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March 31,1993 Docket No. STN 52-001

Chet Poslusny, Senior Project Manager
Standardization Project Directorate
Associate Pirectorate for Advanced Reactors

and L inse Renewal
Office of tnc 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:

Attachment 1 - Identifies each DFSER item, has the text of the NRC's March 10,
1993 letter on the left, and GE responses on the right. Tnese
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 the
February 9,1993 submittal. This attachment responds directly 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 - Typed version of the Chapter 8 text which incorporates all the
changes from the markup.

Please provide a copy of this transmittal to John Knox.

Sincerely,

$6 *

Jack Fox
Advanced Reactor Programs -

'

cc: Norman Fletcher (DOE)
Bob Strong (GE)
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PEge No. 1

03/31/93
DFSER CHAP 1ER 8 ISSUES & GE RESPONSES

,

.00 FSERSTAT . REP (iRT FORM FCERMEMO

,

ITEM NUMBER TYPE REF NRC SUMMARY REPORT GE RESPONSE
t

. >

8.2.1.3.1-1 OPEN N1 8.2.1.3.1-1 New Item Interf ace Discussion Chaiges have been marked as agreed.
i

GE Indicated that section 8.2.3 will be renamed as Interface
Requirements and #s 1-16 will be included. #17 will be a COL
Information Section included in 8.2.4. In addition, Section 8.2.5
will be renamed as Conceptual Design. This was acceptable to the
staff.

B.2.1.3.1 2 OPEN N2 8.2.1.3-1-2. Conceptuat Design. Section 8.2.5 (page 8.2 5.1) was changed to "Conceptuat Design", .
and was rewritten, as agreed at the February meetings.

The staff indicated that a separate titled section is needed m
,

the conceptual design for the offsite power system. GE agreed to
provide additional description of the design with a cross
reference to the interface requirements section. This was

acceptable to the staff.
/

8.2.2.2 1 CONF 15 8.2.2.2 1 tsotation of ISC circuits The first sentence of the fifth p- , graph of 8.2.1.3, page *

8.2 2.1, was marked as follows:
Staff needs a discussion of the design of interlock

...with exception of the circuits in the control room, and theinterconnections. CE needs to explain why the interlocks do not "

violate the required independance and why it is acceptable. GE interlock circuitry..."

indicated that the circuits will be electrically isolated and

separated to the extent practical. The staff indicated that a The second sentence (i.e., " Separation of IEC cable...etc.") was ~
$$AR change to this effect would be acceptable. deleted, and replaced with the following:

'"However, these circuits are electrically isolated and separated
to the extent practicat." '

~

B.2.2.3+1 CONF 16 8.2.2.3-1 Electrical independence Page 8.2-2.1 was marked as ,Jreed (i.e., same resolution is
reference 15).

This was tentatively resolved based on 8.2.2.2-1 above.

8.2.2.4-1 CONF 17 8.2.2.4 1 Testability requirements 1st Paragraph

The staff did not approve of the use of the word " facilitate" and the test sentence of 8.2.2.1(3), page L.2-3.1, was modified as

_ _ . .. _ _ . . ~ _ ._ . .- ,_ _..-_. ,_ - . ~ _ _ , _ , - . . ~ , _ . . . , . _ , . _ _ . . . - , , . . _ - . . . . _ _ , _ . , . . . _ . . , _ . - . . _ . . . . _ . , _ . . . . . _ - . . _ , .
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recermended the use of " capability" for testing. GE proposed the foitews:
revision of the wording.

"The ABWR is designed to provide testing and/or verification
the staff was concerned that not att tests can be done at full capability as described above, including the items identified Irv
power, and that GE has not specified all enceptions. GE agreed 8.2.4.1." [ Note 8.2.4.1 was formerly 8.2.3(17).1
to revise its commitment and clarify the testisbility and when it
will be conducted to not adversely affect safe operation of the
plant. In addition, a requirement for reliability will be added 2nd Paragraph

for equipnent which will not be tested during power operation.
The staff indicated that this would be acceptable. The first two paragraphs of 8.2.2.1(3) were replaced with the

following:

"All equipent can be tested, as necessary, to asaure continued
and safe operation of the plant. For ecpipment which cannot be
tested during plant operation, the reliability will be such that

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

Information."

8.2.2.4-1 COL 17 8.2.2.4.1 Procedures for inspection and maintainence This portion of 8.2.3 has been moved to 8.2.4 per new open item
8.2.1.3.1 1 (reference N1). The new markup sentence added to

the staff indicated that GE needs to revise items listed in the item (h) (now item (8)], page 8.2-5, states:
DFSER to address the scope of inspection and maintenance of item ;

th) of 8.2.3 of the SSAR to include terminals M insulators. GE "Also, tereinals and insulators shall be inspected, cleaned and
agreed to do thlm. tightened, as necessary."

l'

i 8.2.2.5-1 COL 18 8.2.2.5 1 Procedures for generator breaker requirements Page 8.2-5, item (g) (now item (7) of Section 8.2.41 was modified
I per agreement at February meetings, as follows:

The steff requested that GE revise paragraph (g) to clarify the

intent cf the testing of the generator breaker. GE agreed to do "The generator breaker can open on demand. (Note: The breaker's -
such. actual opening and closing mechanisms are inherently confirmed

during the shutdown and synchronizing processes. Trip circuits
shalt be periodically verified during shutdown periods while the
breaker is open.)"

8.2.2.6 1 conf 19 8.2.2.6-1 Capability / capacity of offsite power 1st Paragraph

l
i

_ _ _____ ______ ._ . _ . _ . . . . .._ . . _ . __ _ _ _ - .-. _ . _ _ __ _ _ ..- _ _ . . _ . _ _ _ . __ ...
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This confirmatory item required that CE incitde a set of (Introductory conenent only - action inplicated in successive
comitments listed in the DFSER as bullets. Att GE $$AR markups paragraphs only.)

were found to be acceptable prior to the meeting with exception
of the items which were discussed below.

2nd Paragraph:
Low voltage analysis did not appear to the staff as a COL ltem.
GE indicated that this analysis will be an ITAAC item and that it Item 8.3.4.31 was deleted, and the comitment for a load analysis
would include a discussion of the methodology in the SSAR. In per Chapter 3 of IEEE 141, and also IEEE's 242 and 399, was added
addition, GE comitted to providing a reference to the IEEE es a footnote to 8.3.1.1.7(8), page 8.3-8.1, as follows:
Standard 141, Red Book, Chapter 3. This was acceptable to the
staff. "A cceptete toad analysis shall be performed in accordance with

Chapter 3 of IEEE 141, and IEEE's 242 and 399, for the power
The staff indicated that GE neglected to address the DFSER buttet distribution system to demonstrate proper siting of power source
concerairw normal and alternative circuits being subjected to and distribution equipment. Such analysis shall provide the
steady-state and transient conditions. The staff stated that it basis for the degraded voltage protective relay timer settings
would reconsider and reevaluate this item, and it remained and other protective relay settings."
unresolved. LUPDATE: Per telephone call March 25, 1993, the
staf f indicated this item was consolidated into New Iteni
8.2.3.8-1, and faxed CE a copy.) 3rd Paragraph:

The buttet related to Prformance and operating characteristics this item shouid be resolved. See New I tem 8.2.3.8-1 for CE
of normal and alternate preferred power circuits to meet response,
operability and design-basis requirements incitx!ing short
circuits, equipment capacity, voltage and frequency transient
response was not addressed in the recent Chapter 8 markup. GE 4th Paragraph:
Indicated the items listed in the buttet could be addressed by
the set of analyses methodologies to be included in the SSAR in a GE's notes and understanding from the February meetings
future markup. This remained unresolved, apparently did not agree with those of the staff on this issue.

Ove records show this issue was resolved based on the action GE
j took per "2nd Paragrar5" above, i.e., the comitment for non-COL

analysis per IEEE's 141, 242, and 399. The staff should consider
this issue closed per that action. (Update: a phone discussion
with the staff on March 26 confirmed the issue is confirmatory,
and shoutd ctose pending review of thie submitta|.)

. _ _ _ _ _ _ _ _ _ _ _ -- . , _ - - .- -
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G.2.2.6 1 COL 19 8.2.2.6-1 Capability and capacity of of f site power ist Paragraph:

Operational restrictions for the reserve auxiliary transformer The following was added to the Col. License Information section
needed to be revised. GE irdicated that when the reserve tPage 8.2 5), as agreed at the February meetings:
auxiliary is out of service restrictions would be irrposed on the
length of operation in this mode. The staff indicated that GE "8.2.4.2 Plant Procedures when a Reserve or Unit Auxiliary
should add a statement to the SSAR ard GE agreed to do so . Transformer is out of Service
Restrictions will apply whenever the normat and alternate offsite
sources are not available to a Class 1E division. GE would need Appropriate plant operating procedures will be inposed whenever
to indicate how the configuration would be established, and the Reserve Auxiliary Transformer is out of service.
include a COL action item to establish the procedure ts configure
the power sources and a means to address station blackout. This When a Unit Auxiliary Transformer is out of service such that
was acceptable to the staff. only the alternate offsite source is available to the downstreem

Class 1E bus, appropriate plant operating procedures will be
Operational restrictions on the reserve auxilbry transformer ipposed UNLESS att of the following conditions coexist: (1) the-
supplying the non-class 1E toad groi.ps should prohibit the coduistion t e bine generator (CTG) is avaltable. (2) the bus
secondary winding from surplying loads greater than the winding arrangement is aligned such that the CTG can serve as a backup
cit / sir rating. The staff Indicated that GE should provide a 'offsite' power source to the affected Class 1E bus, and (3) both
clarification in the SSAR about the capacity limits on the of the remaining Class 1E buses are functional and have access to
reserve auxiliary transformer and that all preconcieved abnormal both the normal and alternate offsite sources."
allowed configurations should be included in the design
discussions. t,E comitted to adding the information to 'he SSAR.

2nd Paragraph:

Regarding the separaticr1 buttet, GE indicated that atternate
configurations do not violate separation requirements. The staff Recall that at the February meetings, GE argued that transformers
indicated that this is part of the design and no action is should be attowed to operate within their FOA rat"ngs without.

required. The staff will revise the DFSTR. restrictions. Following some discussion,.it was agreed the
fottowing sentence would be added to Section 8.2.1.2 (as now

GE agreed to address the remaining bullets in a revised $$AR marked on page 8.2-2 of attached):
submittat.

"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."

- - . _ - . - - , . , . _ _ ,__ - _ . . . , . , , - . - . . . ~ . . _ . - . , . . - _ . . _ _ . _ - , . . . ... _ , , , , , - - - - ~ . . , - . _ , _ . _ , _ _ . _ . . . . . . . . - - . , _ _ - - _ . - , , - . _ . . , .



- -

.,

4 .

|

Poge No. 5

03/31/93
0FSER CHAPTER 8 ISSUES & GE RESPONSES

.00 FSERSTAT .REPORY FORM FSERMEMO

ITEM NUMBER TYPE REF NRC SUMMARY REPORT GE RESPONSE

3rd Paragraph: (NRC action to revise the DFSER.)

4th Paragra@ :

Att of the buttets of DFSER Section 8.2.2.6 were addressed per
the "Roa&sp" docunent stknitted to the staf f prior to the
February meetings. The first set of buttets were addressed urder
"8.2.2.6-1 CONF" begiming on page 4 of the Roa&ap. The second
set of bullets were addressed inder "8.2.2.6-1 COL" begiming on
page 2 of the Roa& sp. The disposition of each buttet was
addressed in the "GE COMMENTS" cotum. Therefore, there are no
" remaining bullets" except the two conclusion bullets at the end
of both the confirmatory and COL segments, which state "Specified
acceptable fuel design limits..." ed "The core will be
cooled....". Since these latter two buttets are general
statements of the NRC's conclusion " based on these above
consideratiers," (i.e., att the other but tets already addressed),
in corparison with the CDC'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 buttets..."
unless this refers te, the resolution actions already addressed

per the above peregraphs.

8.2.3.2 1 CONF 24 8.2.3.2-1 Degraded offsite voltage the following statement was added to 8.3.1.1.7, page 8.3-7.1:

The staf f reviewed the recent CE sutnittet and stated that GE "The Class 1E equirurent is qualified to sustain operation for
needs to add a statement atWt voltage less than 70% voltage. GE this 3 second period without damage to the equipment."
proposed a change to the SSAR to indicate that the Class 1E
equipnent is qualified to sustain operation for 3 seconds at 70%
voltage without damage. This is acceptable to the staff.

Q.2.3.3-1 CONF 25 8..!.3.3-1 Automatic switch frce test to operating the foltowing sentence was added to 8.3.1.1.8.8, page 8.3-10:

The staff wanted the controt logic for switchover from parattet "These interlocks are designed to be testable, and are
to normat operation to have the capacity to be periodicatty periodicatty tested (see 8.3.4.21)."

. __ .-. . _ __- . , . . _ .. _ _ - . . . . _ - - . - , _ _ - _ , . . _ _ _ . . . _ , _ . . - _ _ _ . - - , . _ . _ . _ . - , . _ . . -. _ . _ , .._. _ .~ .
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tested reflected in the SSAR. GE agreed to add a statement to

the $$AR section 8.3.1.1.8.8 to reflect this capability. This
was acceptable to the staff.

B.2.3.3-1 COL 25 8.2.3.3 1 Periodic testing of interlock design The following sentence was inserted in 8.3.4.21, page 8.3 23.4
per the agreement:

GE comitted to add a COL action item to require procedures to
perform the periodic testing of the interlocks in section " Interlocks which restore the u11ts to emergency standby on event
8.3.4.21. This was acceptable to the staff, of a LOCA or LOPP shall also be tested."

8.2.3.3 4 CONF 28 Although considered closed per the February meetings, the staff The test sentence of 8.3.1.1.6.4, page 8.3 7, has been modified
made a subsequent phone call (3-23-93) to request " capability of to: "Such interlocks are capable of being tested and shall be,

being tested" for the synchroniting interlocks for the diesel periodically tested (see Subsection 8.3.4.23)."

gsnerators.

8.2.3.8 1 NEW N3 This section addresses, in part, the staff's evaluation of CE's $ witching and lightning surge protection is provided by the
'

response to DSER (SECT-91-355k open item 26 and DFSER station grounding and surge protection systems described in
(SECT-92'349) Confirmatori Item 8.2.2.6-1 and open item Appendix 8A, and by the redundant feeds (i.e., normat and
8.2.2.6 1. alternate preferred power circuits described in 8.2.1.2).

j Manian and minian voltage ranges are specified in 8.2.3(2)'and
'

During their opration, normal and alternate preferred power transformers are designed per 8.2.1.2. Attowable frequency
circutts can be subjected to the transmission system's variation or stability limitations are addressed in 8.2.3. Surge-

steady-state and transient conditions (such as switching and and EMI protection for. Class 1E systems, equipment and conponents
lightning surges, manian and minimum voltage ranges for heavy is described in A m endia TA. The SSAR therefore su ports the

j and light load conditions, frequency variation, or stability criteria indicated by this buttet.

- timits). Provisions will be incitded in the design of the

!
offsite a,ystem to minimize the probability of losing electric

power f rors any of the remaining sources as a result of these
conditions. The Class 1E systems, equipnent, and components will
be appropriately protected such that Class 1E systems, equipmert,
and corponents witi not be subject te these conditions if these
conditions are beyond the timits for which the Class 1E systems,
equipment, and components are designed. This is New Item
8.2.3.8 1.

During Februery 23 to 25, i993 aeeting discussions the staff ~,

_

-u- +s- u- W I' -eeM 9 e - w rur w e1 r *e_y- r-*vw A---94 e-4*M -- + w w - m ew 9 w*g--T- m 49u-2 m3$ y-WwgWges- --querven--e-m$ 1-'r*V%+megi--g w :p-yeep- * - - 3 -Me+ e m me ''t . W Meiei -*wM9----mogry- err **w'f4 um 149 - y3 ---t---term 1D r-e ege=2 w1- gy-gve--- 'sN+
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indicated that they would reconsider and reevaluate this item.

8.2.4-1 C0t 32 8.2.4-1 Operating procedures for offsite preferred power For the record, the subject sentence (the test sentence of
circuits 8.3.4.9. page 8.3 23.3) now states:

GE provide (* a markup of the SSAR which was acceptable. " Continued plant operation will be appropriately limited when the
reserve auxiliary transforiner is inoperable (see 8.2.4 for Cot,

information)."

8.3 1 CONF 33 Alth wgh considered closed per the February meetings, the staff GE responded during the call, that this was being done already in
made a subsequent phone call (3-23 93) to request the transfer association t-ith the March markup submittet. The speelfic
switches identified in 8.3.1.1.1, page 8.3 3, be designated as addition was made in association with DFSER confirmatory item
" Class 1E Associated" per our February meeting agreements. 8.3.3.6 1 (Ref. 69 CONF). The test paragraph on page 8.3-3 has

been modified as follows:

" Power is supplied to each FMCRD load group from either the
Division I Class 1E bus or the non-Class 1E PIP bus through a

pair of interlocked transfer switches located between the power
sorces and the 6.9 kV/480V transformer f eeding the FMCRD MCC.
These transfer switches are classified as Class 1E associated,
and are treated as Class 1E."

For clarification, the following sentence was added at the end of-
the third to-test paragraph of 8.3.3.641 (top of page 8.3 4):

"The design minimizes the probability of a single fatture
af fecting more than one fMCR0 grote by providing three
independent Class 1E feeds (one for each gro @) directly from the
diesel generator backed 6.9 kV bus (see sheet 3 of Figure
8.3 1)."

8.3.1.1 1 CONF 33 8.3.1.1-1 Corptience with IEEE standards the ABWR comitment to fut ty meet IEEE's 741 and 946 was added to
the SSAR per the mark-ups at 8.3.1.2, page 8.3-12 (insert E), and

CE needs to commit IEEE standards 741 and 946. GE has reviewed 8.3.2.2.2, page 8.3-23.1 (insert f).

the standards and would be able to comit to them conpletwty. In
- addition the URD has comitted to these standards. The staff

- - . . , - , , - - , , , , , - - . - . - - - - - , - . - . . . - - . , - , . - , . , - - . , . . - , . - , , . - . . . . . . . . . . , . - . . . , . - . . - . . . - . ~ . . - . . . - - . . . - - - . , . - . - . -
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,

Indicated that a discussion of the standards in the test of
Chapter 8 would be acceptable in a $$AR amenthent.

8.3.1.2 1 CONF 36 8.3.1.2-1 Protection requirement of GDC 2 and 4 GE believes att such statements have been revised. NRC action to -
confirm, as stated.

The staff comitted to review the recent markup of the SSAR to

determine if GE has clarified the ru ter of divisions needed to
maintain the plant in a safe shutdown condition.

8.3.2.1-1 CONF 37 8.3.2.1-1 Open tray separation The agreed markup has been made per the indicated reference. The
last part of the test sentence of 8.3.3.6.2.3.1 (6) (f ormerly

the staff indicated that the use of barrier is not consistent 8.3.1.4.2.3.1 (6), page 8.3 181 is now written:
with other comittments in the SSAR It was suggested that GE

better define the separation and what the barrier would be. GE "...shett be separated from non-enclosed receways associated with
wanted to attow for non-1E cables maintained in open raceways and any of the four electrical divisions or non-divisional cables by ,

agreed to provide the change in a markup. This was acceptable to .9 m (3 ft) hortrontet, or 1.5 m (5 ft) verticat, or with an

the staff. a M itional barrier separated by 2.5 cm (1 inch)."

8.3.2.2-1 CONF 38 Although considered closed per the February meetings, the staff ' NMS cables are not " separated" in the seme sense as the RPS cable
made a subsequent phone call (3-23 93) to request the separation groupings in that with RPS, redundant divisions are involved.
of NMS cables be clarified, as was done for the RPS scram groups. With the NMS, the unique handling of cables is within the sane

division for EMI purposes. GE 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
8.3.1.3.1.3, page 8.3-14) was modified as foltows:

"for EMI protection, neutron-monitoring cables"are'run in their
own dedicated divisional conduits and cable trays."

8.3.2.3-1- CONF 39 Although considered closed per the february meetings, the staff The reference paragraph (d) was modified to: .

made a subsem ent phone catt (3 23-93) to request clarification
as to why de lighting circuits rio not share receways with other "To enhance lighting reliability, emergency de lighting circuits
circuits (see 9.5.3.1.1(7)(d), page 9.5 3.31. This was in shalt not share raceways with any other circutts.a
conjunction with ref. 38 CONF above.

. ..~. _.~ ,- - , _ . . . , - -- . . __. , _ . . . _ - - - , . . . . . . _ . , _ . , _ . . . . . _ . --. - -, . . - . . . _ . . _ . _ . . _ _ _ . - . , _
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8.3.2.4 1 CONF 40 Although considered closed per the f ebruary meetings, the staf f The sentence appeared at the end of the first paragraph of
made a subsequent phone call (3-23-931 to request a sentence. 8.3.1.4.1.2(7), page 8.3+15, and has been reinstated in the new
which appeared in Ameedent 21 and was missed in subsequent section 8.3.3.6.1.2(7) as follows:
amen @ents, be reinstated.

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

(Note that the ref trence "8.3.1.4.1" has been changed to

"8.3.3.6.1" consistent with where the same information is now
found in the latest text.)

8.3.2.5-1 CONF $9 8.3.2.5 1 Separation of cables outside penets the first sentence of the new section 8.3.3.1 (formerly

8.3.1.1.5.1, page 8.3 5) was rewritten as followst
the staff indicated that cables inside panels need to be
suppor ted. GE stated that the $$AR would be amended to discuss "All cables are stworted in raceways (i.e., tray, conduit, or

support. This was acceptable to the staff. wireways)."

8.3.2.6-1 CONF 60 8.3.2.6-1 Separation of cables inside penets in accordance with the agreements at the February meetings, the
new sentence added at the eruf of 8.3.3.6.1.1 (4) (formerly

The staff indicated that power cables need to be instatted in a 8.3.1.4.1.1 (4), page 8.3-151 is:

barrier separating them fress IEC cables in accordance with IEEE
384 GE stated that the 120v contrat cable and power cables "For EMI considerations, power cables are routed in metallic
could be included in the same raceway and that the RG or IEEE conduit wherever they come in close proximity with the low level
does not specify this requirement. GE proposed that a statement (v1) cables."
be added in the $$AR to guarantee separation of power cables f rcan
any low-power 1&C cabling or appropriate barriers. This was
acceptable to the staff.

8. 3. 2. 7- 1 CONF 61 8.3.2.7-1 separation of cables enter / exit cabinet All buttets have been addressed in new additions to roadnap

(signified by "**") attached.
This will be resolved based on resolution of 8.3.2.6-1.

UPDATE: Per phone call 3/29/93, Knon reopened the issue reg;ested
buttets 2-6, and 8-11 to be identified in SsAR, section 8.3.1.4.

_ _ _ _ _ _ _ - _ _ _ _ _ _ _ _ _ _ _ _ _ __ _ _ _ ._-. - ._, . _ - _ _ _ . _ _ _ . _ . - -
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8.3.2.8-1 CONF 62 8.3.2.8-1 Physical separation cf equirnent 2nd Paragraph:

! The staff indicated the need for a cornittment for a 3 hour fire the second to-last sentence in 8.1.3.1.1.1 (page 8.1-3) has been
I barrier and missile barrier for everything up to the power modified. per the February meeting agreements, as follcws:

distribution panels. The staff has reviewed the write @ in
! Arpendia 94 and found the following inconsistencies. "This equipment is housed in Seismic Category I structures except

for some control sensors associated with the Reactor Protection
Section 9A.5 conflicts Chapter 8 statement that all Class IE System (see 9A.5.5.1), and the Leak Detection System (see
busses, distribution systems and power ard control systems are 9A.5.5.7)."
located in seismic Category I buildings. GE agreed to list the

exceptions listed in 9m.5.5 in Chapter in Section 8.1.3.1.1.1. GE Cross ref erences to these sections were also added to
connitted to verifying if additional cross references to 7.2.2.2.4(4) and 7.3.2.2.2(1), respectively, as shown in attached
esceptions are needed in Chepter 7 and adding additional marb es.
information to the SSAR, if. required. This was acceptable to the

,

staff.

3rd Paragraph

Section 94.5.5.1 indicates that there are cuttiple divisions of

scram solenoid fuse penets in the same fire areas. GE coppitted the f ollowing sentence was acMed in the second paragrapi of
to clarifying the discussion in the section to add a statement 9A.5.5.1, page 9A.5-1, per attached markup:
that the penets are in separate fire areas. GE agreed to provide

a state w it in section 8.3.1.4.2.2.2 indicating that the 3-hour "The Div. I rooms are located in separate fire tones from the *

fire barrier witt be maintained from the power source up through Div. Il rooms, which zones are separated by 3 hour fire I'

the distribution penets. Enceptions for the loads are provided barriers."

in 94.5 This was acceptable to the staff. ,

the following clarification was added in the end of the first

the staff provided a marh p of 94.5 to GE indicating sections paragraph of 8.3.3.6.2.2.2 (formerly 8.3.1.4.2.2.2, page 8.3-17):
which are inconsistent with other sections of the S$AR.

"The electrical equipmnt from the Class 1E power suppies to the
distribution centers are separated by 3-hour fire barrieram
Beyond the distribution centers, the exceptional cases where it
is not possible to instatt such barriers have been anatyred and 1

justified in Appendix 94.5."

4th Paragraph:

._ _ . _ , - . _ _ . , . _ . - . . . . - _ , . . . _ _ _ _ _ . . _ - _ . _ _ _ _ . _ _ . - _ . . . _ . . , , . - _ . _ . . _ . . . _ . . , _ _ _ _ . . , _ . ,
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(The consistency check was comitted by end of April by Mo
Nik-Ahd.) ,

8.3.3.1-1 CONF 64 8.3.3.1-1 *rotection of electrical penetrations Most of the information formerly in section 8.3.4.4 has been
moved from this " COL License Information" section to the main

The staff expected a ctamittment to bullets for protecticv1 of text under a new section 8.3.3.7 (see attached). However, the

electrical penetrations in the design description. In e Mition, original paragraph (3) remained in 8.3.4.4, page E.3 23.2, (which
a comittment to testing of fuses was also expected. GE was newly titled " Testing of current Limiting Devices for
indicated that additional information will be added to the SSAR Electrical Penetration Assenbtles"), but was modified to include
to address the fuse testing and inspection. This was acceptable fuse inapection as follows:

to the staff.

"4propriate plant procedures shalt 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."

8.3.3.1-1 COL 66 8.3.3.1-1 Periodic test of protective, current limiting (Addressed in 8.3.3.1-1 CONF.)
devices

The COL ltem was addressed in the confirmatory item 8.3.3.1-1
ebove. ,

8.3.3.2-1 CONF 65 8.3.3.2 1 Protection of electrical equipment from design basis In accordance with the agreements at the february meetings, the i

events (DBEs) first sentence in 3.11.2 (page 3.11-1.1) has been charged as
follows:

GE indicated that it would modify the SSAR to include a reference
,

to IEEE 323-1974 for all electrical equipnent. GE comitted to "Att safety-related electrical equl mmt is qualified by test orF

address the bullets in the DFSER by including them in the SSAR. other methMs as described in IEEE 323 and permitted by

10CFR$0.49(f) tReference 1)." i

| ...-...........

These buttets are as follows:
| 1st Buttet:

The staff understands that each type of Class 1E equipment will
be: This buttet is supported in 8.3.3.4 and 3.11.2 (first paragraph

as modified per the above).

_-_. - . _ _ _ - - - - - - - - _ - - - _ - _ _ _- - - _--._a.-..,._-.,--._.._ , _ _ _ ,_. _ _ _ _ ., ,_ . , _ , , . , _ _ ;



.

. .

Page No. 12

03/31/93
DFSER CHAPTER 8 ISSUES & GE RESPONSES

.00 FSERSTAT . REPORT FORM FSERMEMO

ITEM NUMBER TYPE REF NRC SUMMARY REPORT GE RESPONSE

* queilfled by analysis, successful use urder similar conditions,
or by actual test to demonstrate its ability to perform its

function under normat and design basis event envirornenta1 and 2nd ButIet:
operational conditions,

This bullet was added as " Insert G" at the end of the first
* designed and quellfled to survive the contiined ef fects of paragraph of 3.11.2 (page 3.11-2).
temerature, humidity, radiation, and other conditions related
with a LOCA or other design-basis event envirorwent at the erd of

their qualified and/or design life, 3rd Bullet:

* walified to IEEE 344-1987, "Recomended Practices for seismic This bullet is corrmitted by the test sentence of 8.1.3.1.1.1
Qualifications of Ctess 1E Equie nt for Nuclear Power Generating (page 8.1-3), which references 3.10 which' also comIts to IEEE
Stations," 344

* quellfled by test and/or enalyzed to demonstrate its ability to

meet its performance requirements during and following the 4th Buttet:
design-basis seismic event,

This bullet is supported by the first paragraph of 3.10.2 (page
* located in seismic Category I structures, 3.10 2).

* seismically supported,
5th and 6th Bullets:

* designed and qualified to operate within allowable design basis
limits or variations of voltage, frequency, and waveform in the . These bullets are supported by the last paragraph in 8.1.3.1.1.1
Class 1E power systems during any mode of plant operation (for (page 8.13), and by 3.10.3 and its subsections (beginning on
exenple, able to operate for a predetermined tim when subject to page 3.10-5). Note, also, the modification per confirmatory item
vottage below 90 percent, to operate for a predetermined time 8.3.2.81 (Reference # 62 CONF.).
when voltage is below 70 percent, to operate continuously when
subjected to voltage variations of +/- 10 percent of nominal, or
to operate at voltages betecen 100 to 140 volts at the de 7th Buttets
system's 125-volt distribution panels.

The ac portion of the buttet is supported by the last paragraph
of 8.3.1.1.7(8), page 8.3-8.1. The de portion is supported by
the third paragraph of 8.3.2.1.3.1, page 8.3-21.

8.3.3.3-1 CONF 66 8.3.3.3-1 Seismic qualification of light bulbs ist Paragraph:

... ._- . . . . _ . _ . _ , _ . . . _ . . _ _ . _ . . - . - . _ _ . . . _ . . . - . , . . . _ . _ _ , , . - - . ~ .. . - - , . , _ _ . - . . . _ - . - . . , - . . _ _ . , _ - . , _ _ , , .
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The staf f indicated that CE still needs to show how the the following sentence was added in three places following the
non-seismic fixture will not effect the Class 1E circuits. GE mention of fixtures being seismicetty supported:
indicated that the breaker protection will protect the circuits

in the design and this information would be included in the SSAR. "This is acceptable to the Ctess 1E power supply because of
This was acceptable to the staff. overcurrent protective device coordination."

The staff stated that it stitt has e problem with tight bulbs not The three ptoces referenced are 8.3.2.2.2(2)(e) (pege 8.3 23),
being seismicetty qualified. The stoff will verify if this 9.5.3.2.2.1 (page 9.5-3.5), and 9.5.3.2.3.1 (page 9.5-3.6).
subject has been covered by the RG 1,29 review. This item
remained open.

2nd Peregraph:

Per the phone discussion with the staff on march 26, 1993, the
staff agreed the bulbs are not required to be seismically
quatified, but GE needs to add a comitment for protection of
personnet due to shattering glass, 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 breas are seismiestly supported, and.
are designed with appropriate grids or diffusers, such that
broken material will be contained and will not become a hazard to
personnet or safety equipment during or following a seismic
event."

8.3.3.4 1 CONF 67 8.3.3.4 1 Sutnergence of electricot equipment the first sentence of sthsectit.n (6) of 8.3.3.6.2.3.2 (was
8.3.1.4.2.3.2(6), page 8.3 193 has been split into two sentences -

The staf f indicated that GE should list the f act that tergwrature as followst

sonitoring cabling and their terminations in the supression pool
are qualified to be stkmerged. GE ogreed to add this f act in the " Class 1E electricet equipment located in the supprw lon poot
$$AR. This was acceptable to the staff. tevel swell zore is limited to st.wression pool N eture

monitors erwl their feeder cables. The terminatione seated
such that operation would not be imetred by stbner . ebe to
pool swett or LOCA."

.
- ,. . _ . _ _ - . _ - , _. _ _.. . _ . - _ m _ - _. _ . . . _ _ . _ . . - . _ . - . , , - - - . . - . - - _ . . . _ . . , . . _ . . . . _ - - . . . - _ _ . . -.._.
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,

8.3.3.5-1 OPEN 68 8.3.3.5-1 Redurufant class 1E systems (environments) 1st Paragraph:

The staff indicated that in Table 94.5.2 there is a list of the statement in 7.4.1.4.4 (page 7.4 7.1 attached) has been
reactor building specia cases with redundant equipment ar marked up as follows:
circuits in the same fire area. Electrical codes are listed to
provide separation guidance. Some circuits list N/A under " Control of att necessary power supply circuits is also
a plicable codes which do not indicate the basis for protection transferred to the remote shutdown system."
of the equipment or circuits. GE indicated that the scram
solonoids are addressed in 94.5. That was acceptable to the
staff. For other exanples, GE provided an explanation for 2nd Paragraph:
clarification and no tevision to the SSAR was required. The

'
staff questioned the protection of the power su mty to the remote (Mo Wik Ahd agreed to provide the 94.5 modifications by end of
shutdown panet from a fire in the main control room. GE April.) |
indicated that in $$AR section 7.4.1.4.4, it states that all
necessary power su mly circuits are manually transferred to other
sources after a control room short circuit.

The discussion of the $LCS in 94.5 indicates that the SLCS will
be lost in one fire. There is not discussion on the protection
of the Class 1E electrical systems. GE agreed to modify the
writeup to eMress this issue and do similar for the flaninability

control system, SGTS, among others to discuss the required
protection of Class 1E power supplies. This was acceptable to
the staff. The staff indicated that SPLB and SIC 8 should also
review the section. This becomes an interim confirmatory item
based on the above items. ,

_.

8.3.3.6-1 CONF 69 8.3.3.6-1 Associated circuits design information 1st Paragraph:

The staf f indicated that GE had not included DFSER buttets in its . Buttets f a,1b and 2 (as identified at lef t) havs txwt aMed as a
SSAR markup clearly. GE indicated that it would include the single paragraph to replace the second-to-last paragraph in
DFSER bullets in a $$AR revision and would identify lighting as section 8.3.3.1 (formerly 8.3.1.1.5.1, pege 8.3-6).
the only associated circuits with exceptions noted and justified. .

-This was acceptable to the staff. With regard to the 3rd buttet, GE has taken the position that no
_ seperation should be required between onsite circuits that are

,__u._u.. . . _ - . . _ _ . ~ _ . . . _ _ - _ _ _ _ , _ .. . _ . . , ._ .,__ .- . ~ . _ . _ _ . , , _ - _ . . . . _ _ _ . _ . . . . _ . . . . - _ _ . _ . , _ _ . . _ _ . --
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I The DFSER bullets mentioned above are: purely non-Class 1E. To this end, GE modified the design so that
only Division I has a non-Class 1E load, namely, the FMCRD drive

la) Associated Class 1E will remain with or be physically motors. Therefore, this bullet would present en inconsistency to
separated in the same manner as those Class 1E circuits with the SSAR. Non-Class 1E toads are simly not allowed for
which they are associated; OR Divisions Il and Ill, this eghasis has been scMed in the new

test paragraph of 8.3.1.1.1, page 8.3-4 (insert N).
1b) Associated Class 1E circuits will remain with or be
physically separated in the same manner as those Class IE. Note 1 of 8.3.3.$.1 (page 49 of typed draf t) (formerly 8.3.1.3.1,
circuits with which they are associated, from the Class 1E page 8.3-13) and the last paragraph of 8.3.2.2.2(2)(e), page
equipment to and including an isolation device. 8.3 23 have been modified to identify the emergency lighting

circuits as the only per certification associated circuits. The
2) Associated Class 1E circuits (including their isolation subject paragraphs also require any other associated circuit
devices or their connected safety or non-safety system loads additions (i.s.. post certification) to be specifically
wit..+t isolation devices) will be subject to att requirments identified and justified.

'placed on Class 1E circuits.

3) Non-Class 1E circuits that are powered from a Class 1E 2nd Paragraph:
division and are considered isolated through isolation devices

described in IEEE 384 (such as fuses, breakers, and power packs) The test two paragraphs of 8.3.1.1.1, page 8.3-4 (insert N), have
shall be physically and electricatty independent of non Class 1E been modified as follows:
circuits that are powered through a IEEE 384 isolation device
from a different Class 1E division. ) "The Class 1E load breakers in conjunction with the tone

selective interlocking feature (which is also Class 1E), provide
the needed isolation between the Class 1E bus and the non-Class

In addition, GE indicated that it would provide a further 1E toads. The feeder circuits on the upstream side of the Class
description of how it meets IEEE 384 relating to the FMcRD 1E toad breakers are Class 1E. The FMCR0 circuits on the load
circuits. GE still is seeking credit for the zone selective side of the Class 1E toad breakers down to and including the

interlock, but the staff has problems with this. GE indicated transfer switches are Class 1E Associated.' The feeder circuits
that it would describe the tone selective interlocks as Class 1E from the non-Class 1E PIP bus to the transfer switch, and

in the SSAR. The staff wss concerned that the tone selective circuits vestream of the transfer switch, are non Class 1E.

Interlock transfer switches should be Class 1E to protect the

Class 1E from parattet operation, but they are not. GE indicated Non-Class 1E toads being supplied from a Class 1E bus exists only
that they would classify the transfer switches as associated 1E, in Division I, as described above for the FMCRD's. Non-Class 1E

- and the loads downsteam of the switches and feeds f rom non 1E as loads are not permitted on Divisions 11 or til. This prevents
non-Class 1E. This would be acceptable to the staff to cover the any possibility of interconnection between Class 1E divisions."
final aspect of this item.

- - - - . - - -- -- .. - - . - , . . . , - - , - - - . , , - - - - . - - - - - . . - - - - . - , - , - . ~ . . - , - - - - - - - - , ,
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8.3.3.8 1 CONF 43 8.3.3.8 1 Overload protection of Class 1E Moys The following sentence was awed as " insert H" in 8.3.1.2(2)(g),
page 8.3-11; and 8.3.2.2.2(2)(f), page 8.3-23:

The staf f irdiented that it needed a statement that the bypass
circuitry for the overloads needs to be address =d for testability "These overload bypasses meet the requirements of IEEE 603, and
and w eting the positions of IEEE 603. GE indicated that it are cepable of being periodically tested (see 8.3.4.24).*
would modify the SSAR to include this information.

References to both places was also eMed to the cot _ License
information section 8.3.4.24, page 8.3-23.4

8.3.3.10-1 CONF 71 8.3.3.10 1 Periodic testing of protective relaying As discussed in the February meetings, att except the first
paragraph of 8.3.1.2(2)(c), page 8.3-10.1, has been replaced with

A discussion concerning the need to clarify the meeting of the the following paraphrase of IEEE 308, Section 5.2 (see' insert 1):
requirements of IEEE 603 was held. The staff wanted the

identification of Class 1E equipment not performing a safety "Section 5.2 of IEEE 308 is addressed for the ABWR as fottows:
function. GE indicated that this could not be done until the
finat design has been corpleted. Those portions of the Class 1E power system that are required to

support safety systems in the performance of their safety
GE needs to discuss the areas where they camot meet IEEE 603 and functions meet the requirements of IEEE 603. In addition, those
ccmitted to provide a general discussion of cases where the other normat conponents, equipnent, and systems (that is,
design wilt not met IEEE 603. GE indicated that the comitment overload devices, protective relaying, etc) within the Class 1E
to the standard IEEE 308 oaragraph 5.2 will be provided in the power system that have no direct safety function and are only
SSAR. provided to increase the evaltability or reliability of the Class

1E power system meet those requirements of IEEE 603 which assu e
that those corponents, equipnent, and systems do not degrade the
Class 1E power system twtow an acceptable level. However, such
elements are not required to meet criteria as defined in IEEE 603 t

for: operating bypass, maintenance bypass, a'wf bypass
indication."

8.3.3.13-1 CONF 47 8.3.3.13 1 Fire protection of cable systems The third sentence of the second paragraph of 8.3.3.8.2 (formerly
8.3.3.2, page 8.3-23.1) wh h h said "!EEE Std 384 and Regulatory

The staff had expected additional detailed information about Guide 1.75 are always conplied with, however" has been deleted
separation in accordance with IEEE 384. GE comitted to adding a and rep!6ced with the following:
reference to the specific 3 feet, 5-feet separation included in.
another section of the SSAR (8.3.1.1.5.1). This was acceptable "However, separation requirements of 8.3.3.1 are coeptied with."

_. . . - _ - - .. _ _ -. __ . _ _ _ . _ _ _ . _ . . _ _ - _ _ _ . _
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to the staff. I

(Note that 8.3.3.1 was formerly 8.3.1.1.5.1. The reason for this
move was to create a more generic section applicable to both ac
and de systemr )

0.3.3.14-1 OPEN 72 8.3.3.14-1 RPS scram and MSiv solenoid valves As discussed in the February meetings, the following subsection
was acMed to 8.3.1.1.4.2.2, page 8.3-5 (insert J):

The staff indicated that the internal protection (EPA) needs to
be added to the text discussion to be consistent with the "(8) In addition, an external electrical protection assenbly

corresponding drawing in the SSAR. GE convoitted to adding a (EPA) is provided which performs similar ftsxtion as the monitor
paragraph to specify the internal protection characteristics. described in (7) above (see figure 8.3 3, Sheet 1)."
This was acceptable to the staff.

8.3.3.16-1 CONF 73 8.3.3.16-1 Control access to Class 1E power equipnent 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 typed draft)

GE conunitted to adjing a statement that Class 1E equipment will (formerly 8.3.1.4.1.1, page 8.3-15):
have provisions for access control as specified in the DFSER.
This is acceptable to the staff. "(5) Class 1E power system power su mties and distribution

equipment (including diesel generators, batteries, battery.
chargers, CVCF power sumties, 6.9 kV switchgeari 480 volt load
centers, and 480-volt motor controt centers) are tocated in areas
with access doors that are adninistratively controlled. In

addition, ac and de distritxJtion panels are located in the same
or similar areas as Class 1E power supplies and distribution
equipment, or the distribution penets are designed to be locked,
so that access to circuit breakers located inside such panels can
be adninistratively controt ted. The physical design of the ABWR
permits the administrative control of access to Class 1E power
equipment areas (see Section 13.6.3)."

i

8.3.4-1 CONF 74 8.3.4-1 Electrical independence 411 but tets have been addressed in new additions to roachap (s.'

Indicated by "**").
The staf f had expected DFSER design copinitment tantets to be
included in the SSAR markup. Both GE and the staff will review

' the the SSAR to identify where each bullet is inctuoed.
i

i

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ . _ . . ______._ __ .m. . _ . _ _ , _ . _ _ . . - _ _ , . . . , , _ , _ . . . _ , , . . _._ ., _ . ~ , , . , . - , _ . __, _- -_, ._,
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I

Q.3.4 1 COL 74 '8.3.4 1 Electrical independence The staff agreed, in the February meetings, that the referenced
section addition in the draft submittat (sent to the staff

r GE indicated that key interlocks to insure that two breakers are previous to the meetings) closed this issue.
always open would be provided along with achinistrative controls

,

over the use of keys would be a COL action item as specified in
the SSAR markup. The staff found this to be acceptable.

Q.3.4.1-1 CONF 50s 8.3.4.1-1 Interconnection between redundant divisions The information provided in the second paragraph of 8.3.2.1.3.1,
page 8.3-21, of the February draft SSAR was deemed acceptable by

GE indicated that the $$AR provides information in the SSAR that the staff. However, per staff request per phone call 3-25 93,
addresses the intertecks in 8.3.2.1.3.1, and the staff found it the words "...kept normatty open..." were added into the test

acceptable. sentence. (See also, typed draft page 42.)
,

G.3.4.1-1 COL 50b 8.3.4.1-1 Administrative control of interlock keys This item is resolved, a* indicated by the staff.

This item was resolved in item 8.3.4-1.

Q.3.4.4'1 CONF 53 8.3.4.4-1 Transfer of leads between redundant divisions this issue is resolved per the Staff notes.

The staf f determined that the design ipplies that the design has
one non-1E lead tied to the Class 1E division. This was
acceptable to the staff as marked up in the $$AR.

8.3.4.4-2 CONF 75 8.3.4.4 2 Isolation between safety bus & non safety' lead This item should be closed contintent on closure of ref 8.3.3.6.1
(69 CONF).

This item was tentatively closed based on the discussion in
8.3.3.6-1.

~

<

8.3.4.4 1 COL 75 8.3.4.4 1 Periodic calibration of fault interrupt coordination The staff agreed this was resolved based on 8.3.4.29, page ;
8.3 23.4.

GE agreed to provide a discussion of the periodic testing

requirements for protective and/or current ilmiting devices. |

This was acceptable to the staff.

8.3.5-1 CONF 54 8.3.5-1 Lighting systems item 1:

_ - . . . _ , _ . . _ . _ _ _ _ - _ _ _ - , - - - - ._ _ _ - - . _ . - _ . - - _ . _ . _ - . _ . _ . ~ . - . . _ . . _ . _ _ - . . . _ . . . , _ _ _ _ , - . - . - _ , , , . _ - . _ . _ . . _ _ - - . - - -
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!

The staff still believed this was unresolved and comitted to the following comitment has been added to the end of4

review the basis for this finding. IUPDATE: The staff faxed a 9.5.3.1.1(3), page 9.5 3 (insert V):
copy of 0FSER Section 8.3.5 to CE on March 25, 1993. The.

following action items were identified therein: " Light fixtures in safety areas are seismically supported, and
are designed with appropriate grids or diffusers, such that

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

personnel or safety equipment during or following a seismic
event. p

Item 2:
2. The guide tamp unitt will be su mlied ac power from the same
power source that supplies the standby tighting system in the Per agreement with the staff on a March 25 telephone catt, the
area in which they are located. The guide tamp tight system will second-to-last sentence in the first paragraph of 9.5.3.2.4, page

be seismically qualified and will meet Class 1E requirements in 9.5-3.6, has been modified as follows
plant areas containing Class 1E equipment.

"The power sumly ac source is fed frvn the standby tighting
3. Clarify that lighting circuits (including panels, etc.) are system in the same area."
" Class 1E associated". The ac and de Lighting sections describe

penets as being " Class 1E." Also, the last sentence in this subsection has been clarified as
follows:

'
4. Normal, standby, emergency, and guide tarp tighting systems
instetted in essential areas and in passageways tending to and "The self-contained emergency lighting sets are Class it
frten these areas will be tested periodically. qualified in safety-related areas."

5. Light bulbs will be reptoced when their expected design life
has been exceeded. Item 3:

6. GE needs to address the adequacy of 50% lighting for at t Per agreement with the staff on a March 25 telephone call, the
essential areas and not just the contret room, 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 Associated."

__ __ _ _ _ _ _ _ ,, _ _ - _ _ . ._ _ _ . . ,_ _ _. . _. _ _ _ __ _ _ ~ _ . _ _ _ _ . _ . , _ - - _ . . _ _ _ _ . , _ _ . _ . . . _ . . . . . _ . _ _ . - _ . . _ , . .
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Simiterty, the third sentence of the second paragraph of
9.5.3.2.3.1, page 9.5 3.6, was deleted; and the next sentence was
modified to:

"The circuits are classified as Class 1E Associated."

Items 4 and 5:

(These items are addressed in 8.3.5-1 COL below.)

Item 6:

The itttnination levels for att essential areas of the plant are

addressed in tables 9.5 1 through 9.5-4 These levels correspond-
with those of the IES Lighting Hanobook, and with the Utility -

Requirments Doctnent (URD) for Advanced Light Water Reactors.

SSAR f ables 9.5-1 through 9.5 4 ware ccupared with URD f able

11.8-1. It was noted that both the 100% and 50% tighting levels
in the SSAR are within the acceptable ranges given in the URD for
all essential areas. This wes to be expected since both

doctments base lighting levels on the IES Standard. The lighting
levels are, therefore, adequate even when ene of the power
sources is lost (i.e., the 50% levet).

8.3.5-1 COL 54 8.3.5-1 Periodic testing and replacement of light bulbs CE objected to a staff proposal to replace tight t:utbs based on
their expected life, and therefore prior.to their f ailure. GE

The staff indicated that the COL needs to have a program to believed this would necessitate some kind of system for tracking

replace inspect and replace light bulbs. GE disagreed with this individual service hours for each and every tight bulb.

requirement. It remained unresolved.
Per telephone conversation with the staf f on March 25. 1993, the
staf f agreed to en inspection program and GE agreed to add the
following sentence just after the first sentence in 9.5.3.3, page
9.5-3.7!
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t

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

GE had eMed COL License Information item B.3.4.25 (pese
I 8.3 23.4) in the February draft, which states:

" Appropriate plant procedures shall include periodic. inspections
'

- of att lighting systems installed in safety-related areas, and in
possageways_ leading to and from these areas. In addition, g

,

lighting systems insmtled.in such areas which are normally'

de energized (e.g., guide lams) shall be periodically tested."i

8.3.5 1 OPEw 76 8.3.5 1 Lighting system under design-basis accident (DBA) GE considers this closed except for hunan f acters elements to be
'

determined by the staff. At the February meetings, the staff
The staf f irxficated that GE needs to eMress lighting irwiicated they gired "no action at this time" f rom GE.
requirements for att essentlet areas and not just the control
room. Further, the staf f needs to address the battery pack
tighting ittunination af ter a seismic event. GE indicated that
the illumination is 7 ft. candles for the battery pack. Other

lighting information is included in Table 9.5-1-9.5 4. This item
will be evaluated by the staf f in the htsnan f actors area.

8.3.6.2-1 CONF 77 8.3.6.2 1 Control of electrical design beses this issue involves a co m tete consistency check of Chapter 8.
Resoluticri is pending on the final submittet. ;

This will be evaluated ty the staff after the final certified

$$AR submittat is received.

8.3.7-1 OPEN 79 8.3.7-1 Reliability of systems in accordance with the February meeting negotiations, the
following statements were added to the SSAR as indicated

GE indicated that safety eqJI rent will not be taken out ofF

service for testing dsring operation. GE needs to add a in 8.2.2.1(3), page 8.2 3.1:
statement to address the rettability of the co m onents when
determining testing periodicity similar.to the discussion being "At| equipment can be tested, as necessary, to. assure continued
added to the of f site system testing.' This was acceptable to the and safe operation of the plant. For equipnent which cannot be
staff. tested during plant operation, the reliability will be such that

,.
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testing can be perf ormed during plant shutdown (for emanple, the
main generator circuit breaker). See 8.2.4 for COL License
Information."

In 8.3.3.2 Iformer4y 8.3.1.1.5.3, pege 8.3 T):

(A similar statement was addad, but the emanples in this case

were " safety retlef valves and certain isolation valves.")

8.3.8.2 1 CONF 81 8.3.8.2 1 Capacity of IE 125 volt de battery The following has been eMed at the eruf of 8.3.2.1.1.1, page
8.3 20 (insert 0):

The staff indicated that the DFSER bullets would need to be addad
to the SSAR, but GE had not added att of them. The tuttets need "In accordance with this standards, each of the four Ctess 1E
to be reviewed to determine where they are aWressed. The staff 175-volt betteries:
Indicated that 1-4, t*10 and 13 had not been addressed. GE
indicated that it would review the buttets to determine where 1) is capable of starting and operating its required steady
they were included and would odd the ones which have not been state and transient loads,
included to the SSAR.

2) is imediately evallebte during both normat operations end.................... ...

[ The buttets identified above are as follows: following loss of power from the alternating current systems,

The staf f mderstands that each of the four Class 1E 125-volt 3) has suf ficient stored energy to provide an edaquete source of
batteries will: power for starting and operating ett required LOCA and/or LOPP

toads and circuit breakers for two hours with no ac power,

1) be cepable of starting end operating its required steady
state aruf transient loads, 4) has suf ficient stored energy to provide power in excess of

the capacity of the battery charger when needed for transients,
2) be imediately available during both normat operations and

following loss of power from the alternating current systems, 6) has a capacity design margin of 5 to 15 percent to allow for
less than optimin operating cornfitions,

3) have suf ficient stored energy to provide en adaquete source

of power for starting and operating at t required LOCA end/or LorP 7) has a 25 percent capacity design margin to ccv4wmsate for
loads and circuit breakers for two hours with no ac power, battery eging,

4) have sufficient stormf energy to provide power in excess of 8) has a 4-percent capacity design margin to attow for the
the cepacity of the battery charger when needed for transients, lowest empected electrolyte tenperature of 21C (707),

.. _ _ _ . . . _ _.. _ _ _ . _ _ _ _ . . _ , - , , _ _ _ _ _ _ ._ _ ___.- _ . _ . . _ , . ___ . _ . . _ _ - .. . . - _ _ . _ _ . _ _ . . _ . . . , _ .._
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6) have e capacity design margin of $ to 15 percent to allow for 9) has a ruber of bettery cells that correctly matches the -

less than eptinue operating conditions, bettery-to-system voltage limitations,

7) have a 25 percent especity design margin to corpensate for 10) bases the first. minute of the betteries' duty cycle on the
battery aging, sta of all ponentary, continuous, and noncentinuous loads that

can be expected to operate during the one minute foltowing a LOCA
8) have e 4-percent cepecity design margin to allow for the' and/or LOPP,

Lowest espected electrolyte tenperature of 21C (70F),
13) is designed so that each bettery's cepecity can periodically

| 9) have e ruter of bettery cetts that matches the be verified." ]
,

battery-to-system voltage limitations,
,

.

10) base the first minute of the betteries' duty cycle on the stm

of all enamentary, continuous, and noncontinuous loads that can be
expected to operate during the one minute following a LOCA and/or
LOPP, 9

13) be designed so that each bettery's cepecity can periodically 'i

be verified. 1

8.3.8.4-1 CONF 82 ' 8.3.8.4*1 Class 1E ac stan&y dc power 1st Paragraph:

The staf f Indicated that local manuet start without toad sequence The following peregraph was inserted between the two peregra5 sh
capability bed not been included in the $5AR. GE indicated that of 8.3.1.1.8.6, page 8.3 10 (insert P):

this information would be eMed to the 55AR. This was ecceptable
to the staff. *When the dieset is started from the tocol contret' station, the

. engine will attain rated voltage and frequency, then remain on

Regarding air starts, the staf f indicated that the capability for stan &y without load sequencing (i.e., the generator breaker will:
four air starts will be eveitable without recharging the air ~ remain open)."
tanks was not adequately addressed in the $$AR. An egreement was
mede to the rewording to be incita$ed in the $5AR which was
acceptable to the staf f. 2nd Paragraph:

this new sentence replaces the first sentence of the third

paragraph of 9.$.6.2, page 9.5 6 (insert c)t

5
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.

"to avoid depleting air start capability, following unsuccessful
1

4 automatic starting of the dieset generator with and without oc
external power, each diesel generator's air receiver tanks will
have suf ficient air remainire for three n>re successful starts

'
without recharging."

i

Note a difference from the precise sentence agreed at the
meetings, which said "...without ac or de external powtr...",
this change is consistent with a prior trderstanding with the

staff that automatic starts of the diesel are not requited

without the use of enternal de power (i.e., the station Class 1E
batteries are always assuned to be available).

8.3.8.4 1 Col 82 8.3.8.4-1 Procedures for testing of DG 8.3.4.36, page 8.3-23.5, has been re-written as follows:

The staf f indicated that all the DFSER bullets for tests had not " Appropriate plant procedures shall include periodic testing
been included in the SSAR. GE indicated that it w%td revise the and/or analysis of Class 1E diesel generators (see 8.3.1.1.8.2),
discussion in section 8.3.4.36 to clarify the reference back to and to demonstrate their capability to supply the actual full
section 8.3.1,1.8.2. This was acceptable to the staff. design basis load current for each sequenced toad step."

8.3.8.5-1 CONF 83 8.3.8.3-1 Constant voltage / frequency stg ly capacity the following sentence was adjed at the end of the second ,

paragraph of 8.3.1.1.4.2.1, page 8.3-4.1:
The staff indicated that the testability requirement had not been

included in the SSAR. GE Indicated that it would add the "The design also provides capability for being tested for

statement about the capability to test the capacity of the CVCF. adequate capacity (see 8.3.4.34)."
This was acceptable.

'

8.3.8.6-1 CONF 84 8.3.8.6-1 Battery charger the subject portion of the third paragre @ of 8.3.2.1.1, page
8.3-20, has been changed froen "...futty charged state within the

The staff indicated that GE should indicate the time for return time stated in the design basis...", to "... fully charged state

to futt charge for minina charge should be included in the SSAR. within 12 hours (per technical specifications)...".
GE indicated that they would provide the design basis tutwr for

the recharging time. This was acceptable to the staff.

8.3.8.7-1 CONF 85 8.3.8.7-1 Distribution systems The fottowing sentence was added at the end of 8.3.1.1.5(2)

._._._ -_ _ _ - _ _, . - , _ . _ _ . - - . , . . _ _ . . _ . . , , - . . _ . _ . _ . ~ . . . . . _ _ _ , . . _ - _ _ _ . . . . . _ . _ _ _ . _ . . _ . _ _ . _ _ . . . . _ _ . . . . _ _ . _ . - .
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(formerly 8.3.1.1.5.2(2), page 8.3-6, (insert R)):i

The staff wanted a statement concerning the capacity of each
distribution system and the capability to be testable as a design "A capacity and voltage drop analysis will be performed in 'l

ccessi t tment. In addition, GE needs to generate a discussion of accordance with IEEE 141 to assure that power sources and
the distribution design capacity reg >lrements. CE proposed distribution equipnent will be capable of transmitting suf ficient
revising section 8.3.1.1.5.2 discussion of the design basis to energy to start and operate att required toads for att plant
indicate that the capacity and voltage drop analyses will be conditions."
performed in accordance with IEEE 141 to assure that power
sources and distrubution systems will be capable of transmitting Also, the words " sensing devices" was changed to " power supplies"
suf ficient energy to start and operate att required toads for at t in the first sentence of 8.3.3.2 (formerly 8.3.1.1.5.3, page.
plant conditions. GE also indicated that this type of discussion 8.3-7).
would be considered for addition to severat places in the SSAR. (
This was acceptable to the staff.

Regarding the testability of the systems, GE egreed to change the
statement in 8.3.1.1.5.3 to replace sensing dev;ses with power
sumlies. This was acceptable to the staff,

'8.3.8.7-1 COL 85 8.3.8.7-1 Distribution system Section 8.3.4.30, page 8.3-23.5, is acceptable as is, since it
atteady has a reference to 1EEE 308. However, that same

GE indicated that a statement in section 8.3.4.30 and 8.3.4.33 reference needed to be added to section 6.3.4.33. The new

indicates that procedures would include periodic testing in section reads:
accordance with IEEE 308. The staff found tnis acceptable.

" Appropriate plant procedures shalt include periodic testing of
Class 1E batteries in accordance with Section 7 of IEEE 308, to
assure they have suf ficient capacity and capability to supply
power to their comected loads."

8.3.9.1-1 CONF 80 B.3.9.1-1 Reestablishing ac power Per phone conversation with staff 3/26/93, no GE action is.
required for this item, in that RG 1.155 assessments aruf other

The staf f expected the DFSER design comitment. bullets to be all CTG information will be provided in conjunction with 8.3.9.3 1.
addressed in the SSAR. GE was asked to clarify how they meet the
580. .They have submitted the CTG and the coping capibility in
the design. The staff stated that it believes that the CTG is.

''
sufficient.to meet the rule and the coping is not required. GE .

originalty was not ready to discard the coping arguement untit

|

, - - - _ _ - - - _ - - . - - . . - - . - .- -. - , - . - - -
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the reliability and evellability requirements on the C!G in the
TS are firmed tp by the staff and mey went to receive credit for
both features. The staf f comitted to revise its finding to

indicate credit for the CTG es en etternative oc source whleh
meets the 580 rule requirements.

i

8.3.9.2+1 CONF 86 8.3.9.2-1 Ccping capability Per phone conversation with staff 3/26/93, no GE sction is-
required for this item, in that RG 1.155 assessmente and other

''GE indicated that they may not meet the full requirements of RG CTG information will be provided in conjunction with 8.3.9.3 1.

| 1.155 because the enetysis comot be done without final
es-purchased equipnent. The staf f comitted to have the finst
safety evolustion report (FSER) reflect its revised evolustion.

B.3.9.3 1 CONF BT 8.3.9.3 1 Ccebustion turbine generator A conputer ward search on " cope" and " coping" was performed for
Chapter 8 and section 9.5.11. Att such references were removed,

GE Identified where the tx2ttets incitded in the DF5ER ere in the as agreed, and as shown on the attached draft.
SSAR. The stoff indicated that the GE discussion needs to be
revised to remove att discussions cf the coping cepebility based A review of the buttets originally addressed in the Roe &ep
on the staff approvet of the CTG es the alternate oc source. GE schmitted in February revealed that changes were needed for the
needs to cteen up the buttets to better meet RG 1.155. Further, 1st, 5th, 7th, and 9th bullets. Those portions of the Roe *sp
the staff indicated that the following sections of RG 1.155: C, which underwent changes are separately attached.
3.3.5, 3.5, and Appendix A & B for the CTG. Specifiestly, for
the CTG Buttet #5 regarding the time to placs the CTG on line to Appendia 1C (to be eMed in the rear future) specificetty
feed one train of shutdown toads being less then one hour. GE addresses the electrical and plant systens espects of Regulatory
egreed to provide additionet description of the especity end Guide 1.155 with credit being teken for the CTG es en etternate

capibility to do the required furetions less then one hour in oc (AAC) source. For the present time, the essessment of the CTG
section 9.5.11. In addition, GE agreed to provide a against section 3.3.5 of the Guide has been provided in the new
coeprehensive description of how the $80 and RG 1.155 are met to Roachap attachments. -M
address the electrical end plant systems espects of the -

regulatory requirements this was acceptebte to the staf f. A new stbsection (7) was emed to 9.5.11.1, pega 9.5 10.2 (insert
S), as follows:

"(T) The bur tie arrangment, and the capacity and topobility of
the CTG, l' designed such that the time to plate the. CTG on line
to feed ery one trein of shutdown loeds (i.e., includes mermal
cennection to any one Ctess tE bus) shall be within 10 minutes."

- - _ . _ . - . -, _ , . _ - - - - . _ . . . . _ . _ . , . ~ . _ . - _ , , , . _ , _ _ _ _ . _ - . , _ . - . - . . _ _ _ , , - . , . , . . . ~ . _ . _ , . _ _ , _ . _ . - - - .
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,

8.2. 2.6 1 COL" Operational restrictions will (See CE toment) The following note was aMed to the
prohibit the reserve auxiliary end of Section 8.2.3, newly titled
transformer from supplying more than alnterface Requirements". (The rww

'

one Class 1E load gro @ during normal markup for the note appears as
plant operation, when one of the ainsert Da on page 8.2-5.)
three unit auxiliary transforcera is

out of service. 8.2.4.2 Plant Procedures when a
Reserve or Unit Auxiliary Transformer -

(Note: The words of this bullet, as is Out of Service
shown above, wers modified as agreed
by the kRC per tha February Appropriate plant operating
meetings.) procedures will be imposed whenever

the Reserve Auxiliary Transfo mer is
out of service. '

When a Unit Auxiliary Transformer is -
-[

out of service such that only the i

alternate offsite source is available i

to the downstream Class 1E bus,
appropriate plant operating
procedures will be inposed UWLESS all
of the following conditions coexist:

'(1) the combustion turbine generator
(CTC) is available, (2) the bus

"

arrangement is aligned such that the-
CTC can serve as a backup 'of fsite' !

power source to the effeceed Class 1E
bus, and (3) both of the ,emaining

,

Class 1E buses are functional and
have access to both the normal and
alternate offsite sources."

8.2.2.6-1 CONF ** Voltage levels at the low-voltage 8.3.1.1.7(B) Item 8.3.4.31 was deleted, and the
terminals of the auxiliary and comitment for a load analysis per

reserve transformers will be analyzed Chapter 8 of IEEE 141 was added as a *

to determine the maximtsn anti minimum footnote to 8.3.1.1.7(B), page !

toad conditions that are expected 8.3 8.1. ;

throughout the anticipated range of |

voltage variations of the offsite

transmission system and the msin
generator. Separate analyses will be
performed for each possible circuit ,

configuration of the offsite power

supply system.

8.2.3.8-1 CONF ** This section addresses, in part, the (SEE CE COMMENT) Switching and lightning surge ;

staff's evaluation of CE's response protection is provided by the station
~

to DSER (SECf-91-355) open Item 26 grourding and surge protection
and DFSER (SECY-92-349) Confirmatory systems described in Appendia BA, and
item 8.2.2.6-1 and Open item by the redundant f eeds (i.e., normal

- - - -
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8.2.2.6-1. and alternate preferred power
circuits described in 8.2.1.2). . |

During their operation, normat and Maninun and minimum voltage ranges
,

siternate preferred power circuits are specified in 8.2.3(2) and'
,

can be subjected to the transmission transformers are designed per
system's steady-state and transient 8.2.1.2. Allowable frequency .e
corditions (such as switching and variation or stability limitations
lightning surges, maxinan and minimtn are addressed in 8.2.3. Surge and
voltage ranges for heavy and light EMI protection for Class 1E systems,
load conditions, frequency variation, equipment and conponents is oescribed
or stability limits). Provisions in Appendix 7A. The SSAR therefore

twill be included in the design of the supports the criteria indicated by
offsite system to minimize the this buttet.
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 a mropriately '!
protected such that Class 1E systems,
equipment, and conponents will not be

fsubject to these conditions if these
conditions are beyond the limits for h
which the Class 1E systems,

,

equipment, and corponents are
designed. This is New item |
8.2.3.8-1. i

|

During February 23 to 25,1993
meeting discussions, the staff

L

indicated that they would reconsider
and reevaluate this item.

8.3.2.7-1 CONF" Based on discussions the GE and (OK) The staf* (John Knox) indicated this ,

information stesequently presented in buttet was accounted for in the SSAR. [
Section 8.3.1.4 of $$AR Amenttient 21,

tthe staff understands that the j
foitowing design connitments apply:

.

ILC and optical cabies (inettding j
metettic and fiber-optic cables will

rbe treated the sane with respect to
separation and protection throughout k r 6 h~ !O *

Q iO Y
Itab(0Yff '[ v

the plant.

:{8.3.2.7-1 conf ** Each division of Class 1E power, 8.3.3.8.2 Both of these truttets are backed by '

instrumentation, and cont ol cable -{[ $$AR subsection 8.3.3.8.2 (last ;
will be routed to the control room \ paragraph). ". j
conplex through a cable chase or y
other means, so that redundant

i
division areas will te separated by a

-|3 hour fire-rated barrier.
>

|

t

- - ,
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Each cable chase will be ventilated.

8.3.2.7-1 CONF ** Separation between Class 1E and 8.3.3.6.1.1(3) The test sentence of 8.3.3.6.1.1(3):

non-Class 1E cab, s within the cable was modified as follows:
chase will be the same as separation
of cables located outside cabinets ''Ctess 1E and non-Class 1E cables are
and panets as described in Section separated in accordance with IEEE 384
8.3.2.5 of this report, and R.G. 1.75, as explained in

8.3.3.1. - This incitades cablar wit +J ^
cable choses."

8.3.2.7-1 CONF ** Class 1E, Class 1E associated, or 8.3.3.6.2.2.3(6) The following new paragraph (6) as
,

ron-Class 1E power circuits routed in added to 8.3.3.6.2.2.3:
a cable chase or the control room
area will be limited to those "(6) Class 1E, Ctess 1E associated,

,

required to operate systems, or non-Class 1E power circuits routed
equipment, or components located in in the control room area are limited !

the control room area (power cables to those required to operate systemt ,
will not be permitted to traverse equipment, or corponents locattti in

,

through from one side of the control the control room area (power cables
room area to the other without being are not permitted to traverse through
terminated in the controt room area). from one side of the control room

area to the other without being

terminated in the control room .I
'area)."

B.3.2.7-1 CONF ** Class 1E, Class 1E associated, or 8.3.3.6.1.1(4) in conjunction with another similar-
non-Class 1E power circuits routed in issue, the f ollowing statement was
a cable chase or the control room added as the test sentence of
area will be routed inside rigid or 8.3.3.6.1.1(4): 4

flexible conduits that will be
shysically separated horizonatlty ard "For EMI considerations, power cables f

verticatty by a minimtsn distance of are routed in metattic conduit
15.2 cm. (6 in.) or by steel barriers wherever they come in close proximity
or additional enclosures from any IEC with low level (V1) cables."
cables. |

The separation of power and 1&C
'

cables was considerably discussed at *

the February meetingsg and the above
'statement was conceived and agreed

upon to close this issue.

" 3.2.7-1 CONF ** Power cables may be routed in 8.3.3.6.1.1(4) John Knox indicated this bullet is
,

flexible metstlic conduit under the accounted for in the SSAR. I

'raised floor of the control room.

!

8.3.2.7-1 CONF ** Separation between redundant Class 1E 8.3.3.6.2.2.3 This buttet is backed by SSAR

and between class 1E and non-Class 1E subsection 8.3.3.6.2.2.3. ;

power, instristentation, and controt ,

cables within the control room area

|
,
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!

will be separated in the same way as
cables tricated outside cabinets and ,

'panets as described in Section
8.3.2.5 of this report.

8.3.2.7-1 CONF ** Redundant Class 1E power, 8.3.3.6.1.2(6) The 2nd paragraph of 8.3.3.6.1.2(6)
'

instrunentation, and control cables has been clarified as follows:
will enter cabinets or panets through

separate apertures. "Redundarit Class 1E circuits which
wn: enter a common panet, cabinet,
et_ , enter through separated

apertures and terminate on seperated
terminal blocks. Where re h it '

circuits unavoidably terminate on the
same device, barriers are provided
between the device terminations to
ensure circuit separation, or ;

approved isolators (generetty ;

optical) are used." '

8.3.2.7-1 C%F** Class 1E and non-Class 1E power, 8.3.3.6.1.2(6) A 3rd paragraph was added to
,

'instrunentation, and control cables 8.3.3.6.1.2(6) as fcdtows:
will enter cabinets or panels through
separate apertures. " Class 1E and non-Class 1E power,

instrwentation, and control cables

enter cabinets or penets through
"

separate apertures."

<

B.3.2.7-1 CONF" table chases and the control room 8.3.3.6.2.2.3 The following paragraph was added at
area will be non-hazard areas (as the beginning of 3.3.3.6.2.2.3: !

defined in Section 6.1.3 of IEEE ;

384-1981). "The control room area and cable |
chases are considered non-hazard {

areas (as defined In Section 6.1.3 of -;
IEEE 384). These areas do not contain |
potential hazards such as high enerpw t

switchgear, power c'istribution 'I
panels, transformers, or rotating

,

c:ruipment; nor are they exposed to f
potentist sources of missites, pipe. |
failure hazards, or fire hazards." !

i

8.3.2.7-1 CONF ** Cante chases and the control room B.3.3.6.2.2.3 See response to previous but tet. j
area will not contain potential i
hazards such as high energy

,

switchgear, power distribution
panets, transformers, or rotating I

equipment; potential sources of
missiles; pipe failure hazards, or
fire hazards.

;
.

k

_ _. _
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8.3.4 1 CONF ** Based on discussions with GE and 8.3.3.1 The following paragraph was acbed to !

Information inclu3ed in SSAR B.3.3.1:
,

Ameronent 21, the staf f has the
following urderstandings with respect "The protective actions (that is, the
to electrical independence: initiation of a signal with the sense i

and conmand features, or the
The protective actions (that is, the operation of equipment within the ;

initiation of a signal with the sense execute features, for the purpose of
'

and conmand features, or the acconplishing a safety function) of
'

operation of equipment within the each red m dant load gro @ is
execute features, for the purpose of electricatty independent of the j

acceeptishing a safety ftx tion) of protective actions provided by ;

each redundant load group will be red e dant load groups. Cross talk

indepmdent of the protective actions between divisions to facilitate the- f
provided ty redurdant load groups. two-out of-four logic for the Safety [

System Logic and Control (SSLC) is
acconplished by fiber optic medlun.".

B.3.4-1 CONF ** Each onsite Class 1E power supply (SEE CE COMMENT) The "no automatic interconnection"
(for exanple, the dieset generator or provision of the diesets is stated in ;

the constant voltage constant 8.3.1.1.8.1. Administrative controis - j

f recpeney power suppies) wi81 have to prevent parat teting Class 1E - [
provisions for automatic connection sources have been added per the |

to one Class 1E load group, out will fotlowing.

have no automatic connection to any f
other redundant Class 1E or non-Class "8.3.4.15 Administrative Controts ;

1E (non-divisional) Load group. If for Manual Interconnections .)
nonautomatic (manual) interconnecting i

means are furnished, provisions that As indicated in 8.3.1.2(4)(b),' the |
prevent paralleling of the red e dant ABWR has capability for manually |
onsite Class 1E power s @ pties will connecting any plant loads to receive [
be included. power from any of the six sources. [

Appropriate plant operating ;
L

- The ABWR electrical system design procedures shall prevent paralleling j
will not include provisions for the of the redundant onsite Class IE .j
manual connection of the onsite Class power supplies." i

1E power supply of one Class 1E i
divisional load gro @ to any other 1he sub-butlets relating to the spare {

tedurdant Class 1E divisional or battery charger and associated key :!
non-Class 1E non-divisional load interlocks is backed by SSAR section
group (except for the manual transfer 8.3.2.1.3. .;
cf spare battery chargers between

'

red;ndant divisions, the manual The following was acded as the test f
>

transfer of the fine action control paragr ph of 8.3.1.1.1: '

rod drive notors from a
. f

non-divisional to a divisional "Non-Class 1E loads being supplied i

supply, and the manual connection of from a Class it bus exists only in ;

any one of the Class 1E diesel Division I, as described above for |

generators to any one of the Class 1E the FMCRD's. Non-Class 1E . toads are f

divisional load groups by backfeeding not permitted on Divisions II or Ill, j
i

I

i

. , ,
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!

power frcen the diesel generator This prevents any possibility of .i
through the concustion turbine bus). interconnection between Class 1E

divisions."
+ The ABWR design will include
provisions to allow one spare battery subsection 8.3.2.1.3.1 supports the
charger to be connected to either of sub-buttet on battery chargers being
two divisions ard another spare fed from their assigned divisional

Ibattery charger to be connected to' 480-volt MCC bus.
either of two other divisions.

+ The spare chargers for the de power
supply may be manualty connected to !

either of two designated divisions,

but only when their loads are

switched to the same division. Key

interlocks will mechanically ensure ,

be used in one division at a time. 'f
that these standby chargers can only .

+ The design for the manual transfer
'

of load between the non-divisional
power supply and the divisional power
supply will be through interlocked
breakers.

|

- The ABWR electrical system design
will not have interconnections |

between redundant Class 1E divisions
'except as noted in Sections 8.2.2.3

and 8.3.4.1 of this report. :

?

- The divisional battery charger will
normally be fed from its assigned ;

Class 1E divisional 480-volt motor
control center bus. I

t

8.3.4-1 CokF** Each staru:by power system division 8.3.1.1.8.1 This buttet is backed by SSAR |

incluses the diesel generator, its subsection 8.3.1.1.8.1. i

auxiliary systems, and the
distribution of power to various !

Class 1E loads through the 6.9 kV and |

480 volt systems. Each of these j

divisions will be segregated and |

separated from the other divisions.
No autonatic interconnection will be
provided between the Class 1E
divisions. Each diesel gereretor set j

witt operate independent!y of the ,j
other sets. <

|

8.3.4-1 CONF ** Control power (for the Class 1E 8.3.1.1.2.1 See test paragraph of 8.3.1.1.2.1.
,

i

. - .
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480-volt auxiliaries) will be from |
the class 1E 125-volt de power system
of the same division.

8.3.4-1 CokF** Each Class 1E de system toad group 8.3.2.1.3.1 This buttet is backed by SSAR
will have its own battery charger subsection 8.3.2.1.3.1.
with no provision for automatic
interconnection with other redundant
Class 1E toad groups.

8.3.4-1 CONF ** There will be no provision for 8.3.2.1.3.1 This bullet is backed by SSAR
sutomatieatty interconecting subseetion 8.3.2.1.3.1.
redsdant Class 1E de system load

,

groups.

8.3.4-1 CONF ** Wo provision witt be made for 8.3.2.1.3.1 This buttet is backed by SSAR
automaticatty transferring loads subsection 8.3.2.1.3.1. ;

between Class 1E de power sources.

8.3.4-1 CowF** The ABWR design will not have manual 8.3.2.1.3.1 The foltowing sentente was added at f
interconnections between redmdant the end of the first paragraph in
Class 1E divisions of the de system 8.3.2.1.3.1:
except those that involve the battery I

chargers. "Also, there are no manual
interconnections between de divisions
except those involving the standby
battery chargers, as described
belnw." .

!

8.3.4-1 CohF** Each Class 1E battery will be (SEE CE COMMENT) This buttet is backed by SSAR
independent of the other redondant subsections 8.1.2.2 (11th paragraph), [
battery. 8.3.2.1.3, and 8.3.2.1.3.1. (Note

the word aindependent* was added in

the first sentence of 8.3.2.1.3.) j

i

8.3.4-1 CONF ** Each Class 1E battery charger will be 83213 & 832131 This bullet is backed by SSAR "

Independent of the other redundant subsections 8.3.2.1.3 and
battery chargers. S.3.2.1.3.1. :

i

8.3.4-1 CONF ** The ac and de switchgear power 8.3.2.2.1 This bullet is backed by SSAR I

circuit breakers in each division subsection 8.3.2.2.1 (2nd paragraph).
will receive controt power from their

}
respective divisional load groups to

'

provide the following assurances:

- loss of one Class 1E 125-volt oc !

system division will not jeopardire |

the Class 1E power supply to the !

Cta.ss 1E busses of the other >

redJndant load grotps.
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- The differential relays in one

division and all the interlocks
affiliated with these relays will be

f rom one 125-volt Class 1E de system
division. There will be no cross

'connections between the redundant de
system divisions through protective
relaying.

,

8.3.9.3-1 CONF ** The staff understands that the ABWR B.1.3.1.1.1, 9.5.11 First paragraph of referenced

design will include an alternative ac subsection identifies the CTG, as '

power source. The staff understands does ruerous other places in Chapter
that this alternate ac power source 8. The main description and purpose
witt: for the CTG is presented in 9.5.11. '

be a concustion turbine generator,

'

8.3.9.3-1 CONF ** be designed to power all the normal S.2.1.3 (9th para.) The referenced subsection stoports
and/or Class 1E shutdown loads this bullet statement in that the CTG ,

necessary within 1 hour or less of is 80% targer than each diesel
the onset of the station blackout, generator which, of itself, is

such that the plant is capable of capable of " maintaining core cooling '

maintaining core cooling and and containnent integrity." See also
containment integrity, 8.3.1.0.1, 3rd paragraph. !

Sthr,ect ion 9.5.11.1(1) states the- >

capability of the CTG to asstre its
PIP toad automatically within two

minutes. Should it be necessary for

the CTG to assurre an emergency bus
Ioed, the operator must act manual!y.
For Division !!, a circuit breaker

is imediately available for manual
closure. For Divisions I ard Ill, !

circuit breakers are normally racked
i

out and must be reeked in before they
'

can be closed (see figure 8.3-1,
Sheet 1). However, these operations
can easily be acconplished in less .
than an hour. A comitment statenent ;

to this'effect was added as
s W section (7) of 9.5.11.1. i

8.3.9.3 1 Cohf** be stbject to quality assurance APPENDIX 1C The quality assurance guidelines of
quidelines comnensurate with Section 3.5 of Regulatory culde 1.115 ,

icportance to the equipment's are set (as appropriate for non-Class '

f tnct ion. 1E Station Blackout Equipment), as ;

described in Appendix 1C tto be
Iprovided in the near future].

8.3.9.3-1 CONF ** have sufficient capacity and 8.2.1.3 (9th para.) The referenced subsection supports

i

P
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capability to supply the normal this bullet statement in that the CTG -
non-Class 1E loads used for safe is sized to provide suf ficient power
shutdown, for att three plant investment

protection (PIP) buses, which it
assmes automatically on toss of
offsite power. Also, see Sheet 1 of
Figure 8.3-1. *

RG 1.155,SEC.3.3.5" If an AAC power source is selected APPENDIX 1C See figure 8.3 1, Sheet 1. In event '!
specificatty for satisfying the of offsite power loss, the CTG is
requirements for station blackout, design to automaticatty ass m e the' i

the design should meet the following loads on three non-Class 1E power
criteria: buses, which are designated for plant

investment protection (P!P), Marwat
1. The AAC power source should not capability for ass ming any one of
normally be directly connected to the the three Class 1E diesel generator
preferred or blacked-out unit's buses is also provided. However, the
onsite emergency ac power system. breakers which accomplish this

f metion are normatty racked out for
Divisions 1 and III. Division II is
normally rocked in since this
division is the most heavy loaded,
and has the most protection equipment
channeis fed from it. Under norn.at
circumstances, this breaker is always
open and the CIG would not be

connected to the energency ac power
system (Also, see 9.5.11.3).

RG 1.155,SEC.3.3.5" 2. There should be a mininun APPENDIX 1C SSAR Section 9.5.11.2 references
potential for common cause f ailure Figure 8.3-1 which shows that there
with the preferreo or the blacked-out is "mininun potentist for common
mit's onsite emergency ac power cause f ailure with the ...onsite
sottees. No single-point emergency ac power sources" from the
vulnerability should exist whereby a electrical perspective. Protection

6.eather-related event or single from " single point vulnerability" due
active failure could disable any to " weather-related event or single ,

portion of the blacked out unit's active f ailure" is also inherent in [
onsite emergency ac power sources or the physical separation of the ctg |
the preferred power sources and (located in the Turbine Bui$ ding '

sinuttaneously folt the AAC power IFf gure 9A.4-203) and the diesel
.,

source. generators (located in the Reactor [

Building (Figure 9A.4-41).

RG 1.155,SEC.3.3.5" 3. The AAC power' source should be APPENDIX 1C SSAR Section 9.$.11.2 sittes
available in a timely manner after " Manually controtted breakers also '

the onset of station blackout and provide the capability of connecting
have provisions to be manually the combustion turbine generator to
connected to one or att of the any one of the emergency buses if att
redundant safety buses as required. Other power sources are lost." Thus, [
The time required for making this the CTG has "... provisions to be

!
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equipment available should not be manustly connected to one or all oi
,

more than 1 hour as demonstrated by the redundant safety buses as
t2st. If the AAC power source can be required."

demnstrated by test to be available

to power the shutdown buses within 10 The configuration and capability
minutes of the onset of station oescribed in the response for
blackout, no coping analysis is criterion 1 e. hows that manual
required. connections to any one of the Class

1E buses should be easily
accomptished within the 10-minute
period. It is asstsned this can be;
successfully demonstrated by test;
therefore, no coping analysis is
required.

RG 1.155 SEC.3.3.5** 4. The AAC power source should have APPENDIX 1C Figure 8.3 1, Sheet 1 indicates the
'sufficient capacity to operate the CTC's rating at 9 nW. This

systems necessary for coping with a considerably exceeds that of each
station blackout for the time dieset generator, which is rated at 5
required to bring and maintain the eu, and which is capable of bringing
plant in safe shutdown. the unit to shutdown. Therefore, the

CTG has nord thsn ".~..suf ficient
capacity to operate the systems...to -
bring and maintain the plant in safe !

shutdown.".

EG 1.155,$EC.3.3.5** 5. The AAC power system should be APPEND!M iC SSAR Section 9.5.11.4 states that
'inspected, maintained, and tested " Site acceptance testing, periodic

periodically to demonstrate surveillance testing and preventive
operability and rettability. The maintenance, inspections, etc., sheit ,

reliability of the AAC power system be performed..."Also, per that same
should meet or exceed 95 percent as section, the CTC nust m dergo factory ,

determined in accorderce with testing similar to the dieselr

3
NSAC-108 (Ref. 11) or equivalent generator (f.e., per 1EEE 387) unless

_ ;

methodology. Its reliability maintains 99% over a.
,

five-year period. '

(The remainder of criteria in 3.3.5
i

pertains to nuttiple-mit sites and The rettablity requirement of |

does not apply to the single-unit "..~. meet or exceed 95 percent as
ABWR plant design.) determined in accordance with j

NSAC 108...a was ad:$ed at the erd of
'

the first paragraph of 9.5.11.4, page
9.5-10.3.

I

t
'

l
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INSERT A

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 de Power Systems, respectively. However, some information is
applicable to both ac and de-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 j

i

All cables are supported in raceways (i.e., tray, conduit, or wireways). !

All electrical equipment is separated in accordance with IEEE Std 384,
Regulatory Guide 1 75 and General Design Criterion 17, with the following

,

clarifying interpretations of IEEE Std 384: .t

|(1) Enclosed solid metal raceways are required for separation between Class lE
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 j
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 j
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 i

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 !
'rooms or fire areas wherever possible.

Electric equipment and wiring for the Class lE 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 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 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. 3

;

I
!
r

f
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The Class 1E divisional ac switchgear, power centers, battery rooms and de
distribution panels and MCCs are located to provide separation and electrical
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
I, II, III 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 at.d 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. No penetration carries cables of more than one
division.

S*paration within the main control room is designed in accordance with IEEE
384, and is discussed in Subsection 8.3.3,6.2.2.3.

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

Associated Class 1E circuits remain with or are physically separated in the
same manner as those Class lE 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 lE equipment to and including an isolation device. Associated Class lE (
circuits (including their isolation devices or their connected safety or '

non-safety system loads without isolation devices) are subject to all
requirments placed on Class lE 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 I

The design provides for periodically testing the chain of power system
elements from power supplies through driven equipment to assure that Class 1E j

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 cannot be tested during plant operation, j

the reliability is such that testing can be performed during plant shutdown j
(for example, safety relief valves and certain isolation valves). The

1

requirements of IEEE Std 379 Regulatory Guide 1.118 and IEEE 338 are met.

8.3.3.3 quality Assurance Requirements

A planned quality assurance program is provided in Chapter 17. This program
includes a comprehensive system to ensure that the purchased material,

c:\ow62\ chb /insertsf.wp March 31, 1993 -2-
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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 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,

8.3.3.4 Environmental Considerations

In addition to the effects of operation in normal service environment, all i

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 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 1E 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 cable. Divisienal 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. Loca- tion 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 IE associated
circuits in the pre-certified ABWR design. Any other associated

3

'

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 384-1981, with-the clarification for Items (3) and (4)
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 control 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 a white background for non-Class lE equipment. For
Class 1E equipment, the name-plates have color coded background with black
engraving.

8.3.3.5.1.2 Cable Identification

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 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 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
where all wiring is unique to a single division, Any non-divisional cable
within such cabinets shall be appropriately marked to distinguish it from the
divisional cables.

8.3.3.5.1.3 Raceway Identifcation

All conduit is similarly tagged with a unique conduit number, in addition to
the marking cha- racteristics shown below, at 4.57 meters (15 ft) inte rvals , at
discontinuities, at pull boxes, at points of entrance and exit of rooms and at
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origin and destination of equipment. Conduits co.itaining cables operating at !

above 600V (i.e., 6.9kV) are also tac 3ed to indicate the operating voltage.
These markings are applied prior to the installation of the cables.

All Class lE 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 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
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. i

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 lE, equipment and circuits, assigned to redundant Class
lE 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.

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.

,

8.3.3.6 Independence of Redundant Systems ,

'

8.3.0.6.1 Power Systems

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 !
9A, Subsection 9A.5.5.5.

!-

t

,
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The physical independence of electric power systems complies with the
requirements of IEEE Standard 384, General Design Criteria 17, 18 and 21 and
NRC Regulatory Guides 1.6 and 1.75.

8.3.3.6.1.1 Class lE Electric Equipment Arrangement

(1) Class lE 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.

(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.

(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 lE and non-Class IE cables are separated in
accordance with IEEE 384 and R.G. 1.75 (see Figures 9A,4-1 through
9A.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) V4 - Medium voltage power, 6.9kV (8kv 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

3

for relay contactor control.

!

(d) VI - 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 j
in metallic conduit wherever they come in close proximity with low level ~

(V1) cables. ]

(5) Class lE 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

i

I
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located in areas with access doors that are administrative 1y controlled..
In addition, ac and de 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 administrative 1y controlled.

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

,

8.3.3.6.1.2 Electric Cable Installation

(1) 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.

(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 t

main steam line isolation 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 de 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 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.
,

(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.

In this case, redundant circuits which serve the same Class 1E 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 penetration
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 (5 feet) apply, as
delineated in Section 6.1.5 of IEEE 384 However, the lesser distances

allowed 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 |
1evels. Such walls, barriers or floors are 3-hour fire-rated.

Such separation criteria applies to the following:

1. Between redundant penetrations,
,

L

2. Between penetrations containing non-Class IE and penetrations containing
Class IE or associated Class 1E circuits, and ;

3. Between penetrations containing Class 1E circuits and other 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 greater
than the continuous current rating of the penetration. This avoids i

penetration damage in the event of failure of any single overcurrent device -

to clear a fault within the penetration or beyond it. See Subsection i
8.3.4.4 for COL license information,

8.3.3.6.1.3 control of Compliance with Separation Criteria During Design and
Installation [

t

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;
i

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

1

!

| (5) controlling installation and procurement to assure compliance with approved ,

and issued drawings and specifications.
,

i

|
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The equipment nomenclature used on the ABk'R 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 non Class
1E, and each Class IE item can further be identified to its safety separation
division. This is carried through and dictates appropriate tre.atment at the

,

design level during preparation of the manufacturer's drawings.
;

Non-Class lE equipment is separated where de- sired to enhance power -

Seneration 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
.

r

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 lE 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. ;

tThis 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 i

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, General 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 di- verse Class lE equipment,
devices, and cables is achieved by three-hour fire-rated barriers and elec- i

'

trical isolation. This protection is provided to maintain the independence of
nuclear Class lE 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. i

8.3.3.6.2.2 Separation Techniques
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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 Claes 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 indapendence 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 separation 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

Three-hour fire rated protective barriers shall 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 can disable a safety-related
function. The electrical equipment from the Class 1E power supplies to the
distribution centers are separated by 3-hvur-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.S.

Separation in all safety equipment or cable areas shall equal or exceed the
requirements of IEEE 384.

8.3.3.6.2.2.3 Main control Room and Relay Room Panels

The protection system and ESF control, logic, and instrument panels /racka
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- .scrol panels may have operational
considerations which dicta.a 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

I
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'
inch) separation is maintained between the outside wall of the conduit and
other wiring not of the same division.

(2) Class lE circuits and devices will also be separated from the non-Class lE
circuits and from each other horizontally and vertically by a minimum
distance of 5 inches or by steel barriers or enclosures. Solid or flexible

'

metalic 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. r

<

(3) Where electrical interfaces between Class lE and non-Class lE circuits or
between Class'lE circuits of different divisions cannot be avoided, Class !
lE 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 cm (1 inch) separation is maintained between the outside wall of the
conduit and other wiring not of the same division. ;

(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.

8.3.3.6.2,2.4 Isolation Devices

Where electrical interfaces between Class 1E and non-Class 1E circuits or
between Class lE circuits of different divisions cannot be avoided, Class lE ,

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 isolation transformer as described in Subsection 8.3.1.1.1.
i

Wiring from Class lE equipment or circuits which interface with non-Class ,

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

1

8.3.3.6.2.3 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 lE electrical division "I", "B" with "11", and "C" with

"III".) Other separation requirements pertaining to the RPS and other ESF |
systems are given in the fcilowing subsections.

;
'

8.3.3.6.2.3.1 Reactor Protection (Trip) System (RPS)
I
J

c:\ow62\chS/insertsf.wp march 31, 1993 -11-
.

,



'

|

1

I i

|
! i

MRK-UP TEXT INSERTS
I

i

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 I, II, II and IV. The ;

trip channel wiring associated with the sensor input signals for each of J

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) Where trip channel data originating from sensors of one division are
required for coincident trip logic circuits in other divisions Class IE ,

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.

(3) 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 one !
division will not be routed with any wiring or cabling associated with a j
redundant division. 1

(4) The scram solenoid circuits, from the actuation devices to the solenoids of
the scram pilot valves of the CRD hydraulic control 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 connections to the solenoids. [

(5) Separate grounded steel conduits will be provided for the scram solenoid
viring for each of four scram groups. Separate grounded steel conduits
will also oe provided for both the A solenoid wiring circuits.and for the B a

tsolenoid wiring circuits of the same scram group.

(6) Scram group conduits will have unique ident- ification and will be f
separately routed as Division II and III 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 j

separated by a minimum separation distance of 2.54 cm (1 inch) from the
tconduit of any other scram group, and from metal enclosed 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 other !

tray or raceway system. The RPS condaits containing the scram group wiring [
for the A and B solenoids of the scram pilot valves (associated with ,

Divisions II and III, 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). i

I
i

I
!
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(7) Any scram group conduit may be routed alongside of any cable or raceway
containing either Class lE 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 lE 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

,

L or with conduits of any of the three other scram groups as long as the
I minimum separation distance of 2.5 cm (one inch) is maintained.

| (8) The standby liquid control system redundant Class lE controls will be run
as Division I and Division II so that no failure of standby liquid control
(SLC) function will result from a single electrical failure in a RPS

,

circuit. >

!

(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 Division I, II, III and IV. Under the vessel, cables will be
enclosed and separated as defined in Appendix 9A.5.5.5. i

8.3.3.6.2.3.2 Other Safety-Related Systems
r
>

(1) 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. >

(2) The inboard and outboard isolation 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 i

inboard / outboard pair.
,

(3) 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 lE 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 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 '

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 failure can disable a redundant ECCS c

function. This is accomplished by limiting consequences of a single ;

failure to equipment listed in any one division of Table 8.3-1. (Note that
in Table 8.3-1, diesel generator "A" corresponds with Class lE electrical
division "I", "B" with "11", and "C" with "III".) The wiring to the ADS :

?

i
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solenoid valves within the drywell shall run in rigid conduit. ADS
conduit fot solenoid 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 solenoids.

,

(5) Electrical equipment and raceways for systems listed in Table 8.3-l'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. |

(6) Class IE 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 lE status, these devices are also qualified to the requirements of
IEEE 323 for the environment in which they are located.

(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 1E 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 1E equipment or circuits do
not require isolation devices.

.

!
'

8.3.3.7 Electrical Penetration Assemblies
d

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'
Cu interrupting devices plotted against the

primary and secondary 2 )rrentthermal 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
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
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).

INSERT B (19 CONF)

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

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

INSERT C (19 CONF)

IEEE Std 399 Recommended Practice for Industrial and Commercial Power
Systems Analysis (IEEE 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 lE 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 CTG can serve as a
backup 'offsite' power source to the affected Class lE bus, and

(3) Both of the remaining Class lE buses are functional and have access
to both the normal and alternate offsite sources.

c:\ow62\ chb /insertsf.wp march 31,1993 -15-
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INSERT E (35 CONF)

(5) Other Criteria

(a) IEEE 741 " Standard Criteria for the Protection of Class 1E Power Systems
and Equipment in Nuclear Power Generating Stations"

The ASWR fully meets the requirements of this standard.

INSERT F (35 CONF)

(5) Other Criteria r

'

(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 C (65 CONF)
i
,

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 of their qualified and/or
,

design life. {
,

INSERT H (43 CONF) j

These overload bypasses eeet the requirements of IEEE 603, and are capable of
'

being periodically tested (see 8.3.4.24).
.

t

i

INSERT I (71 CONF) ,

Section 5.2 of IEEE 308 is addressed for the ABWR as follows:

Those portions of the Class lE power system that are required o 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 i

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 lE power system belcw an acceptable level, i

However, such elements are not required to meet criteria as defined in IEEE 603 ,

'for: operating bypass, maintenance bypass, and bypass indication."

i

INSERT J (72 OPEN/ CONF) -

,

i
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(8) In addition, an external elec :ical protecticn assembly (EPA) is provided
which performs similar function as the monitor described in (7) abov- (see
Figure 8.3-3, Sheet 1).

INSERT K (33 CONF) & (69 CONF)
!

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

INSERT L (33 CONF)
'

The design minimizes the probability of a single failure affecting more than
one DHCRD group by providing three independent Class 1E feeds (one for each
group) directly from the Division I Class 1E 6.9 kV bus (see sheet 3 of Figure
8.3-1).

?

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

Associated Class lE circuits remain with or are physically separated in the
same manner as those Class 1E circuits with which they are associated; 2I
associated 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 lE
circuits (including their isolation devices or their connected safety or i
non-safety sysrca loads without isolation devices) are subject to all
requirments placed on Class lE circuits.

,

INSERT N (69 CONF)
.

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 1E bus and the non-Class 1E loads. The feeder circuits on the upstream "

side of the Class 1E load breakers are Class lE. 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 IE ,

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

Non-Class 1E loads being supplied from a Class lE bus exists only in Division ,

I, as described above for the FMCRD's. Non-Class lE loads are not permitted on
Divisions II or III. This prevents any possibility of interconnection between
Class 1E divisions. '

INSERT 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 normal operations and following
loss of power from the alternating current systems,

3) has sufficient stored energy to provide an adequate source of powet for
starting and operating all requirea 1DCA and/or LOPP loads and circuit
breakers for two hours with no ac power,

4) has sufficient stored energy 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,

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 a 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 noncontinuous loads that can be expected to
operate during the one minute following a LOCA and/orLOPP,

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

INSERT P (82 CONF)

When the diesel is started from t?.a 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).

INSERT O (82 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)

c:\ow62\chS/insertsf.wp March 31, 1993 -18-
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A capacity and voltage drop analysis will be performed in accordance with IEEE
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. ,

P

INSERT S (87 CONF)

I
(7) The bus tie arrangment, and the capacity and capability of the CTG, is

designed such that the time to place the CTG on line to feed any one train
of shutdown loads (i.e., includes manual connection to any one Class IE

bus) shall be within 10 minutes.

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

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

INSERT _U (87 CONF - RG 1.155, Se:t. 3.3.5 assessment)

6. Electric Power Research Institute, " Reliability of Emergency Diesel
Generators at U.S. Nuclear Power Plcnts," NSAC-108, September 1986.

INSERT V (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 hazard to personnel or safety equipment during or following a !

seismic event.

,

!

!

.

f

.
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(7) Radiation shielding is provided and access allowances for natural environmental
control patterns are established to allow a disturbances such as carthquakes, floods,
properly trained operating staff to control and storms at the station site,

radiation doses within the limits of
applicable regulations in any mode of normal (15) Standby electrical power sources nave
plant operations. sufficient capacity to power all safety

related systems requiring electrical power |

(S) Those portions of the nuclear system that concarrently.
form part of the reactor coolant pressure
boundary are designed to retain integrity as (16) Standby electrical power sources are
a radioactive material containment barrier provided to allow prompt reactor shutdown
following abnormal operational transients and removal of decay heat under circum-
and accidents, stances where normal auxiliary power is not

available.

(9) Nuclear safety systems and engineered safety
features function to assure that no damage (17) A containment is provided that completely
to the reactor coolant pressure boundary encloses the reactor systems, drywell, and
results from internal pressures caused by suppression chambers. The containment
abnormal operational transients and employs the pressure suppression concept.
accidents.

(18) It is possible to test primary contain-
(10) Where positive, precise action is immediate- ment integrity and leak tightness at

ly required in response to abnormal opera- periodic intervals.
tional transients and accidents, such action
is automatic and requires no decision or (19) A secondary containment is provided that
manipulation of controls by plant operations completely encloses the primary containment

personnel. above the reactor building basemat. This
secondary containment provides for a

(11) Safety related actions are provided by controlled, monitored release of any
equipment of sufficient redundance and inde- potential radioactive leakage from the
pendence so that no single failure of a:tive primary containment.
components, or of passive components in cer-
tain cases in the long term, will prevent (20) The primary containment and secondary
the required actions. 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.

(21) Provisions are made for removing energy*

(12) Provisions are made for control of active from the primary containment as necessary
components of safety related systems from to maintain the integrity of the

the control room. containment system following accidents that
release energy to the containment.

(13) Safety related systems are designed to
permit demonstration of their functional (22) Piping that penetrates the primary
performance requirements. containment and could sene as a path for

the uncontrolled release of radioactive
(14) The design of safety related systems, material to the environs is automatically

components and structures includes isolated when necessary to limit the

1.2-2
Amendment



4

23A6tccAc
' MM nrv c

Standard Plant

TABLE 1.8 21(Continued)

IN1JUSTRIAL CODES AND STANDARDS
APPLICABLETO ABWR

Code or
Standard 71tle
Number Year

IEEE

Criteria for Protection Systems for NGPS
279 1971

30S 1980 Criteria for Class 1E Pow-a Systems for NPGS

317 '1983 Elcetrical Penetration Assemblics in Containment

/SF3 ) Structures for NPGSA97:r""""' ' Oualifying Class 1E Equipment for NPGS
323

Motors for NPGS, Type Tests of Continuous Duty class 1E
334 1974

Criteria for the Periodic Testing of NPGS Safety
338 1977

Systems

Recommended Practices for Seismic Qualifications of344 1987
Class IE Equipment for NPGS

Standard Application of the Single Failure Criterion to
379 1977

NPGS Safety Systems

Oualification of Actuators for Power Operated Valve
382 1985

Assemblies with Safety-Related Functions for NPP

Type Test of Class IE Cables; Field Splices and
383 1974

Connections for NPGS

Criteria for Independence of Class IE Equipment and
384 1981

Circuits

Criteria for Diesel-Generator Units Applied as Standby
387 1984

Power Supplies for NPGS

Practice for Maintenance, Testing, and Replacement of
*

450 1987
Large lead Storage Batteries for Generating Stations
and Substations

Recommended Practice for the Installation Design and
484 1987

Installation of Large Lead Storage Batteries for NPGS
..

1.842
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(1) specified acceptable fuel design limits and There are three independent AC load groups
design conditions of the reactor coolant' provided to assure independence and redundancy
pressure boundary are not exceeded as a of equipment function. These meet the safety
result of aaticipated operational requirements, assuming a single failure, since:
occurrences, and

,

(1) each load group is independently capable of
(2) the core is cooled and containment integrity isolation from the offsite power sources,1

and other vital functions are maintained in and
the event of postulated accidents.

(2) each load group has separate circuits to
The onsite electric power supplies including independent power sources.

the batteries, and the onsite electric dis-
tribution system shall have sufficient For each of the three AC load groups there
independence, redundancy, and testability to are independent batteries which furnish DC load
perform their safety functions assuming a single and control power for the corresponding divi-
failure. sions. An additional battery furnishes DC load '

iand control power for the safety system logic
Electric power from the transmission network and control (SSLC) Division IV bus.

>

to the onsite electric distribution system shall ;

be supplied by two physically independent cir- The reactor protection instrumentation is : .!

cuits (not necessarily on separate rights of way) powered from four independent AC/DC power ' ;
' '

designed and located to minimize to the extent sources. '

practical the likelihood of simultaneous failure
funder operating and postulated accident and emi- The onsite electric power systems are

ronmental conditions. A switchyard common to designed to meet the requirements of Criterion !

both circuits is acceptable. . Each of these cir- 17. For further discussion, see the following j

cuits shall be designed to be available in suffi- sections: !

cient time following a loss of all onsite alter. j

nating current power supplies and the other off- Chapter / l

site electric power circuit to assure that speci- Section Tilk ;

fied acceptable fuel design limits and design j
conditions of the reactor coolant pressure boun- (1) 1.2 General Plant Description |
dary are not exceeded. One of these circuits '
shall be designed to be available within a few (2) 3.10 Seismic Qualification of Seismic^

seconds following a loss-of-coolant accident to Category IInstrumentation and

assure that the core cooling, containment inte. Electrica! Equipment

grity, and other vital safety functions are -[

maintained. (3) 3.11 EnvironmentalQualification of
;

Safety-Related Mechanical andF
Provisions shall be included to minimize the Electrical Equipment ,

probability of losing electric power from any of :

the remaining supplies as a result of or (4) 8.3 Onsite Power Systems !4

coincident with, the loss of power generated by j
'

the nuclear power unit, the loss of power from 3.1.2.2.8.2.2 Offsite Electric Powr System
!the transmission network, or the loss of power

from the onsite electric power supplies. A part of the design of the offsite power
systems is out of the scope of the ABWR design.

3.1.2.2.8.2 Evaluatlos Agalast Cdtedon 17 A description of the offsite power system and
the scope split between the ABWR Standard Plant

3.1.2.2.8.2.1 Onsite Electric Power System 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 are [

addressed in Subsection 8.2.3 and 8.2.4 [ ;

!

3.t-11
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applicable, these parameters are given in terms Estimated chemical environmental conditions are
of a time-based profile. also reported is Appendix 31.

The magnitude and 60-year frequency of occur- 3.11.2 Qualification Tests and Analyses

rence of significant deviations from normal plantenvironments in the zones have insignif- icant h||)(afety-related electrical equipment :L :A I

(65)effects on equipment total thermal normal aging b::d' '-' - ' - - eet is qualified by
or accident aging. Abnormal conditions are test or other methods as described in IEEE 323
overshadowed by the normal or accident conditions
in the Appendix 31 tables.

Margin is defined as the difference between the
most severe specified service conditions of the
plant and the conditions used for qualification.
Margins shall be included in the qualification
parameters to account for normal variations in
commercial production of equipment and reasonable
errors in defining satisfactory performance. The

| environmental conditions shown in the Appendix 3I
tables do not include margms.

Some mechanical and electrical equipment may
be required by the design to perform an intended
safety function between munutes of the occurrence
of the event but less than 10 hours 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 than 1 hour can be justified.
Such justification will include for each 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 number of units
tested, production tolerances, and test equipment
inaccuracies

The environmental conditions shown in the
Appendix 31 tables are upper-bound envelopes 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.

3.11-1.1
Amendment 21
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and permitted by 10CFR50.49(f) (Reference 1). 3.11.4 IAss of Heating, Ventilating, and Air
Equipment type test is the preferred method of Conditioning

- n* alification.
p 6)- To ensure that loss of heating, ventilating, ;

'

halcty-related mechanical equipment that is and air conditioning (HVAC) system does not'

((i; ) located in a harsh environment is qualified by adversely affect the operability of safety-
analysis of materir.ls data which are generally related controls and electrical equipment in
based on test and operating experience. buildings and areas served by safety-related

HVAC systems, the HVAC systems serving these
The qualification methodology is described in areas meet the single-failure criterion.

detail in the NRC approved licensing Topical Section 9.4 describes the safety-related HVAC
Report on GE's environmental qualification systems including the detailed safety evalu- ,

program (Reference 2). This report also add- ations. The loss of ventilation calculations
resses compliance with the applicable portions of are based on maximum heat loads and consider
the General Design Criteria of 10CFR50, Appendix operation of all operable equipment regardless
A, and the Ouality Assurance Criteria of 10CFR50, of safety classification.
Appendix B. Additionally, the report describes
conformance to NUREG-0588 (Reference 3), and 3.11.5 Estimated Chemical and Radiation
Regulatory Guides and IEEE Standards referenced Environment ,

|
in Section 3.11 of NUREG-0800 (Standard Review
Plan). 3.11.5.1 Chemical Environment

Mild environment is that which, during or Equipment located in the containment drywell
after a design basis event (DBE, as defined in and wetwell is potentially subject to water
Reference 2), would at no time be significantly spray modes of the RIIR system. In addition, .

I

more severe than that which exists during normal, equipment in the lower portions of the contain-
test and abnormal events. ment is potentially subject to submergence. The i

chemical composition and resulting pH to which
safety-related equipment is exposed during -

normal operation and design basis accident
conditions is reported in Appendix 31.

The COL applicant will require vendors of Sampling stations are provided for periodic
equipment located in a mild environment to submit analysis of reactor water, refueling and fuel
a certificate of compliance certifying that the storage pool water, and suppression pool water
equipment has been qualified to assure its to assure compliance with operational limits of
required safety- related function in its the plant technical specifications.
applicable environment. This equipment is
qualified for dynamic loads as addressed in 3.11.5.2 Radiation Environment
Sections 3.9 and 3.10. Further, a surveillance ;

and maintenance program will be developed to Safety-related systems and components are r

ensure equipment operability during its designed designed to perform their safety-related
j hfe. (See Subsection 3.11.6). function when exposed to the normal operational

radiation levels and accident radiation levels.

3.11.3 Qualification Test Results Electronic equipment subject to radiation
The results of qualification tests for exposure in excess of 1000 R and mechanical

safety-related equipment will be documented, equipment in excess of 10,000 R will be
maintained, and reported as mentioned in qualified in accordance with Reference 1.
Subsection 3.11.6.

I

!
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7.2.2.23.2 Confo.mance to Other IEEE control valve fast closure even though these are [
Standards located in the non-seismic turbine building. ,

Since reactor high pressure and power trips are j

(1)lEEE 323. Standard for Qualifying Class IE diverse to the turbine scram variables, locating
'

Equipment for Nuclear Power Generating Sta- the sensors in the turbine enclosure does not
tions compromise the ability of the RPS to provide [

!protection action when required in addition, the
The general guide for qualifying Class IE equip- *high seismic activity" trip presides a direct scram (M;
ment is presented in Section 3.11. Records for seismic events of sufficient magnitude to
covering all essential components are main- damage the turbine building. F 4 (* % j M.cabj-
tained. 5ec 'l & C 5 1 -

7.2.23 AdditionalDesign Considerations
(2)IEEE 344, Recommended Practices for Seismic Analyses (RPS) t

Qualification of Class IE Eq dpment for Nuclear |

Power Generating Stations (1) Spurious Rod Withdrawals ;

i

~ Seismic qualification of Class IE equipment re- Spurious control rod withdrawal will not nor-
quirements are satisfied by all Class IE RPS mally cause a scram but may cause control rod |

equipment as described in Section 3.10, withdrawal block rod block is discussed in Sec-
'

tion 7.7 and is not part of the RPS. A scram will

7.2.22.4 Conformance to Branch Technical occur, however, if the spurious control rod with.

Positions drawal causes the average flux to exceed tbc trip >

setpoint, or causes SRNM short period.

(1) BTP-1CSB-12: Protection System Trip Point
Changes for Operation with Reactor Coolant (2) Loss of Plant Instrument Air System
Pumps out of Service.

Loss of plant instrument air will cause gradual .

The RPS design conforms with this position in opening of the scram vahts on the hydraulic con- [
that setpoint changes to more restrictive values trol units which will insert all control rods. Full
are accomplished automatically in conjunction insertion sill result as air pressure is lost at the
with the mode switch position. See Subsection scram vahes.

7.2.2.2 3.1(15)
(3) loss of Cooling Water to Vital Equipment

(2) BTP-lCSB-21: Guidance for Application of Reg-
ulatory Guide 1.47 There is no loss of cooling water which will di-

rectly affect the RPS.
The RPS design conforms with this position as
discussed in Subsection 7.2.2.2.4(2) (4) Plantlead Rejection

>

(3) BTP-lCSB 72 Gaidance for Application of Reg- Electrical grid disturbances could cause a signifi-

ulatory Guide 1.22. cant loss of load which would initiate a turbine
generator overspeed trip and control valves fast

The RPS design conforms with t. is position as closure which may result in a res: tor scram. The

discussed in Subsection 7.2.2.2.1(1) reactor scram occurs to anticipate an increase in
reactor vessel pressure due to shutting off the

(4) BTP-ICSB-26: Requirements for Reactor Pro- path of steam flow to the turbine. Any additional
tection System AnticipatoryTrips increa,e in pressure will be prevented by the

safety / relief valves which will open to relieve
All hardware used to provide trip signals to the reactor pressure and close as pressure is reduced.

RPS is designed in accordance with IEEE 279 The reactor core isolation cooling (RCIC) or
and is considered safety grade. This includes the high pressure core flooder (HPCF) systems will
sensors for turbine stop valve closure and turbine automatically actuate and proside vessel malcup

water if required. ,

,

Ameramem 5 7.2-27
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7.3.2.2.2 Speelfle Regulatory Requirements Con. - dant divisions.
,

formance ..

[All'of these signals are multiplexed and ;

Table 7.1-2 identifies the leak detection - passed through fiber optic medium befere . [

and isolation system and the associated codes and entering the voting logic of the redundant- i

standards applied in accordance with the Standard - divisions involved in the isolation valve {

Review Plan. The following analysir lists the ap- logic. Separation and isolation are thus- |
~

plicable criteria in order of the listing on the preserved both mechanically and electri - j

cally in accordance with IEEE 279 and i
table, and discusses the degree of conformance -

,

for each. Any exceptions or clarifications are Regulatory Guide 1.75. /" fi'N M' ' #*' e !

Sn 4A . % 7 Wh{so noted.
Other requirements of IEEE 279 such as - j

(1) 10CFR50.55a (IEEE 279):
testing, bypasses, manual initiation, ,

logic scal in, etc., are described in_ Sub-
'

The leak detection and isolation system is a section 7.3.1.1.2. ,

four-division system which is redundantly de- ;
4

signed so that fai!ure of any single element (2) Gener:.! Design Criteria (GDC):
'

|will not interfere with a required detection
of leakage or isolation. In accordance with the Standard Review !

Plan for Section 7.3, and with Table ;

All components used for the safety isolation 7.12, the following GDCs are addressed ;

functions are qualiEed for the environments for the LDS: |
;

in which they are located (Sections 3.10 and .

i
3.11). Most initiation parameters are repre. (a) Criteria: GDCs 2, 4,-13, 16, 19, 20,
sented by all four divisions which actuate 21, 22, 23, 24, 29, 34, 35, 38, 41,. |

the isolation functions via two out-of four and 44 |
logic permissives. Most of the sensors are ,

provided by the ' nuclear boiler system. (b) Conformance: The 1.DS is in ful! compli- |

These instruments are shared b3 the ECCS as ance with all GDCs identified in (a) :

well as the RPS and other systems which as discussed in Subsection 3.1.2. _i
|

require actuation signals from these essen- .

-[tial variables. However, each system re- The following clarification should be
ceives all four signals as input to its own made with respect to GDC 23: The RPS |

:
unique voting logic incorporated in the is designed to fail in a safe state.
safety system logic and control (SSLC) (i.e., de energize to actuate). This :

'
network. If individual channels are by. is also true for most isolation valves

i
passed for service or testing, the voting including the MSIVs. However, the RHR

and RCIC isolation valves are designed !
logic reverts to two out of-three, to ffail as is* in that these are |

*

The containment is divided into four qua. motor-operated valves and require
i

drants, each housing the electrical equip- power to both open and close. In addi- I

ment which, in general, corresponds to the tion, should the RHR or RCIC be in op-

mechanically separated divisions assigned to eration when valve power is lost, it .!

cach section (i.e., mechanical divisions A, essential there valves remain open so |

B, C, and D correspond with electrical divi- the systems can continue their safety ,

sions I, II, III and IV, respectively). functions. i
"

;
Some exceptions are necessary where a given
mechanical division has more than one elec- (3) Regulatory Guides (RGs):

;

|trical division within the quadrant. For
caample, the MSIVs have redundant solenoid In accordance with the Standard Review |

Plan for Section 7.3, and with Table j
operators' which require separate divisional
power interfaces. However, electrical 7.12, the following RGs are addressed for 1

separation is maintained between the redun- the LDS: f
|,

Amendment 4 i
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to the remote shutdown system. A}f Con rdl 0[ a / ncCc5f0Fj
fcoce supp cf cirecr u

I prpuS pcrreg Tgdpply cir
her sou(joits are alsnecesjsty power- - - -

b\ tratrsferred to 4 JOces.f R em ot e IS
g O'0l shutdown control is not possible without i d1C l'CW N" 6 l''#

" '

\

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.

:

9

!
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8.1 INTRODUCTION The 1500MVA main power transformer is a bank
'

of three single phase transformers. One single phase - :

8.1.1 Utility Grid Description - installed spare transformer is provided. [

The description of the utility grid system is out of A main generator circuit breaker capable of I $

the AB%R Standard Plant scope, however there are interrupting the maximum available fault current is : :

interface requirements contained in Section 82.3.1 provided. This allows the generator to be taken off
which must be complied with by the Utility. line and the main power transmission system to be |

7

.

-

utilized as a power source for the uni! auxiliary
8.1.2 Electric Power Distribution System transformers and their loads, both Class IE and .;

non-Class 1E. This is also the start-up power source |
8.1.2.0 Definitloas for the unit. J

!

The definitions used throughout Chapter 8 are There are three unit auxiliary transformers, i
'!

consistent with Section 3 of IEEE 308 with the connected to supply power to three approximately

following important clarifications for the AB%R: equalload groups of equipment. The " Normal
Preferred" power feed is from the unit auxiliary j

division. The designation applied to a given safety transformers so that there normally are no bus ;
l

related system or set of components that enables the transfers required when the unit is tripped off the
establishment and maintenance of physical, line. T :

(NAII !electrical, and functionalindependence from other
redundant sets of components. (The term ' safety One, three-wind g 37.5gVA unig reserve
related"is added to the IEEE 308 definition.) auxiliary transformerM i _ _ a proddepower via

one secondary winding for the Class 1E bdses as an - | [

load group. An arrangement of buses, transformers, alternate to the * Normal Preferred * power. The !

switching equipment, and loads fed from a common other secondary winding supplies reserve power to- |

power supply. (The last three words *...within a the non Class 1E buses. This is truly a reserve; | .j
6

division" are deleted with respect to the IEEE 308 transformer because unit startup is accomplished -

definition.) A load group may be safety-related or from the normal preferred ' power, which is backfed ,

non-safety-related depending on its common power from the offsite power transmission system over the | ;

supply. main power circuit to the unit auxiliary transformers.- |

The two low' voltage windings of the reserve !
~

safety related. Any Class 1E power or protection transformer are rated 18.75 MVA cach.

system device included in the scope of IEEE 279 or j
IEEE 308. (This term is explicitly defined in IEEE 8.1.2.2 Description of Oasite AC Power Distribution

100, though not in IEEE 308.) Note that " safety Systema
<

.!related" includes both electrical and non-electrical .

f
equipment, whereas * Class IE* pertains only to Three non Class 1E buses and one Class IE'
electrical equipment (i.e., any equipment which has division receive power from the single unit auxiliary |

2

an electricalinterface). transformer assigned to each load group. Load
groups A, B and C line up with Divisions I,11 and Ill. |'

8.1.2.1 Description of Offsite Electrical Power respectively. One winding of the reserve auxiliary

i System transformer may be utilized to' supply reserve power ;

to the non-Class 1E buses either directly or indirectly ~ -!
-

The scope of the offsite electrical power system through bus tie breakers. The three Class IE buses*

includes the entire transmission line system and the may be supplied power from the other winding of the ;

transmission lines coming into the switchyards to the amiliary transformer. .

termination of the bus duct and power cabl~ int the ci,3s gr j '
e ,

input terminals of the circuit breakers for(thej6.9KV /A combustion turbine generator supplies standby
switchgear. The applicant has design respn=thility / power to permanent non-Class IE loads. These ,

for portions of the offsite power system. The scope loads are grouped on one of the 6.9KV buses per ;

split is as defined in the detailed description of the load group. Power is also provided from the .

offsite power system in Section 8.2.1.1. combustion turbine generator to the three Class 1E | |
.

medium voltage buses via breakers that are normally |

*
;

8.1-1 !
Amendment l
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racked out for Divisions I and III and remote
manually closed under administrative control for
Dinsion II.

In general, motors larger than 300 KW are
i supplied from the 6.9Kv (M/C) bus. Motors 300KW

or smaller but larger than 100KW are supplied
j power from 480V power center (P/C) switchgear.

Motors 100KW or smaller are supplied power from

| 480V motor control centers (MCC). The 6SKV and
4S0V single line diagrams are shown ia Figure 83-1,

During normal plant operation all of the non-
Class IE buses and two of the Class IE buses are

I supplied with power from the main turbine generator
through the unit auxiliary transformers. The
remaining Class 1E bus is supplici 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 generator standby ac power supplies
provide a separate onsite source of power for each

| Class IE division when normal or alternate
preferred power supplies are not available. The
transfer from the normal preferred or alternate

.

.

81-11
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preferred power supplies to the diesel generator is provide the redundancy for various instrumentation,

automatic. The transfer back to the normal logic and trip circuits and solenoid valves. The SSLC

preferred or the alternate preferred power source is power supply is further described in Subsection
a manual transfer. 8.1.3.1.1.2.

The Division I, II, and III standby ac power 8.1.2.3 Safety loads

supplies consist of an independent 6.9Kv Class 1E '

diesel generator, one for each division. Each DG The safety loads utilize various Class 1E ac
may be connected to its respective 6.9Kv Class 1E and/or de sources for instrumentation and motive or

| switchgear bus through a circuit breaker located in control power or both for all systems required for

the switchgear. safety. Combinations of power sources may be
involved in performing a single safety function. For

The standby ac power system is capable of example, low voltage de power in the control logic

| providing the required power to safely shut down the may provide an actuation signal to control a 6.9kV
reactor after loss of preferred power (LOPP) and/or circuit breaker to drive a large ac-powered pump

| loss of coolant accident (LOCA) and to maintain the motor. The systems required for safety are listed
safe shutdown condition and operate the Class 1E below-

| auxiliaries necessary for plant safety after shutdown.
(1) Safety System Logic and Control Power Supplies

| The plant 480 VAC power system distributes including the Reactor Protection System

sufficient power for normal auxiliary and Class IE
480 volt plant loads. All Class IE elements of the (2) Core and Containment Cooling Systems

1480 V power distribution system are supplied via the
6.9Kv Class 1E switchgear and, therefore, are (a) Residual Heat Removal System (RHR)

capable of being fed by the normal preferred,
alternate preferred, standby or combustion turbine (b) High Pressure Core Flooder (HPCF)
generator power supplies. System

The 120 VAC non-Class IE instrumentation (c) Automatic Depressurization System (ADS)

power system, Figure 8.3-2, provides power for
non-Class 1E control and instrumentation loads. (d) leak Detection and Isolation System (LDS)

(e) Reactor Core Isolation Cooling System
The Class IE 120 VAC instrument powt.r (RCIC)

system, Figure 8.3-2, provides for Class 1E plant
controls and instrumentation. The system is (3) ESF Support Systems

separated into Divisions I, II and III with distribution
panels fed from their respective divisional sources. (a) Diesel generator Sets and Class IE ac/dc

power distribution systems.

The 125V de power distribution system provides
four independent and redundant onsite battery (b) HVAC Emergency Cooling Water System
sources of power for operation of Chst IE de loads. (HECW)
The 125V de non-Class 1E power is supplied from
three 125V de batteries located in the turbine (c) Reactor Building Cooling Water (RCW)
building. A separate non-Class 1E 250V battery is System

provided to supply uninterruptible power to the plant
computers and non-Class 1E de motors (See Figure (d) Spent Fuel PoolCooling System

8.3-4).
(c) Standby Gas Treatment System (SGTS)

The safety system and logic control (SSLC) for
RPS and MSIV derives its power from four uninter- (f) Reactor Building Emergency HVAC System

j ruptible 120 VAC divisional buses (See Figure 8.3-3).
The SSLC for the ECCS derives its power from tbc (g) ControlBuildingHVACSystem

four divisions of 125V de buses. The four buses

81-2 |
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1

|

|



-. .- -

:

h

23A6t00AG' ..

Standard Plant arv 3 -|

(h) High Pressure Nitrogen Gas Supply System only one of the offsite power supplies. The transfer -|
to the other preferred feeder is manual. During the || j

(4) Safe Shutdowm Systems interim, power is automatically supplied by the diesel |
generators. |

(a) Standby Liquid Control System (SLCS) -
The redundant Class IE electrical divisions I !

(b) Nuclear Boiler System (Divisions I, II, and III) are provided with separate (
. .

onsite standby ac power supplies, electrical buses,' I

(i) Safety / Relief Valves (SRVs) distribution cables, controls, relays and other
(ii) Steam Supply Shutoff Portion electrical devices. Redundant parts of the system are

physically separated and electricallyindependent to .1

(c) Residual Heat Removal (RHR) system the extent that in any design basis event with any. :;
decay heat removal resulting loss of equipment, the plant can still be shut ,

down with the remaining two divisions. Independent _j

| (5) Safety-Related Monitoring Systems raceway systems are provided to meet cable separa- i
'

tion requirements for Divisions I, II, and III.'

(a) Neutron Monitoring System :

Divisions I,II, and 111 standby ac power supplies ;I

(b) Process Radiation Monitoring System have sufficient capacity to provide power to all their {
respective loads. Loss of the normal preferred

-

(c) Containment Atmosphere Monitoring power supply, as detected by 6.9Kv Class 1E bus |

System under-voltage relays, will cause the standby power j

supplies to start and connect automatically,in suffi- {

(d) Suppression Pool Temperature Monitoring cient time to safely shut down the reactor or limit thel 1. !
!

System consequences of a design basis accident (DBA) to
acceptable limits and maintain the reactor in a' safe |

For detailed listings of Division I,II and III loads, condition. The standby power supplies are capable }

see Tables 83-1 and 83-2. of being started and stopped manually and are not q !

stopped automatically during emergency operation .O. ~!

8.1.3 Design Bases unless required to preserve integrity. Automatic b {
.

start will also occur on receipt of a level 11/2 signal [ '

8.1J.1 Safety Design Rases--Onsite Power (HPCFinitiate), level 1 signal (RHR initiate) and {
'

high drywell pressure.
-

.-

8.1J.1.1 General Functional Requirements
'

( $ f.

iThe Class 1E 6.9Kv Divisions 1, II, and lift c 1
8.13.1.1.1 Onsite Power Systems--General switchgear buses, and associated 6.9Kv diesely f: i

generators,480 VAC distribution systems,120 VACQ !

The unit's total Class 1E load is divided into three and 125 VDC power and control systems conform tov - !

divisions. Each division is fed by an independent- Seismic Category I requirementr # joused in d
6.9Kv Class 1E bus, and each division has access to Seismic CategoryI structure Seismic Qualification - (f2j
one onsite and two offsite power sources. An is in accordance with IEEE Standard 344. (See - j

,yfef pgggt
additional offsite power source is provided by the Section 3.10) ceRMgg,,4 ae h,s(c'cb Ss5 fee ,,Csec !
combustion turbine generator (CTG). A esgri 'on
of the CTG is provided in Section 9.5. .' 8.13.1.1.2 SSLC (Safety System Logic and %S~EU/ "N -

ofOde Control) Power Supply System Design Bases % ",

In order to provide redundant, reliable power of -' ggg}Each of the two normally ener ' .ed of e po er
Jfeeders (i.e., normal preferre an altor'nate

preferred power) are provided for the Dinsions 1, Il acceptable quality and availability to support the ' .;s

and 111 Class IE systems. Normally two divisions are safety logic and control functions during normal, . 1
'

? fed from the normal preferred power source and the abnormal and accident conditions, the following |

pW4 division is fed from the alternate preferred design bases apply: ,

!i power source. Both feeders are used during normal '

plant operation to prevent simultaneous
'

deenerp tion of all divisional buses on the loss of

B.13 ,
Amendment
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(1) SSLC power has four separate and independent 6. Indication is provided in the control room of
Class IE inverter constant voltage constant protective actions and execute features
frequency (CVCF) power supplies each backed unavailability.

by separate Class 1E batteries.
7. Electric power systems and equipment has the ,

(2) Provision is made for automatic switching to the capability of being periodically tested.

| alternate bypass supply from its respective
division in case of a failure of the imerter power 8. Testability of electrical systems and equipment

s u p ply. The inverter power supply is is not so burdensorne operationally that
synchronized in both frequency and phase with required testing intervals cannot be included.

the ahernate bypass supply, so that unacceptable
voltage spikes will be avoid case of an 8.13.1.2 Regulatory Requirrments

automatic transfer from ormal t alternate
supply. The SSLC un' ter- ru le power The following list of criteria is addressed in
supply complies with IE S accordance with Table 8.1-1 which is based on Table

8-1 of the Standard Resiew Plan. In general, the

8.13.1.13 Controls and Indication ABWR is designed in accordance with all criteria.
Any exceptions or clarifications are so noted.

The ABWR electrical system design provides
controls and indicators in accordance with IEEE 308 8.13.1.2.1 General Design Criteria

guidelines. The specific design bases are described
as follows: (11 GDC2- Design Bases for Protection

against Natural Phenomena;

1. The ABWR electrical system provides controls
and indicators in the main control room. (2) GDC4- Environmental and Dynamic

EITects Design Bases;

2. The design provides for control and indication
outside the main control room for; (3) GDC5- Sharing of Structures, Systems and

Components;

a. Circuit breakers that switch Class IE buses
between the preferred and standby power The ABWR is a single-unit plant design.
supply, Therefore, this GDC is not applicable,

b. The standby power supply, and (4) GDC 17 - Electri' Power Systems;

c. Circuit breakers and other equipment as (5) GDC 18 Inspection and Testing of
required for safety systems that must Electrical Power Systems;

function to bring the plant to a safe
shutdown condition. (6) GDC 50 - Containment Design Bases.

3. Operational status information is provided for 8.13.1.2.2 NRC Regulatory Guides

Class 1E power syaems.
(1) RG 1.6 - Independence Between

4 Class IE power systems required to be Redundant Standby (Onsite)

controlled from outside the main control room Power Sources and Between Their

also have operational status information Distribution Systems;

provided outside the central control room at the
equipment itself, or at its power supply, or at an (2) RG 1.9 - Seiection, Design and

ahernate centrallocation. Qualification of Diesel generator i
1Units Used as Standby (Onsite)

5. The operator is provided with accurate, Electric Power Systems at Nuclear

complete, and timely information pertinent to Power Plants;

the status of the execute features in the control |
lroom.
l

8 I-8
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(3) RG 132 - Criteria for Safety-Related Electric (13) RG 1.153- ' Criteria for Power, Instrument- |
Power Systems for Nuclear Power

,

ation, and Control Portions of
. _ Plantsi-g M Safety Systems;

C)Iuee4ieval eperaft& c1 ,3

A/uses cannot be periodically tested andpre (14) RG 1.155- Station Blackout |
exempt from such requirements per Section w (See A#eadir iC)
4.1.7 of IEEE 741. huur$ fer'ech c aved' d" ~, N

Qu cc-11 eu,(g cc riect S o; e , cic,, S Iv : te prrderen!.
(4) RG 1.47 - Bypassed and Inoperable Status

'

Indication for Nuclear Power Plant
Safety Systems;

(5) RG 1.63 - Electric Penetration Assemblics in
Containment Structures for
Light-Water-Cooled Nuclear
Power Plants;

(6) RG 1.75 - PhysicalIndependence of Electric
Systems;

Isolation between Class 1E power supplies and
non-Class IE loads is discussed in Subsection
8.3.1.1.1.

(7) RG 1.81 - Shared Emergency and Shutdown
Electric Systems for Multi-Unit
Nudear Power Plants;

The ABWR is designed as a single-unit plant.
Therefore, this Regulatory Guide is not
applicable. ,

(8) RG 1.106- Thermal Overlosd 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 Nuclear
Power Plants;

(10) RG 1.118- PeriodicTesting 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
Batteries for Nuclear Power Plants;

8141
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8.13.1.23 Branch Technical Positions (3) TMI Action item ILG.1-Emergency Power for
Pressurizer Equipment;

(1) BTP ICSB 4 (PSB) - Requirements on Motor-
Operated Valves in the ECCS Accumulator This criteria is applicable only to PWRs and
Lines; does not apply to the ABWR.

This BTP is written for Pressurized Water 8.1.4 COL License Information
Reactor (PWR) plants only and is therefore rot
applicable to the ABWR. 8.1.4.1 Diesel Generator Reliability

(2) BTP ICSB 8 (PSB) - Use of Diesel generator NUREG/CR 0660 pertaining to the enhancement
Sets for Peaking; of onsite diesel generator reliability through

operating procedures and training of personnel will
The diesel generator sets are not used for be addressed by the COL applicant (see Subsection
peaking in the ABWR design. Therciore, this 8.13.1.2.4(1)).
criteria is satisfied.

8.1.5 References
(3) BTP ICSB 11 (PSB) - Stability of Offsite Power

Systems; IEEE Std 944, Recommended Practice for the
Application and Testing of Uninterruptible Power

(4) BTP ICSB 18 (PSB) - Application of the Single Supplies for Power Generating Stations.
Failure Criterion to Manually-Controlled
Electrically-Operated Vahrs;

(5) BTP ICSB 21 - Guidance for Application of
Regulatory Guide 1.47;

(6) BTP PSB 1 - Adequacy of Station Electric
Distribution System Voltages;

(See Subsection 83.1.1.7 (8))

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

8.13.1.2.4 Other SRP Criteria

(1) NUREG/CR 0660 - Enhancement of Onsite
Diesel Generator Reliability;

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 8.1.4.1).

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

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

B.1-5
Amendment
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8.2 OFFSITE POWER SYSTEMS 52 interface requirements) consistent with these .. !

concepts are included in Section 8.2.3,6 TL4 !

8.2.1. Description
^

, Meeting the stated design bases will
ensure that the total power system design is

8.2.1.1 Scope consistent and meets all regulatory requirements. |
-
.

t

This section provides a description of the design The portions of the offsite power system which t

and performance requirements for the offsite power fall under the design responsibility of the COL- I

system. The offsite power system, as defined in the applicant will be unique to each COL application. It !
:USNRC Standard Review Plan Section 8.2, consists is the responsibility of all concerned parties to insure

of the following: that the total completed design of equipment and [

J systems falling within the scope of this SSAR section

(Applicant Scope) be in line with the description and requirements , |
i

a) The offsite transmission system [ including stated in this SSAR.' See Section 8.2d for a detailed

the tie lines to the switchyard (s)M listing and description of the C L license i
!b) The plant switchyard (s), information, q

,

ic) The separated switching stations,
d) The high voltage tie lines from the switching 8.2.1.2 Description of Offsite Power System !

stations to the main power transformers, and -f' 3 |

to the reserve auxiliary transformer, The offsi electr power system components I

e) The main step-up power transformers, within th scope the applicant include items a) t

- -$> through ) ident' sed in Subsection 8.2.1.1. The ['

(A Standard Plant Scope) remaining items through n) are within the scope of
'

m) The reserve auxiliary transfodner,) the ABWR standard plant design. .!f-

|
g) The three unit auxiliary transformers,
h) The plant main generator, When used for normal operation, each preferred ;

i) The combustion turbine generator, power supply will be sized to supply the maxiinum ;

j) The isolated phase buses from the main expected coincident Class 1E and non Class IE |

power transformer to the main generator loads. ,

!circuit breaker, and to the unit auxiliary
!

4

transformers, The normal and alternate preferred power
k) The main generator circuit breaker, circuits are designed in accordance with industry- :

1) The non-segregated phase buses from the recommended practice in order to minimize the i

unit auxiliary transformers to the input likelihood that they will fail while operating under i

terminals of the medium voltage (6.9 kV) the environmental conditions (such as, wind, ice, ,

switchgear, snow, lightning, temperature variations, or flood), to 'f

m) The non-segregated phase bus and power which they are subject. ;
i

cables from the reserve auxiliary transformer
!

to the input terminals of the non-safety Air cooled isolated phase bus duct rated 36kA is
" related and safety-related medium voltage provided for a power feed to the main power4

(6.9 kV) switchgear, and transformer and unit auxihary transformers from the :

n) The power cables from the combustion main generator. ;,

!turbine generator to medium voltage (6.9
,

kV) switchgear, including the disconnect and A generator circuit breaker is provided in the | ,

inter dngbus. isolated phase bus duct at an intermediate location ,

between the main generator and the main power

The design scope forJhe standard plant ends at transformer. The generator circuit breaker provided I |
<

the low voltage te in f the main power is capable of interrupting a maximum fault current of i,

transformer and th ge terminals of the 275kA symmetrical and 340kA asymmetrical at 5

reserve auxiliary ans r er. Although the cycles after initiation of the fault. This corresponds |

| remainder of the off e power system is not in the to the maximum allowable interface fault current |

scope of the standard plant design, the standard specified in Section 8.2.3. The main generator circuit | |'

I plant design is based on a power system which meets
breaker allows the generator to be taken offline and

*

4

certain design concepts. Design bases (10CFR Part the main grid to be utilized as a power source by ,

d
+
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backfeeding to the unit auxiliary transformers and
their loads, both Class 1E and non-Class IE. This is
also the start-up power source for the unit.

Unit sychronization will normally be through the
j 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 generator
circuit oreaker 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 8.23).

T'aere are three unit auxiliary transformers. Each
transformer has three windings and each trans-
former feeds one Class 1E bus directly, two non-
Class 1E buses directly, and one non-Class 1E bus

,

82-13
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indirectly through a non IE to non IE bus tie. The The unit auxiliary (and rpfrq) transformers are '

medium voltage buses are in a three load group designed and constructed to withstand the
arrangement with three non-Class IE buses and one mechanical and thermal stresses produced by
Class IE bus per load group. Each unit auxiliary external short circuits. In addition, these

transformer has an oil / air rating at 65 degrees transformers meet the corresponding requirements

centigrade of 37.5Mva for the primary winding and of the latest revision of ANSI Standard C57.12.00.

| 18.75Mva for each secondary winding. The forced [See 8.2.3(8) fo'r{ " rg# l.2.uireg*ent on thgmai
air / forced oil rs:ing is 62.5 and 31.25/31.25Mva step-up transforme See Ofo'r

*

respectively. The normal loading of the six requirements on the high-voltage circuit breakcD F#O
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 auxiliary transformers is protection, and instrument DC power from
out of senice with the plant operating at full power. non-Class IE DC sources in the same non-Class IE
Under these conditions the heaviest loaded winding load group, and are independent of the Class 1E DC

experiences a load of 21.6Mva, which is about two sources.

| thirds of its forced air / forced oil rating. ,

8.2.1.3 Separation
Disconnect links are provided in the isolated phase

bus duct feeding the unit auxiliary transformers so The location of the main power transformer, unit I
that any single failed transformer may be taken out auxiliary transformers, and reserve auxiliary
of senice and operation continued on the other two transformer are shown on Figure 8.2-1. The reserve

unit auxiliary transformers. One of the buses auxiliary transformer is separated 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 (50 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 senice. switching stations and the incoming tie lines. The j

transformers are provided with oil collection pits and

One, three-winding 37.5MVA reserve auxiliary drains to a safe disposal area,

transformer provides power as an alternate to the
' Normal Preferred' powe.r. One of the equally rated Reference is made to Figures 8.31 for the single

s:condary windings supplies reserve power to 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 supplies reserve power to the offsite circuit from the reserve auxiliary transformer

three Class IE buses. The combined load of the to the Class IE 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 ggmain and unit auxiliary transformers. The circuits
equal to 60% of the forced air / forced oilpatmg of associated with the normal preferred offsite circuit

the transformer winding. The transformer is truly a from the unit auxiliary transformers to the Class IE
reserve transformer because unit startup is busses are separated by walls or floors, or by at least

acco nplished from the normal preferred power, 15.24 meters (50 feet), from the reserve auxiliary
which is 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
floors and walls over their routes through thetransformer serves no startup function. 3
turbine, control and reactor buildings except within'

d [ 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 ensite power distribution system to plus or The normal preferred feeds from the unit

i minus 10 percent of load rated voltage during all auxiliary transformers are routed aivand the outside

y modes of steady state operation and a voltage dip of of the turbine building in an electrical tunnel from

no more than 20 percent durmg motor starting. the unit auxiliary transformers to the turbine building'

switchgear rooms as shown on Figure 8.2-1. (An

''-~~N
-

/ ,

Amendment ]hC OfOn 11M i ceb q m a4 '% mr SO .
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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 III 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
111 side of the reactor building to the respective Class
IE 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 controlbuilding from ihe
route for the normal preferred power feeds. The
steam tunnel is located between the normal
preferred feeds and the alterr. ate 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 reactor building.

Instrument and control cables associated with the
O DCnormal preferred power distribution are separated C i " # ' 1.r # n t>c C e * Tre I Pot ''',

[i.e., by 15.24 meters (50 feet), or by walls or floors]
from the instrument and cortrol cables associated
with the alternate preferred rower dioributinn wit

- % c5 e .exception of thepnterlock circuitry required to Neuerer, AC , r eve 4 Mplevent paralleling of the two offsite sources. p
Clerfr'ca M i 5 v /a k d <> a /(Separation of I&C cable for unit auxiliary to M er 4c"7 P" '" b

| transformers is equivalent to that provided for the Sefarote
ds kower feeder cables.f The reserve auxiliary

( !G i translormer power, instrument and control cables do
'

not share raceways with any other cables.

E.2 2.1
Arnendrnent
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The instrumentation and control cables for the unit offsite power distribution system is designed i

anrbry transformers and the main generator circuit consistent with the following criteria, so far as it l
breaker may be routed in the raceways corre- applies to the non-Class 1E equipment. Any j
sponding to the load group of their power source. cxceptions or clarifications are so noted. t

:

Feeder circuit breakers from the unit auxiliary R.2.2.1 General Design Criteria j
e

and reserve auxiliary transformers to the medium
voltage (6.9 kV) switchgear are interlucked to (1) GDC 5 and RG 1.81 - Sharing of Structures, |

prevent paralleling the normal and alternate power Systems and Components;

sources. With exception of these interlocks, there j

are no electrical interconnections between the The ABWR is a single unit plant design. :
?

instrument and control circuits associated with the Therefore, these criteria are not applicable.

normal preferred circuits, and those of the ahernate
preferred circuits. (2) GDC 17 - Electric Power Systems;

Class IE rotating equipment, which could Each circuit of the preferred power supply is !
'

produce potential missile hazards, are not located in designed to provide sufficient capacity and
the same rooms as feeder circuits from the offsite to capability to power equipment required to ensure |

the Class 1E busses, unless protective barriers are that: 1) Fuel design limits and design conditions j

installed to preclude possible interaction between of the reactor coolant pressure boundary will not 1

offsite and onsite systems. be exceeded as a result of anticipated operational ;

occuirences, and 2) la the event of plant
A combustion turbine generator (CTG) supplies design-basis accidents, the core will be cooled,

standby power to the ngC1, ass,1gg g-;(qg g and containment integrity and other vital
,

buses which supply the --- = - functions will be maintamed. -i
r , '

loads. It is a 9MW rated self-contained unit which is
I

capable of operation without external auxiliary As shown in Figure 8.3-1, each of the Class IE -

systems. Although it is located on site, it is treated as divisional 6.9 kV M/C buses can receive power .

an additional offsite source in that it supplies power from multiple sources. There are separate utility 1

| to multiple load groups. In addition, manually feeds from the station transmission system (via !
controlled breakers provide the capability of the main power transformer and the reserve
connecting the combustion turbine generator to any auxiliary transformer). The unit auxiliary

| of the emergency buses if all other AC power transformer output power feeds and the resent -

sources are lost. auxiliary transformer output power feeds are
routed by two completely separate paths through . ,

la this way, the GG provides a second "offsite* the yard, the turbine building, control building i
!

power source to any Class IE bus being fed from the and reactor building to their destinations in the

reserve auxiliary transformer while the associated emergency electrical rooms. Although these 3

unit auxiliary transformer is out of service. preferred power sources are non-Class IE, such I !

separation assures the physicalingdopendenec
>

The combustion turbine generator (CTG)is requirements of GDC 17 are pre )
located in the turbine building, and is shown on pep a rM C /

Figure 8.2-1, Sheet 2. The GG standby power feed The transformers are proi ed wnhpil collection ;
'

and instrument and control cables for the turbine pits and drains to a gfc dispsal' area.-m
~buildingYrouted direaly to the switchgear rooms in Separation of offsite equipment is discussed in ,

the turbine building. The power feeders and 8.2.1.3. The plant fire protection system is ;

instrument and control cables to the reactor building d;uwd in 9.5.1. !
_

are routed adjacent to the alternate preferred feeds ;

across the control and reactor buildings. (3) GDC 18 - Inspection and Testing of Electrical
'

Power Systems;
;

8.2.2 Analysis _ _ ,

The ma,n generator circun oreater opens on a ;iL

In accordance with the NRC Standard Review Plan turbine trip to maintain the normal preferred power ;

(NUREG 0800), Table 8-1 and Section 8.2, the supply to the Class IE buses. This breaker cannot be
*

8N
A m n6 m nt

.
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tested during normal operation of the plant. Cd" bC teIYEGenerator breakers are extremely reliable and can ail CGvfPWC"i~

.
be tested during plant shutdown. See 8.23. a3 oeee;;pecy to v;Iwe ccaff e/

,

a n d safe ep,cra t a , e 4 O c p'a c.
-q'

All other equipment can either be tested during 7 ,r g e g ,g,,.c.,7 got.,,c6 co ,e,f he1
l normal plant operation or is continually tested by jg3fgg dvr,D peaf ep&d'Ml

<

virtue of its operation during normal plant operation g ., g lf gg g g ,j
and its remaimng m the same state to supply normal ,

preferred power to the Class IE buses following a M ' 'J C# " E /C*Of"'YI MW'N
[I " I ,. M d d N '? ( Eer cra **f c, -/ Ee# i

turbine trip. g e<rra'or c ar e b, m) .~<n

(I L4 Isolatei and non-segregated phase bus ducts ,$ e c F.9 Y [tr CCL /<ce re
.

iproside access for inspection and npintenance. They j k (r r w vf ( 3 7.
f 9 'f

,

8 also have provisions for excluding n ris had fluids,
lG and for draining condensa[es - hp/ABWR is - #

i[v'3 signed to '' ^ ~ testing and/d verification co/* 'j C
o

described above, includmgVe items identified in

3,7 .t| d .

(4) RG's 132,1.47, and BTP ICSB 21;

These distribution load groups are non-Class IE
and non-safety related. Therefore, this criteria
is not applicable.

(5) RG 1.153--Criteria For Power, Instrumentation
and Control Portions of Safety Sysems

(6) RG 1.155--Station Blackout(See Aye.Ja IC
(7) BTP ICSB 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,

6.2-3.1
Amendment

__
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I therefore compliance with the appendix is

( assured.

(9) IEEE Std 765,IEEE Standard for Preferred
Power Supply for Nuclear Powered Generating
Stations

It is a requirement that the total design provided (5) The main and reserve offsite power circuits shall I

by GE and the applicant meet the requirements be connected to switching stations which are
independent and separate. They shall be

b of this IEEE standard as modified by thefMbub;; pecific additional requirements and connected to different transmission lines. The
explanatory statements in Table 8.2-1. The offsite transmission line to the main power
additional requirements are more restrictive switching station, the main power switching
than the requirements which they replace or station, the tic lines from the main power
modify from the IEEE standard. Any stated switching station to the main power transformer
requirements in the SSAR which are in conflict and the main power transformer shall be
with the requirements stated in this standard separated by a minimum of 15.24 meters (50
take precedence over the requirements of the feet) from the offsite transmission line to the
standard. reserve power switching station, the reserve

MCNG k Power switching stadon, the tie lines from the
(NI) | 8.2.3 COL Ucc e%c .d.eyit e menf.CJee reserve power switching station to the reserve y
pL y "7 auxiliary transformer, and the reserve pwe1"

The standard design of the ABWR is based on auxiliary transformer. The output feederr of the ,

--

Nu certain assumptions concerning the design bases reserve auxiliary transformer to the medium

ef M Y j which shall be met by the COL applicant in designing voltage (6.9 kV) switchgear shall be separated

' f,') the portion of the offsite power system in his scope, from the output of the main power and unit( as defined in Section 8.2.1.1. Those design bases auxiliary transformers by a minimum of 15.24

assumptions are listed here which the COL applicant meters (50 feet) outside the turbine building or

| shall meet. as described in Section 8.2.1.3. Instrument and
control circuits of the main and reserve power

(1) In case of failure of the normal preferred power systems shall be separated in the same manner as

supply , the alternate preferred power should the power feeders. The switching stations may
remain available to the reserve auxiliary be in the same switchyard or separate
transformer. switchyards provided the required minimum

separation is maintained

| (2) Voltage variations of the transmission system
shall be no more than plus or minus 10 percent (6) The switching station to which the main offsite
of their nominal value during normal steady power circuit is connected shall have at least two

state operation. full capacity main buses arranged such that:

(a) Any incoming or outgoing transmission line ,

can be switched without affecting another

(3) The normal steady state frequency of the line;

transmission system shall be within plus or
minus 2 cycles per second of 60 cycles per (b) Any single circuit breaker can be isolated |

second during recoverable periods of system for maintenance without interrupting .

instability. service to any circuit; |

(4) The site specific configuration of the incoming (c) Faults of a single main bus are isolated ;

transmission lines shall be analyzed to assure without interrupting service to any circuit.

that the expected availability of the offsite power ,

is as good as the assumptions made in (7)The main power transformer shall be three
performing the plant probability risk analysis normally energized single. phase transformers |

(see item 5.1.2 of Table 8.2-1, and Chapter 19). with an additionalinstalled spare. Provisions |

Amendment

i
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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.

(8) The main transformer shall be designed to
meet the requirements of ANSI Standard
C5 7.12.00, General Requirements for
Liquid-Immersed Distribution, Power and
Regulating Transformers.

(9) Transformers shall be provided with separate
oil collection pits and drains to a safe disposal
area, and shall be prosided with fire protection
deluge systems as specified in Section 9A.4.6.-

Transformers shall also be provided with
lightning protection systems and grounded to
the plant grounding grid.

(10) 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.

BM
Amendment
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j (11) Although unit synchronization is normally The normal and alternate offsite power .

| through the main generator circuit breaker, circuits are energized and connected to the '

provisions shall be made to synchronize the appropriate Class 18 distribution system ,

unit through the switching station's circuit division at least once every 12 hours.
breakers. This makes it possible to (d ! i

re-synchronize with the system following a load g) The instrumentation, coatrol, and !
'

'

rejection within the steam bypass capability of - protection systems, equipment, and
the generating unit. components associated with the normal and |

'alternate offsite preferred circuits are ,

(12) All relay schemes used for protection of the properly calibrated and perform their' 1

offsite power circuits and of the switching required functions. ;

station's equipment shall be redundant and (j f
|

include backup protection features. All The required Class 1E and non-Class 1E
'

breakers shall be equipped with dual trip coils. loads can be powered from their designated
Each redundant protection circuit which preferred power supply within the capacity ,

supplies a trip signal shall be connected to a and capability margins specified in the e

separate trip coil. All equipment and cabling SSAR for the offsite system circuits.

d(/) The' loss of the offsite preferred power
jassociated with each redundant system shall be

( ;physically separated.
supply can be detected. .

!g)(13) The de power needed to operate redundant
protection and control equipment of the offsite ((f) Switching betweea preferred power .

power system shall be supplied from two supplies can be accomplished.
(,) ;I separate, dedicated switching station batteries,

(% The batteries and chargers associated with'

each with a battery charger fed from a separate
ac bus. Each battery shall be capable of the preferred power system can meet the
supplying the de power required for normal requirements of their design loads. !

/h
[% The generator breaker can open on

operation of the switching station's equipment.
-j| Each charger shall be capable of supplying the

| required loads while recharging its battery. demand. (Note: The breaker's actual
7-opening and closing mechanisms are '

(14) Two redundant low voltage ac power supply inherently confirmed during the shutdown ;

fsystems shall be provided to supply ac power to and synchronizing processes. Mc :w,-
the switching station's auxiliary loads. Each 1 'd.;/d. mea d thdip circuits shall f p ;,
system shall be supplied from separate, be periodically verified 2furing shutdown &' G

(T) periods while the breaker is open.)"M[ j

'

independent ac buses. The capacity of each e

system shall be adequate to meet the ac power
requirements for normal operation of the (h) Isolated and non-segregated phase bus - ,*
switching stadon's equipment. - ducts are inspected and maintained such 3

4
, that they are clear of debris fluids, and -

i s 4 % Q [ ,, $ 8 8 [,# g >otjer undesirable materials.4/
hd. f |(15) Each transformer shall have primary and

fbackup protective devices. DC power to the
'

| primary and backup devices shall be supplied The test and inspection intervals will be w

from separate de sources. established and maintained according to the 'j
gui iclines of IEEE 338-1977, Section 6.5, as - |

(16) The requirements of IEEE Std 765, Preferred app opriate for non-Class 1E systems (i.e., items (4)
Power Supply for Nuclear Generating Stations, g(7) of Section 6.5.1 are not applicable). M-J (l#'y

8.2.4 S::;: S;S G am 4h w
. dCOL l.tcee5e _L nforma 7Iog

(we A
as modified by Section 8.2.2.1(9) of this SSAR
shall be met.

# ' 1 S< 25 ,Tertr s.s en msac hwW
"

r&m.s rer aoe AM
Q[

4y Appropr. te plant procedures shallinclude a
ia

' periodic testing and/or verification to ensure Tbc interface point between the ABWR design and ;

the following: the COL applicant design for the main generator ji

A output is at the connection of the isolated phase bus ib W~(yW ) Ameoament

(9
c G ] y,2 31 pA s.25

| g,
U y a

'+
a

_
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to the main power transformer low voltage terminals. (1) :. ANSI Std C37.06, Preferred Ratings and
The rated conditions for thisinterface is 1500 MVA Related Capabilities for AC High-Voltage
at a power factor of 0.9 and a voltage of 26.325 kV Circuit Breakers Rated on a Symmetrical
ph or mirus 10 per cent. It is a requirement that : Ctarrent Basis.

the COL applicant provide sufficient impedancein
the main power transformer and the high voltage ' (2) - ANSI Std C57.12.00, General Requirements for '
circuit to limit the primary side maximum available Liqaid-Immersed Distribution, Power and
fault current contribution from the system to no Regulating Transformers.

more than 275 kA symmetrical and 340 kA e g

asymmetrical at 5 cycles from inception of the fault. $ 7 2.3)
h+2''p #p p/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 optimalimpedance for the i

main ransformer. *

leu )
e econd power scope split interface occurs at

:thd , vollage terminals of the reserve auxiliary
trdnsfor er. The rated load is 37.5 MVA at a 0.9 [

pod or. 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 Q ,

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 g/kegg cocedinaM p//h The desty

*

, ufsita 7# ''YI'# #
t recht w er ; ;recoverable system instability. ( - op . ge ec3erve

_

h) TI c T V" "S * " ' ' ''ble vcHop d<p of ,'' ' *
,n , y y n, u , o litan

Protective relaying scope split interfaces for the I go g durD the 5fd'I"5 #//#FF M*h ,
two power systen interfaces are to be defined during j ''k

the detail design phase following contract award. -

(fI) 8.2.5 C'l'. C...._ :$rM:n &I
Con c eptun t .DeSI3 W .

'

8.24/ Offsite Power Systems Design Bases
T

' (nw h 4c
.' g,/) .i , Interface requirements for the COL applicant i

p$ offsite power systems design bases are provided m ;

Subsection 8.2.3. The Cacepial destyn co shil' '|

(pI7) 8.2//* Ortsite Power Systems Scope Split of [ao .seporefe/ o Esek |
adyrseswissin lines4'

pI g,fjug os deSc"M(Interface requirements for the COL applicant
pertaining to offsite power systems scope split are g.g g 9 . j,, y e i G ec j

Provided in Subsection 8.2.3. f g, y g g,1,y,
k

8.2.6 References |
t

i
,

i

8.2-51 |Amendment
;

I
i
.

,
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Table 8.2-1 ..

ADDITIONAL REQUIREMENTS _;

IEEE STD 765 .t

y

IEEE STD765 Reference Requirement or Erplanatory Note a
'
,

i

- 4.1 General SSAR Figure 83-1 should be usedis the reference -!
single line instead of the IEEE Std example, Figures 2, !
(a),(b) and (c). .!

t

4.2 Safety Classification The separation criteria called for in Subsection 8.2.13 - !

must be met. - ,

u

4.5 Availibility The ABWR design utilizes direct connection of the two.-
preferred power circuits to the Class IE buses.

i

5.1.2 Transmission System Additional analysis is required per Section ;

| Reliability 8.23[ g

5.13 Transmission System
Independence i

'

5.13.2 Specific requirement's for iclerance to equipment
failures are stated in the SSAR and must bc met.

5.133 Shce a separation of at least 50 feet is required for the - ..
'

exposed circuits, a common takeoff structure cannot be
used. 7

i

53.2 Class 1E Power System See 5.133 comments.. j

Interface Independence .

533 Connections with Class IE Systems
a

533.2 Automatic dead-bus aansfers are used to transfer from . |
n

the preferred power supply to the onsite AC source. >i
Manual dead-bus transfers are used between preferred ' I

power. supplies, and to transfer from the onsite source :*

back to the preferred power supply. Automatic live-bus j
'

transfers are not required and are not used.-
i

!

5333 Only standby power sources may be paralleled with the
preferred power sources for load testing. The available !

!fauh 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 closed simultaneously so there is no time that the
available fault current a't a bus exceeds the equipment

rating.
!n
I

7.0 Multi Unit Considerations The ABWR is a single unit design, therefore therei is no -
-

sharing of preferred power supplies between units.

!a

I

82 6 !

Amendrnent
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ROWER feedwater pumps, three circulating water pumps, i

83 ONSig*/ O//gYSTEMS ?$) [7 r ,,)hree turbine building supply and exhaust fans).' i
83.%ng,M c7c

y1 AC Power Systems
Within each load group there is one bus which |

The onsite power system interfaces with the supplies power production loads which do not !

offsite power system at the input terminals to the provide water to the pressu.c vessel. Each one of |

supply breakers for the normal and alternate power these buses has access to power from one winding of {
I feeds to the medium voltage (6.9kV) switchgear. It its assigned unit auxiliary transformer. It also has [

is a three load group system with each load group access to the reserve auxiliary transformer as an i

consisting of a on-Class IE and a Class IE portion, alternate source if its unit auxiliary transformer fails

The three d groups of the Class IE power system or during maintenance outages for the normal feed.

(i.e., the t reefdidsions) are independent of each Bus transfer between preferred power sources is

other. T gpal elements of the auxiliary ac manual dead bus transfer and not automatic. i

!
electric power systems are shown on the single line
diagrams (SLD) in Figures 8.3-1 through 8.3-3. Another bus within each load group supplies power f

to pumps which are capable of supplying water to the !

Each Class IE division has a dedicated diesel pressure vessel during normal power operation (i.e., f
i

generator, which automatically starts on high drywell the condensate and feedwater pumps). These buses

pressure, low reactor vessellevel or loss of voltage normally receive power from the unit auxiliary I

on the division's 6.9 kV bus. Each 6.9-kV Class IE transformer and supply power to the third bus (plant !

bus feeds it's associated 480V unit substation investment protection (PIP)) in the load group i

through a 6.9-kV/ 480/277V power center trans- through a cross-tic. The cross-tie automatically {

former. opens on loss of power but may be manually reclosed |

if it is desired to operate a condensate or feedwater i

Standby power is provided to permanent pump from the combustion turbine or the reserve |

| non-Class 1E loads in all three load groups by a auxiliary transformer which are connectable to the i

combustion turbine generator located in the turbine PIP buses. This cross-tic arrangement allows |

building. advantage to be taken of the fact that the feedwater j

pumps are motor driven through an adjustable speed !

!

AC power is supplied at 6.9KV for motor loads drive so that they have low starting currents and can

larger than 300KW and transformed to 480 V for be started and run at low power. The combustion !

smaller loads. The 480V system is further turbine and reserve auxiliary transformer have
transformed into lower voltages as required for sufficient capacity to start either or both of the 7

instruments, lighting, and controls. In general, reactor feedwater and condensate pumps in a load '

motors larger than 300KW are supplied from the group. This provides three load groups c1 non-safety |

6.9KV buses. Motors 300KW or smaller but larger grade equipment in addition to the divisional Class | [

than 100KW are supplied power form 480V 1E load groups winch may be used to supply water to |

switchgear. Motors 100KW or smaller are supplied the reactor vesselin emergencies. -

power from 480V motor control centers. ;

A third bus supplies power to permanent non-safety j

See Subsection 8.3.4.9 for COL license loads such as the turbine building HVAC, the j

information turbine building service water and thw turbine j

building closed cooling water systems. On loss of r

8.3.1.0 Non-Class 1E AC Power System normal preferred power the cross-tic to the power |
production bus is automatically tripp:d open and the |

8.3.1.0.1 Non-Class IE Medium Voltage Power permanent non-Class IE bus is automatically | |

Distribution System transferred (two out of the three buses in the load i

hgroups transfer) via a M bus transfer to t e ,

| The non-Class IE medium voltage power combustion turbine C s ritomatically starts on
,

distribution system consists of nine 6.9KV buses loss of power. The p wes service systems for - i

divided into three load groups. The three load group each load group autwedy restart to support ;

configuration was chosen to match the mechanical their load groups. ,

systems which are mostly three trains (Three
i
;

'
8.3-1
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The buses are comprised of metal clad power has been restored and maintained for
switchgear rated for 7.2KV 500MVA with a bus full approximately 60 seconds.
load rating of 2000A. Maximum calculated fullload
short time current is 1700A. Bus ratings of 3000 The second switching mode is from ac to de for the
amperes are available for the switchgear as insurance power source. If the voltage of the input ac power is
against future load growth, if necessary. The less than 88% of the rated voltage, the input is
required interrupting capacity is 41,000 amperes. switched to the de power supply. The input is

switched back to the ac power after a confirmation
The 6.9kV buses supply power to adjustable period of approximately 60 seconds,

speed dr;ves for the feedwater and reactor internal
pumps. These adjustable speed drives are designed The third switching mode is between the imcrter and
to the requirements of IEEE Std 519, Guide for the voltage regulating transformer. If any of the
Harmonic Control and Reactive Compensation of conditions listed below occur, the power supply is
Static Power Converters. Voltage distortion limits switched to the voltage regulating transformer.

are as stated in Table 4 of the IEEE Sti
(a) Output voltage out of rating by more than plus *

| 83.1.0.2 Non-Class IE Low Voltage Power or minus 10 per cent

Distribution System
(b) Output frequency out of rating by more than

Power for the 480V a txiliaries is supplied from plus or minus 3 per cent

power centers consisting of 6.9KV/480 volt
transformers and associated metalclad switchgear, (c) High temperature inside of panel

| Figure 8.31. There are six non-Class IE, two per
load group, power centers. One power center per (d) Loss of control power supply
load group is supplied power from the permanent
non-safety bus for the load group. (e) Commutation failure

83.1.03 Non-Class IE Vital AC Power Supply (f) Overcurrent of smoothing condenser

System
(g) Loss of control power for gate circuit

The function of the non-Class 1E Vital ac Power
'

Supply System is to provide reliable 120V unin- (b) Incoming MCCB trip
| terruptible ac power for important non-Class 1E

loads that are required for continuity of power plant (i) Coolingfan trip |

operation. The system consists of three 120V ac
uninterruptible constant voltage, constant frequency Following correction of any of the above events

'

(CVCF) power supplies, each including a static transfer back is by manual initiation only.

inverter, ac and de static transfer switches, a
regulating stepdown transformer (as an alternate ac 83.1.0.4 Computer Vital AC Power Supply System

|powa supply), and a distribution panel (Figure (Non-Class IE)
83-3). The primary source of power comes from the
non-Class IE ac motor control centers. The Two constant voltage and constant frequency

secondary source is the non-Class 1E 125 VDC power supplies are provided to power the process i

central distribution panels. computers. Each of the poweuupplies consists of
an ac to de rectifier, and a de to ac' inverter, a b pass3

There are three automatic switching modes for the transformer and de'angs.olid' state transfer
CVCF power supplies, any of which may be initiated switches (Figure 8.3-3f. The^ normal feed for the ,

manually. First, the frequency of the output of the power supplies is from ~non-Class 1E power center
inverter is normally synchronized with the input ac supplied from theyetit non-safety- related ,

power. If the frequency of the input power goes out buses which receive power from the combustion i

of range, the power supply switches over to internal turbine if offsite power is lost. The backup for the

synchronization to restore the frequency of its normal feeds is from the 250VDC battery. Each ,

output. Switching back to external synchronization is power supply is provided with a backup ac feed ;

automatic and occurs if the frequency of the ac tbough isolation transformers and a ,

83-2
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(see f yr e 03-f , n eef J;.
static transfer switch. The backup feed is provided The Division I Class 1E bus upplies power to
for alternate use during maintenance periods. three separate groups of non-Class IE fine motion
Switching of the power supply is similar to that control rod drive (FMCRD) motors Although these
described for the non-vital ac power supply system, motors are not Class IE, the drives may be inserted

above. (See Subsection 83.1.03). as a backup to scram and are of specialimportance
because of this. It is important that the first available

83.1.1 Class IE AC Power Distribution standby power be available for the motors, therefore,
System a diesel supplied bus was chosen as the first source |

of standbye p,ower and the combustion turbine
83.1.1.1 Medium Voltage Class 1E Power supplied pipids as the second backup source.
Distribution System Division I fas chosen because it was the most lightly

loaded diesel generator. gee Sutisection 63.4.13 f or'
Class 1E ac power loads are divided into three @L hcense information.

divisions (Divisions I, II, and 111), each fed from an
independent 6.9-kV Class IE bus. During normal The load breakers in the Dhision I switchgear are

operation (which includes all modes of plant part of the isolation scheme between the Class 1E
operation; i.e., shutdown, refueling, startup, and power and the non-Class 1E load. In addition to the
run.), two of the three divisions are fed from an normal overcurrent tripping of these(load bicakers, C ios

~

offsite normal preferred power supply. The zone selective interlocking is provided between them

remaininstdivision shall be fed from the alternate and the upstream Class 1E bus feed breakers.,m
I p rterrni power source'(See Subsection 83.4.9).
' ' If fault current flows in the non-Class 1E load, it

Each 6.9 kV bus has a safety grounding circuit is sensed by the Class 1E current device for the load

breaker designed to protect personnel during breaker and a trip blocking signalis sent to the
maintenance operations (see Figure 83-1). During upstream Class IE feed breakers. This blocking lasts

periods when the buses are energized, these breakers for about 75 milliseconds. This allows the load
are racked out (i.e.,in the disconnect position). A breaker to trip in its normalinstantaneous tripping
control room annunciator sounds whenever any of time of 35 to 50 milliseconds,if the magnitude of the

these breakers are racked in for service. fault current is high enough. This assures that the
fault current has been terminated before the Class

The interlocks for the bus grounding devices are as IE upstream breakers are free to trip._ For fault
follows: currents of lesser magnitude, the blocking delay will

time out without either bus feeder or load breakers
(1) Undervoltage relays must be actuated. tripping, but the load breaker will eventually trip and

always before the upstream feeder breaker. This

(2) Bus Feeder breakers must be in the ditconnect order of tripping is assured by the coordination
position. between the breakers provided by long-time pickup,

long-time delay and instantaneous pickup trip device

(3) Voltage for bus instrumentation available. characteristics. Tripping of the Class 1E feed
breaker is normal for faults which occur on the Class

Conversely, the bus feeder breakers are IE bus it feeds. Coordination is provided between
interlocked such that they cannot close unless their the bus main feed breakers and the load breakers.

associated grounding breakers are in their disconnect
positions. The zone selective interlock is a feature of the trip

'

unit for the breaker and is tested when the other -

Standby AC power for Class IE buses is supplied features such as current setting and long-time delay

by diesel generators at 6.9 kV and distributed by the are tested.

Class 1E power distribution system. Division I, II
and III buses are automatically transferred to the Power is supplied to each FMCRD load group
diesel generators when the normal preferred power from either the Division I Class 1E bus or the

po -(1 s IE PIP bus through a pair ofinterlockedsupply to these busesis lost,
h8 "3 b ocated between the power sources and the

c[6.9kV/480v transformer feeding the FMCRD MCC. (49

Vwf |
8.3-3 (Amendrnent
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Switchover to the non-Class 1E PIP bus source is Starters for the control of 460v motors 100kW or

g) automatic on loss of power from the Class IE diesel smaller are MCC-mounted, across-the-line magneti-

g bus r.ource. Switching back to the Class 1E dicsci cally operated, air break type. Power circuits leading
from the electrical penetration assemblies into the

j rdg power is by manual action only.y
, _

containment area have a fuse in series with the

!j The Class 1E load breakers in conjunction wi circuit breakers as a backup protection for a fault,

he zone selective interlocking feature provide e current in the penetration in the event of circuit
needed isolation between the Class IE bus d the breaker overcurrent or fault protection failure.

'

non-Class IE loads. Therefore, the FM circuits
are entirely non-Class IE on the d side of the 83.1.13 120/240V Distribution System

y *

I ' lass 1E load breaker and are i tified accordingly.

8 The feider circuits on the - ream side of the Class individual transformers and distribution panels are

lE load breakers are IE. located in the vicinity of the loads requiring Class IE

% 120/240V power. This power is used for emergency
In order o prevent any possibility of lighting, and other 120V Class 1E loads.

interconn n between Class 1E divisions through
;he Fh . D circuits, the FMCRD circuits will not 83.1.1.4 Instrument Power Supply Systems

xr ted with any Class IE or Class IE assoc
83.1.1.4.1 120V AC Class IE Instrument |
Power System

83.1.1.2 low Voltage Class IE Power
Distribution System Indhidual transformers supply 120V ac instru-

ment power (Figure 83-2). Each Class IE divisional

83.1.1.2.1 Power Centers transformer is supplied from a 480V MCC in the
same division. There are three divisions, each

Power for 480V auxiliaries is supplied from power backed up by its divisional diesel generator as the
centers consisting of 6.9-kV/480V transformers and source when the offsite source is lost. Power is
associated metal clad switchgear, Figure 83-1. distributed to the individual loads from distribution

panels, and to logic level circuits through the control
Class 1E 480V power centers supplying Class 1E room logic panels.

loads are arranged as independent radial systems,
with each 480V bus fed by its own power 83.1.1.4.2 120V AC Class IE Vital AC Power Supply |

transformer. Each 480V Class 1E bus in a division is Sptem
physically and electrically independent of the other
480V buses in other dhisions. 83.1.1.4.2.1 Constant Voltage, Constant Frequency

(CVCF) Power Supply for the Safety System Logic

The 480V unit substation breakers supply motor and Control (SSIf)
control centers and motor loads up to and including
300KW. Switchgear for the 480V load centers is of The power supply for the SSIf is shown in Figure
indoor, metal-enclosed type with drawout circuit 83-3, with each of the four buses supplying power

breakers. Control power is from the Class 1E 125 for the independent trip systems of the SSLC system.

VDC power system of the same division. Four constant voltage, constant frequency (CVCF)
control power buses (Divisions I, II,111, and IV) ,

83.1.1.2.2 Motor Centrol Centers have been established. They are cach normally
supplied independently from inverters which, in turn,

The 480V MCCs feed motors 100kW or smaller, are normally supplied power via a static switch from

control power transformers, process heaters, a rectifier which receives 480V divisional power. A

motor-operated valves and other small electrically 125V de battery provides an alternate source of

operated auxiliaries, including 480-120V and power through the static switch. :

480-240V transformers. Class 1E motor control cen-
ters are isolated in separate load groups The capacity of each of the four redundant Class

corresponding to divisions established by the 480V IE CVCF power supplies is based on the largest ,

unit substations. combined demands of the various continuous loads,

plus the largest combination of non-continuous loads

B.k4
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that would likely be connected to the power supply
simultaneously during normal or accident plant
operation, whichever is higher,jsee 83.434). k, ai rev d e o [ ,li' - ' -' 4er 6eiv; 4 c:1 cc 4+ od"y # r cs/w!Q) For D. . .nwons I, II, and III, the AC supply is from a .

'
480 V MCC for each division. The backup de supply

is via a static switch and a de/ac inverter from the
125VDC central / distribution board for the

i

BM,
Amendment
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tdivision. A second static switch also is capable of (6) a manual transfer switch for maintenance.
transferring from the inverter to a direct feed d

,

"

through a voltage regulating transformer from a (7) an output power monitor-L.. ' e & CRT
.q%G which monitors the 120 VAC - !480V motor control center for each of the three cy:= :from the CVCF power supply to its( power

.

:

;divisions.
output power distribution cabinet. If the vohage

Since there is no 480V ac Division IV power, or frequency of the ac power gets out ofits . |

| Division IV is fed from a Division Il motor control
design range, the power monitor trips and !

center. Otherwise, the ac supply for the Division IV interrupts the power supply to the distribution - !

CVCF power supply is similar to the other three cabinet. The purpose of the power monitor is to ,

divisions. The de supply for Division IV is backed up protect the scram solenoids from voltage levels ,

by a separate Division IV battery. and frequencies which could result in theE I

(Mjh iQ'damage.

The CVCF power supply buses are designed to M
provide logic and control power to the four division 83.1.1.4.23 Operating Configuration j 7d
SSLC system that operates the RPS. [The SSLC for Wry
the ECCS derives its power from the 125 VDC The four 120 VAC Class 1E power supplies oper- ,

'

power system (Figure 8.3-4)]. The ac buses also ate independently, pr _iding four divisions of CVCF

supply power to the neutron monitoring system and power supplies f the SLC which facilitate the
parts of the process radiation monitoring system and two-out-of-four 1 ic . he normal lineup for each :

MSIV function in the leak detection system. Power division is thro h Class 1E 480 VAC power ,

distribution is arranged to prevent inadvertent supply, the ac/dc rectifier, the inverter and the static
'

operation of the reactor scram initiation or MSIV transfer switch. The bus for the RPS A solenoids is |

isolation upon loss of any single power supply. supplied by the Division II CVCF power supply. The
RPS B solenoids bus is supplied from the Division ;

Routine maintenance can be conducted on III CVCF power supply. The #3 soleniods for the
equipment associated with the CVCF power supply. MSIVs are powered from the Division I CVCF; and ,

Inverters and solid state switches can be inspected, the #2 soleniods, from the Division II CVCF power
serviced and tested channel by channel without supply. !

tripping the RPS logic. .

,i

83.1.1.5 Class 1E Electric Equipment !
!

83.1.1.4.2.2 Components Considerations

Each of the four Class 1E CVCF power supplies The following guidelines are utilized for Class IE .

includes the following components- equipment. .

C "'w A; 6'.3 3. /
(1) a power distribution cabinet, including the ik3.d Physical Separation and y )

CVCF 120 VAC bus and circuit breakers for the } Independence ( f "j
All cables e Cl; p;o ::lf[. ::: are

.

SSLCloads;

-i

(2) a solid-state inverter, to convert 125 VDC power supported in raceways (i.e., tray, at condui . All
to 120 VAC uninterruptible power suppiv- electrical equipment is separated in accordance with

IEEE Std 384, Regulatory Guide 1.75 and General |

(3) a solid-state transfer switch to sense inverter Design Criterion 17, with the following clarifying 'i
failure and automatically switch to alternate 120 interpretations ofIEEE S:.d 384: .f
VAC power;

(1) Enclosed solid metal raceways are re ' ed for !

(4) a 480V/120V bypass transformer for the al- separation between Class IE assoc' lated I' ; ,

ternate power supply; cables of,defferent safety &isionsor hetween'
- 'i

t

Class IIIor associated cabit's and non-Class IE

(5) a solid-state transfer switch to sense ac input cables if tbernest'iieparation distance isless |
power failure and automatically switch to than 1.5 meters (five feet), the horizontal t'

alternate 125 VDC power. separation distance is less than 0.9 meters (three |
'

feet) and the cables are in the same fire area; :

83-5 ,
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(2) Both groupings of cables rcquiring separation g
per item one must be enclosed in solid metal j
raceways and must be separated by at least 254 |
cm (1 inch.).

_

\ #

.
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To meet the previsions of Policy Issue SEC1 and routed in their corres onding divisional
013, which relates to fire tolerance, three hour ated raceways. SeparationJeq1iiiE nts are the same as
fire barriers are provided between areas of di 'erent for Class 1E circuits: Associa cdbles are required

safety divisions throughout the plant except athe to meet all of the re' uireme s fdr chu 1E cables,~

q
6primary containment and the control room c plex. ,

See Section 9.5.1.0 for a detailed description fbow The careful placing of e uipment is important to '

the provisions of the Policy Issue are met. the necessary segregat' n of circuits by division.
Deliberate routing in se arate fire areas on different-

The overall design objective is to 1 ate the floor levels, and in e edded ducts is employed to

divisional equipment and its associated control, achieve physicalinde ndence.
instrumentation, electrical supporting sy ems and

+

interconnecting cabling such that sep ration is 8.3.1.1.5.2 Class IE Electric Equipment Designi/g
maintained among all divisions. Redunda t divisions Bases and Criteria f /.N( fd /3 I
of electric equipment and cabling are ocated in
separate rooms or fire areas wherever po sible. (1) Motors are sized in accordance with NEMA

standards. The manufacturers' ratings are at
Electric equipment and wiring for be Class IE least large enough to produce the starting,

systems which are segregated into sepa ate divisions pull-in and driving torque needed for the
are separated so that no design basis e ent is capable particular application, with due consideration
of disabling more than one division of ny ESF total for capabilities of the power sources. Plant
function. design specifications for electrical equipment ;

require such equipment be capable of contin-

| The Class 1E divisional ac sw' chgear, power uous operation for voltage fluctuations of + /-
centers, battery rooms and de distri tion panels and 10%. In addition, Class IE motors must be able i

MCCs are located to provide sep ration and elec- to withstand voltage drops to 70% rated during
tricalisolation among the divisio s. Separation is starting transients. See Subsection 8.3.4.12 for

provided among divisional ca les being routed COL license information.
between the equipment rooms, he Main Control
Room, containment and othe processing areas. (2) Power sources, distribution systems and branch @g
Equipment in these areas is divi ed into Divisions I, cimuits are designed to maintain voltage and )

II,III and IV and separated b barriers formed by frequency within acceptable limits. h
walls, floors, and ceilings. The quipment is located

-

to facilitate divisional separati of cable trays and to (3) The selection of motor insulation such as Class
provide access to electrical p netration assemblics. F. H or B is a design consideration based on

Exceptions to this separatio objective are identified service requirements and environment. The
and analyzed as to equivale cy and acceptability in Class 1E motors are qualified by tests in
the fire hazard analysis. (Se Appendix 9A5) accordance with IEEE Std 334

The penetration assembli s are located around the (4) Interrupting capacity of switchgear, power
periphery of the contai ment and at different centers, motor control centers, and distribution
elevations to facilitate re onably direct routing to panels is equal to or greater than the maximum

and from the equipment. . No penetration carries available fault current to which it is exposed

cables of more than one di ision, under all modes of operation. -

Separation within t e main control room is Interrupting capacity requirements of the
designed in accordanc with IEEE 384, and is medium voltage Class IE switchgear is selected

discussed in Subsection 8 .1.4.1. to accommodate the available short-circuit ,

current at the switchgear terminals. Circuit
Wiring for all Class 1 equipment indicating lights breaker and applicati^ns are in accordance with

is an integral part of t Class IE cables used for ANSI Standards. See Subsection 8.3.4.1 for
control of the same eq pment and are considered to COLlicense information.

be Class 1E circuits.
Unit substation transformers are sized and |

() Au W ^ - M a C'sM.cussts., impedances chosen to facilitate the selection of

/
8.34 !
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low-voltage switchgear, MCCs and distribution (2) 6.9kV feeders for power centers have instan-
panels, which are optimized within the manufac- taneous, inverse time overcurrent and ground
turer's recommended ratings for interrupting fault protection.

capacity and coordination of overcurrent devices.
Impedance of connectmg upstream cable is factored (3) 6.9kV feeders for heat exchanger building
in for a specific physicallayout. substations have inverse time overcurrent and

ground fault protection.-

N ng
.53 Testing /c f.3 '3 2/ (4) 6.9kV feeders used for motor starters have

83.
hvv8)

The sign provides for periodically esting the instantaneous, inverse time overcurrent, ground'
A- fault and motor protection.chain of system elements frompesig &%

through driven equipment to assure that Class 1E
equipment is functioning in accordance with design (5) 480V bus incoming line and teeder circuits have

requirements. Such on line testing is greatly inverse time overcurrent and ground fault
enhanced by the design, which utilizes three protection.

| independent divisions. The requirements of IEEE
Guide.1.118 and IEEE 338 ar 83.1.1.6.4 Protection Requirements

Std 379 Regulatory #We9omi &ch tonser bc.,\ x t. - -

N) @ Nt. M t @y N f 8 7'[ $ @ h [/ Protective devices of the diesel generators sneet all

Gi O equirements of IEEE 603. When the diesel-gener-
L, 'd

P 5 ~%w

8.3.1.1.6 urcuit Protecuon)7MA."[[rM[Z[ ator 76 called upon to operate during LOCA
83.1.1.6.1 Philosophy of Protection co iti ns, the only protective devices which shut

dw the diesel are the generator differential relays,

Simplicity of load grouping facilitates the use of a dpsogine overspeed trip. These protection
conventional, protective relaying practices for devices are retained under accident conditions to
isolation of faults. Emphasis has been placed on protect against possible, significant damage. Other

preserving function and limiting loss of Class 1E protective relays, such as loss of excitation,
equipment function in situations of power loss or antimotoring (reverse power), overcurrent voltage

equipment failure. restraint, lowjacket water pressure, high jacket water
temperature, and low lube oil pressure, are used to

Circuit protection of the Class IE buses contained protect the machine when operating in parallel with
within the nuclear island is interfaced with the design the normal power system, during periodic tests. The

of the overall protection system outside the nuclear relays are automatically isolated from the tripping

island. circuits during LOCA conditions. However, all of
these bypassed parameters are annunciated in the

83.1.1.6.2 Grounding Methods main control room ( Subsection 83.1.1.8.5). The
bypasses are test le,ndet allIEEE 603 require.

Station grounding and surge protection is discussed ments, and are a_ptil t as required by
in Appendix 8A.1. The medium voltage (6900V) Position 7 of Reg. Guide .9,$o trips are bypassed

system is low resistance grounded except that each during LOPP or testing. obsection 83.4.15 for

diesel generator is high resistance grounded to COLlicense information.
maximize availability.

Synchronizing interlocks are prosided to prevent

See Subsection 8.3.4.14 for COL license incorrect synchronization whenever the diesel
information pertaining to administrative control for generator is required to operate in parallel with the

bus grounding circuit breakers. preferred power supply (see Section 5.1.4.2 of IEEE
741). Such interlocks shall be periodically testec (see-

83.1.1.63 Bus Protection Subsection 83.4.23). \ r; be

Bus protection is as follows: R3.1.1.7 Lead Shedding ana mams on Od-
Class 1E Buses

(1) 6.9kV bus incoming circuits have inverse time
overcurrent, ground fault, bus differential and This subsection addresses Class 1E Divisions I, II,

undervoltage protection, and III. lead shedding, bus transfer and sequencing

83-7 |
Amendment
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on a 6.9kV Class IE bus is initiated on loss of bus
voltage. Only LOPP signals are used to trip the
loads. However, the presence of a LOCA during

/f ej d ' f *('"I ' E '7 '" U "f
.. ,

' T.LOPP reduces the time delay for initiation of bus ,ye ([g 5;
b'k} transfer from 3 seconds to 0.4 seconds.[The load y Svjyo,> eg crz' f /J'1 fe #' # E N " ,

## # # # "I'''/'' ''

u < % e v' E3"#J Csequencing for the diesels is given on Table 83-4. gerim

Load shedding and buses ready to load signals are
generated by the control system for the electrical
power distribution system. Ind%idual timers for each
major load are reset and started by their electrical
power distribution systems signals.

(1) Loss of Preferred Power (LOPP) : The 6.9kV
Class IE buses are normally energized from the

.

|

e

83-7I
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normal or alternate preferred power supplies.
P

g occurs when the diesel generator is paralled with
Iw |

,

Should the bus voltage decay to below 70% of|y,
either the normal preferred power or the

its nominal rated value, a bus transfer is initiated alternate preferred power source, the D/G will !
| and the signal will trip the supply breaker, andh automatically be disconnected from the 6.9 KV ;

start the diesel generat en the bus voltage y emergency bus regradless of whether the test is ,

decays to 30%,larg otor breakers areQ being conducted from the local control panel or ,

!tripped. The tra . ceeds to the dieselg the main control room.
|

generator. If the skandb[ diesel generator is( k|6) LOPP during diesel generator paralleling test:i

ready to accept load (i.e., voltage and frequency?) y If the normal preferred power supply is lostare within normallimits and no lockout exists,
and the normal and alternate preferred supply ' t' during the diesel-generator paralleling test, the

breakers are open), then the diesel-generator M diesel-generator circuit breaker is automatically
breaker is signalled to closeFTN3 *- tripped. Transfer to the diesel generator then

D'.S ##fa#%Enatic transfer of the Class 1E bus to the$d proceeds as described in (1).u
diesel generator. Large motor loads will be Q j i .i
sequence started as, required and shown on If the alternate preferred source is used for load ,

I

Table 8.3-4. testing the diesel genest tlE, and the alternatepreferred source is diesel-generator .

Ivhifped. lead shedding
'

(2) Loss of Coolant Accident (LOCA): When a - breaker is automati y

LOCA occurs, with or witLout a LOPP, the load and bus transfer will proceed as described in (1).

sequence timers are started if the 6.9 KV ;

emergency bus voltage is greater than 70% and (7) Restoration of offsite power: Upon restoration I

loads are applied to the bus at the end of preset of offsite power, the Class IE bus (es) can be ,

'

times. transferred back to the offsite source by manual
'

operation only.
Each load has an individual load sequence timer
which will start if a LOCA occurs and the 6.9 (8) Protection agalast degraded voltage: . For ,

KV emergency bus voltage is greater than 70%, protection of the Division I,11 and III electrical -

regardless of whether the bus voltage source is equipment against the effects of a sustained ;

normal or alternate preferred power or the degraded voltage, the 6.9 kV ESF bus voltages ;

diesel generator. The load sequence timers are are monitored. When the bus voltage degrades

part of the low level circuit logic for each LOCA to 90% or below of its rated value and after a ,

'

load and do not provide a means of common time delay (to prevent triggering by transients),

mode failure that would render both onsite and undervoltage will be annunciated in the control i

offsite power unavailable. If a timer failed, the room. Simultaneously, a protective relay timer

LOCA load could be applied manually provided is started to allow the opnator to take f
'

the bus voltage is greater than 70%. corrective action. The tim $r settings are based
on the system load anal'ysis"sucli that the ;

(3) LOPP following LOCA: If the bus voltage respective feeder breaker tripdefore any of the !

(normal or alternat' preferred power) is lost Class 1E loads experience degraded conditions i

during post-accident operation, transfer to diesel exceeding thor.e for which the equipment is 1

generator power occurs as described in (1) qualifiedM T28This assures such loads -|

above. will restart when the diesel generator assumes
the degraded bus and sequences its loads. If the

(4) LOCA following IDPP: If a LOCA occurs fol- bus voltage recovers within the time delay ;

lowing loss of the normal or alternate preferred period, the protecht timer wi!! reset. - Should a

power supplies, the LOCA signal starts ESF LOCA occur during the time delay, the feeder

equipment as required. Running loads are not breaker with the undervoltage will be tripped

tripped. Automatic (L.OCA + LOPP) time instantly. Subsequent bus transfer will be as

delayed load sequencing assures that the described above. These bus voltage monitoring

diesel-generator will not be overloaded. schemes are designed in accordance with
Section 5.L2 of IEEE 74L

|(5) LOCA when diesel generator is parallel with
Ipreferred power source during test: IfaLOCA
I
i

83-8
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83.1.1.8 Standby AC Power System -
'

The diesel generators comprising the Disisions I,11
and III standby ac power supplies are designed to .!
quickly restore power to their respective Class IE - l

:
distribution system divisions as required to achieve

>

safe shutdown of the plant and/or to mitigate the
i| 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 supplies and the Divisions I,Il to the bus at' 20 seconds. This gives them an

and III diesel-generator standby power supplies. allowable travel time of 16 seconds, which is >

attainable for the valves.

See Subsection 9.5.13.8 for COL license
information. See Subsection 8.3.4.2 for COL license .|

information. ;

r83.1.1.8.1 Redundant Standby AC Power '

Supplies (5) Each diesel generator has a continuous load
rating of 6.25 MVA @> 0.8 power factor (see

'

Each standby power system division, including the Figure 83-1). The overload rating is 110% of

diesel generator, its auxiliary systems and the the rated output for a two-hour period out of a ,

distribution of power to various Class 1E loads 24-hour period. j
through the 6.9kV and 480V systems, is segregated ,

and separated from the other divisions. No (6) Each diesel generator has stored energy (fuel) |

automatic interconnection is provided between the at the site in its own storage tank with the |
#

Class 1E divisions. Each diesel generator set is capacity to operate the standby diesel generator '

operated independently of the other sets and is power supply, while suppying post-accident i

connected to the utility power system by manual power requirements to a unit for seven days :

control, only during testing or for bus transfer. (see 9.5.4.1.1). ,

83.1.1.8.2 Ratings and Capability (7) Each diesel generator has stored energy (fuel) !

at the site in its own day tank with the capacity
,

The size of each of the diesel-generators serving to operate the standby diesel generator power ..
'

Divisions I, II and III satisfies the requirements of supply while supplying post accident power
NRC Regulatory Guide 1.9 and IEEE Std 387 and requirements for 8 hours. The fueltransfer i

conforms to the following criteria: system automatically maintains the capacity of'
the day tank (see 9.5.4.2). -|

(1) Each diesel generator is capable of starting, ,

accelerating and supplying its loads in the (8) Each diesel generator is capable of operatmg m
*

sequence shown in Table 83-4. Its service environment during and after any ,

design basis event, without support from the 4

:
(2) Each diesel generator is capable of starting, preferred power supply, it can start up and

accelerating and supplying its loads in their run, with no cooling available, for the time i

proper sequence without exceeding a 25% required to bring the cooling equipment into
'

voltage drop or a 5% frequency drop measured service as it sequences onto the bus (see 203 -|

at the bus. RAI-16, Ouestion/ Answer 430.282). {
t
:

(3) Each diesel generator is capable of starting, (9) Each diesel generator is capable of restarting
accelerating and runmng its largest motor at any with an initial engine temperature equal to the

time after the automatic loading sequence is continuous rating fullload engme temperature, j
completed, assuming that the motor had failed
to start initially. (10) Each diesel generator is capable of accepting

design load following operation at light or no I

(4) The criteria is for each diesel generator to be load for a period of 4 hours. This capability f

capable of reaching full speed and voltage within shall be demonstrated by the supplier prior to

20 seconds after receiving a signal to start, and shipment, but is exempt from periodic testing ;

capable of being fully loaded within the next 65 - to avoid undue stress to the diesel engine. i

seconds as shown in Table 83-4. The limiting ;

condition is for the RHR and HPCF injection (11) Each diesel generator is capable of carrying its j

valves to be open 36 seconds after the receipt of continuous load rating of 22 hours followed by 'j
a high drywell or low reactor vessel level signal. 2 hours of operation at its short time rating. -|

j
Since the motor operated valves are not tripped '
off the buses, they start to open,if requested to - (12) The maximum loads expected to occur for each |

do so by their controls, when power is restored division (according to nameplate ratings) do -{
!

83 9 I
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'

not exceed 90 percent of the continuous power generator b er is closed when required generator

output rating of the diesel generator. e and rqu ncy are established.
,

and) attain rated voltage and frequency within 20D)e generators I,11 and III are designed to start |[(13) Each diesel generator's air receiver anks have
isufficient capacity for % starts without

# see ods. The generator, and vohage regulator are ;rechargingt " M NLos cebc/ ' q.54,2 , designed to permit the set to accept the load and to !

(14) During diesel generator load sequencing, the accelerate the motors in the sequence within the !

frequency will be restored to within 2% of time requirements. The voltage drop caused by
nominal, and voltage will be restored to within starting the large motors does not exceed the
10% of nominal within 60% of each load requirements set forth in Regulatory Guide 1.9, and i

proper acceleration of these motors is ensured.sequence time interval (see C.4 of Regulatory ' :

Guide 1.9).- Control and timing circuits are provided, as {

appropriate, to ensure that each load is applied auto- ,

(15) During recovery from transients caused by matically at the correct time. Each diesel generator
step load increases or resulting from the set is provided with two independent startmg air a

disconnection of the largest single load, the systems. ;'

speed of the diesel generator unit will not |

exceed the nominal speed plus 75% of the 83.1.1.8.4 Automatic Shedding, leading and i

difference between nominal speed and the Isolation
overspeed trip setpoint or 115% of nominal.

-

whichever is lower (see C.4 of Regulatory The diesel generator is connected to its Class 1E. !

Guide l.9). bus only when the incoming preferred source _ ;

breakers have been tripped (Subsection 83.1.1.7). .

(16) The transient following the complete loss of Under this condition, major loads are tripped from !

load will not cause the speed of the diesel the Class IE bus, except for the Class 1E 480V unit ;

generator unit to attain the overspeed trip substation feeders, before closing the diesel ;

setpoint (se 4 of Regulatory Guide 1.9). generator breaker. [

1 :
<

|
! (17) Bus v ag requency will recover to 6.9

kV 10% at 60 2% 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
83.436). However, note exception for item

,

(10). !

!~

83.1.1.83 Starting Circuits and Systems
'

!

Diesel generators I, Il and III start automatically ;'

on loss of bus vohage. Under-voltage relays are used :

to start each diesel engine in the event of a drop in 1

i
I bus vohage below preset values for a predetermined '

period of time. Im-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
1E batteries provide power for the diesel control and |

!
protection circuits. The transfer o' ic Class IE
buses to standby power supply is automaic should - !

this become necessary on loss of preferred power. .|

After the breakers connecting the buses to the |'

preferred power supplies are open the diesel-
,

:
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The large motor loads are later reapplied in test mode,is totallyindependent of the preferred i
'

sequentially and automatically to the bus after power supply. Additionalinterlocks to the LOCA
closing of the diesel-generator breaker. and LOPP seusing circuits terminate parallel I

operation test and cause the diesel generator to i
I

83.1.1.8.5 Protection Systems automatically revert and reset to its standby mode if-
either signal appears during a test.4A lockout or f

The diesel generator is shut down and the maintenance mode removes the diesel generator

generator breaker tripped under the following from service. The ino erable status is indicated in ;

conditions during all modes of operation and testing the control room. These iaf er/sc~f as e des rao/ .

1e ce 4estoWe,oedqwe pvTa % % t

t s
operation. . ,g % g g g , ;

.

83.1.1.8.9 Reliability Qualification Testing (gl
!

(1) engine overspeed trip; and
The qualification tests are performed on the diesel |

(2) generator differential relay trip. generator per IEEE Std. 387 as modified by |

Regulatory Guide 1.9 requirements. |
These and other protective functions (alarms and

trips) of the engine or the generator breaker and See Subsection 83.4.10 for COLlicense informa. !

other off-normal conditions are annunciated in the tion. |

main control room and/or locally as shown in Table j

83-5. Local alarm / annunciation points have 83.1.2 Analysis j

auxiliary isolated switch outputs which proside inputs

to alarm / annunciator refresh units in the main " ' I.22 L . ' '.C ? _ O .1 ;
..

,

control room which identifies the diesel generator i

and general anomaly concerned. Those anomalies The general ac power systems are illustrated in |

which cause the respective D/G to become Figure 83-1. The analysis demonstrates compliance i

inoperitive are so indicated in accordance with of the Class IE ac power system to NRC General >

Regulatory Guide 1.47 and BTP PSB-2. Design Criteria (GDC), NRC Regulatory Guides j

and other criteria consistent with the Standard ;

83.1.1.8.6 Local and Remote Control and Review Plan (SRP).

Indication
,

Table 8.1-1 identifies the onsite power system and |
"

Each diesel generator is capable of being started or the associated codes and standards applied in

stopped manually from the main control room. accordance with Table 8-1 of the SRP. Criteria are |

Start /stop control and bus transfer control may be listed in order of the listing on the table, and the i

transfers ed to a local control station in the diesel degree of conformance is discussed for,each. Any |

(M generator area by operating key switches at that
exceptions or clarifications are so noted. ;

i

'tation

8 (1) General Design Criteria (GDC). ;

!~~ ontrol room indications are provided for
system output, i.e., volts, amps, watts, vars, (a) Criteria: GDCs 2,4,17,18 and 50. j

|frequency, synchronization, field volts, field amps,
engine speed, and watt hours. Diesel generator (b) Conformance: The ac power system is in |

status (i.e., "RUN", *STOP*) indication is provided compliance with these GDCs. The GDCs ;

for the Remote Shutdown System. are generically addressed in Subsection f

3.1.2. E

|83.1.1.8.7 Engine Mehm=lcal Systemas and '

Accessories (2) RegulatoryGuides(RGs)- t

|

Descriptions of these systems and accessories are (a) RG 1.6 - independence Between Re- |

dundant Standby (Onsite) -|given in Section 9.5.
Power Sources and Between |

83.1.1.8.8 Interlocks and Testability Their Distribution Systems |
.I

Each diesel generator, when operating other than !

8.3-10 s,
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1) Set points are determined on the basish

(b) RG 1.9 - Selection, Design, and Qua- an NRC-approved methodology
lification of Diesel-Generator (NEDC-31336 ' General Electric
Units Used as Standby (Onsite) j Instrument Setpoint Methodology"),
Eleetric Power Systems at which incorporates allowance for set point

Nuclear Power Plants drift based on historical data accumulated
from approaimately 9 reactor-years of

(c) RG 132- Criteria for Safety-Related experience.
'

Electric Power Systems for
Nuclear Power Plants 2) Loads, such as motors, are designed with

sufficient current carr}ing capability or

Fuses cannot be periodically tested and are overload margins so that set points of

exempt from such requirements per Section protective devices are set sufficiently

4.1.7 of IEEE 741. above the operating current point of the
M loads to allow for setpoint drift.

;
r

etion 5.2 of IEEE 308 requires that Class
IE equipment which has no direct safety This analysis has shown that postulated
function (such as overload devices, failure of Class IE components which have

I

N
_,_

protective relaying, etc.), be analyzed to no direct safety function is acceptable to the

assure consequences of any operation or Class 1E power system.

failure is acceptable to the Class 1E power
-

system. Such devices may potentially fail in [r
' ')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 i

'
modes.

The ABWR has three independent
1

divisions, any one of which can safety shut
down the plant (83.1.1.53). The failure of
one complete division is acceptable because
the remaining divisions will automatically
assure adequate reactivity control, core
cooling, containment of radioactivity
release, and integrity of the reactor coolant
system and containment. A detailed failure
analysis is presented in Chapter 15. The
assumption of a complete divisional failure
is conservative in that it envelopes the
severity of any individual component
failures within the division.

The probability of common-mode failures
I attributed to set point drift is not credibi
\for two reasons:

8.3 10.1
Amendment
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(d) RG 1.47- Bypassed and Inoperable Sta- faults in the non-safety-related loads.3 d i

tus Indication for Nuclear Ed.J- he k . Jded L, ik ya c r 4 '

Power Plant Safety Systems .;; Juw, y _i n -i Qn_d_mcb -

r

no maJrrem
requirements. j@Eg1gC /##pe sur& A& N C d35 /f on O fed

(c) RG 1.63- Electric Penetration Assem-
blies in Containment Struc- There are three 6.9 KV electrical divisions which (r,7,) j

tures for Light-Water Cooled are independent load groups backed by individual i

!
Nuclear Power Plants diesel-generator sets. The low voltage ac systems'

consists of four divisions which are backed by
(f) RG 1.75- Physical Independence of independent de battery, charger and inverter t

Electric Systems systems.

NM S M) f
(g) RG 1.106- Thermal Overload Protection ;

for Electric Motors on Mo- |

tor-Operated Valves t

-t

Safety functions which are required to go to
'

completion for safety have their thermal r

overload protection devices in force during There is no sharing of stan'by power system
normal plant operation but the overloads components between divisions, and there is no I ;

3 '

[td I are bypassed under accident conditions per sharing of diesel-generator power sources between

* atory Postion 1.(b) of the guidy units, since the ABWR is a single unit-plant design. I f'

4n:LM jgy2h ,

(b) RG 1.108- Periodic Testing of Diesel Each standby power sup for each of the three |

Generator Units Used as On- divisions is composed of a mgle generator driven by | |

site Electric Power Systems at a diesel engine having'laststart haracteristics and |
Nuclear Power Plants sized in accordance with e atory Guide 1.9. |

,

(i) RG 1.118- Periodic Testing of Electric Table 83-1 and 83-2 show the rating of each of the-

power and Protection Systems Divisions I, II and III diesel generators, respectively, ;

and the maximum coincidentalload for each. ['

|(j) RG 1.153- Criteria for Power,Instrumen- -

tation, and Control Portions of (3) Branch Technical Positions (BTPs): 1
i

I
Safety Systems

(a) BTP ICSB 8 (PSB)- Use of Diesel- ;

Fuses cannot be periodically tested and are Generator Sets for Peaking '

|exempt from such requirements per Section
,

4.1.7 of IEEE 741. (b) BTP ICSB 18 (PSB)- Application of the !

Single Failure Criterion to Manually- 3

(k) Rfe,1.155 Station Blackog Controlled Electrically-Operated Valves. ;

(5ee ffpe4,v t C 7 ;

Regarding Posmos C-1 of Regulatory Guide 1.75 (c) BTP ICSB 21 - Guidance for Application I

(see Section 8.3.1.1.1), the non-Cl 1E FMCRD of Regulatory Guide 1.47 {"

|
motors and brakes are su r from the
Division 1 Class bus th ed power (d) BTP PSB 1 - Adequacy of Station Electric |

as ys l'd breaker for Distribution System Voltages . j
center transform s' 1e

the bus is trip d' fault current for faults in the _

|

non-Class 1E lo . There is also a zone selective (e) BTP PSB 2 - Criteria for Alarms and in- +

interlock prcnided from the load breaker to the Class dications Associated with Diesel-Gene- ,

1E bus supply breaker so that the supply breaker is rator Unit Bypassed and Inoperable

f| hieeled from tripping while fault current is flowing
Status jl'jcoj'

i
in the non-Class IE load feeder. This meets the
intent of the Regulatory Guide position in that the .

The onsite ae power system is designed !
I

main supply breaker is prevented from tripping on consistent with these positions.

i
E 3-11
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(4) Other SRP Criteria:

(a') NUREG/CR 0660 - Enhancement of
Onsite Diesel Generator Reliability ,

As indicated in Subsection ti.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 im-
posed as an interface requirement for the

I 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 available to 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.)

83.1.2.2 Deleted -
The ABWR reserve auxiliary transformer

--

'

has the same rating as the three unit i &.5.i _ Quality Assurance Requimnegts '

auxiliary transformers, and therefore can ( ONe $ d. 3. 3.J)
assume the full load of any one unit A planned quality assurance program is provided

in Ch' pter 17. This program includes a comprehen-auxiliary transformer (see a
g

-. 8.2.1.2). The interconnection t sive system to ensure that the purchased material,--
"-

capability for the ABWR is such that any manufacture, fabrication, testing and quality control

plant loads can be manually connected to of the equipment in the emergency electric power
receive power from any of the six sources system conforms to the evaluation of the emergency ;

(i.e., the two switchyards, the combustion electric power system equipment vendor quality +

turbine, and the three diesel generators). assurance programs and preparation of pro- / |
The ABWR therefore exceeds the curement specifications incorporating qualityf I {

requirements of the poheyissue. assurance requirements.~ The administrative |- ,

i responsibility and control provided are also des- .{
[{ cribed in Chapter 17. |

p
These quality assurance requirements include an f

'

1 appropriate vendor quality assurance program and - jM A ;Merft, ive co-Tre .s are organization, purchaser surveillance as required,- ,|J
d 0 gv ret-

'

ppcv
I pg///[ hI k StVWJ (5f'c

vendor preparation and maintenance of appropriate ;
,

2d test and inspection records, certificates mad other .

6 bN < j quality assurance documentation, and vendor - |
submittal of quality control records considered !

j! necessary for purchaser retention to verify quality of I

completed worit. .i
u ;

h j

B.3-12 |
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A necessary condition for receipt, installation and non-Class 1E circuits being' in an enclosed

placing of equipment in service has been the signing raceway without the requ;ired physical
and auditieg of QA/QC verification data and the separation or barriers betwepa the enclosed
placing of this data in permanent onsite storage files. raceway and the Class IE'or Associated cables

p.3.i r[ makes the circuits (relat'ed_titha.noi(-Class 4E
83.1 Environmental Considerations cable in the enclosed rackway} associated -

' circuits. / ( e
'

In addition to the effects of operation in normal f J.b9b l / "~

service environment, all Class 1E equipment is 83.p.b Quipment Identifi[ation
designed to operate during and after any design basis /
event,in the accident environment expected in the Equipment (panels, racks, junction or pull boxes)

area in which it is located. All Class IE electric of each division of the Clals 1E electric system and

equipment is qualified to IEEE 323 as discussed in various CVCF power supply divisions are identified

Section 311. See Subsection 83.43 for COL license as follows: /

information.
TM (1) The backgrou d of the name-plate for the

Physical Identification of Safety- equipment of dishion has the same color as
83[ lated EquipmentRe the cable j ket markers and the raceway

Jf,$ 15 f markers 'ated with that disision.
83 d.1 Power, Instrumentation and Control
f

Systems (2) Power . stem distribution equipment (e.g.,
motor ontrol centers, switchgear, trans-

Electrical and control equipment, assemblies, form s, distribution panels, batteries, chargers)

devices, and cables grouped into separate divisions is taf,ged with an equipment number the same
shall be identified so that their electrical divisional asjudicated on the single-line diegrams. j

assignment is apparent and so that an observer can
sisually differentiate between Class IE equipment (3) he nameplates are laminated black and white
and wiring of different divisions, and between Class plastic, arranged to show black engraving on a
1E and non-Class 1E equipment and wires. The white background for non-Class IE equipment.
identification methou shall be placed on color For Class IE equipment, the name-plates have

gd I >pded background with black engraving.
color ccoding. All markerwetha a division shall have the

,

<L1| same color. Fprisociated) cables treated as Class
IE (see Notel,1) , thercaKall be an *A* appended to 83. .1.2 Cable Identification

~'

the disisional designation (e.g.,"Al'). The latter *
All cables for Class IE systems and associatedstands for associ edAN( shall be used r

nondisisional cabi Associate cables are uni ely circuits (except those routed in conduits) are tagged

identified by a 1 ogitudin tripe or other olor every 5 ft prior to (or during) installation. A!! cables

coded method an a on the label color are tagged at their terminations with a unique

of the cable marker for associated cables s be the identifying number (cable number), in addition to

same as the related Class IE cable. ivisional the marking characteristics shown below.

separation requirements of individu pieces of
hardware are shown in the syste elementary Cables shall be marked in a manner of sufficient

diagrams. Identification of racew , cables, etc., durability to be legible throughout the life of the
shall be compatible with the iderdfication of the plant, and to facilitate initial verification that the
Class 1E equipment with which ' interfaces. loca- installation is in conformance with the separation

tion of identification shall be uch that points of criteria.
e

change of circuit classificati (at isolation desices,
Steh markings shall be colored to uniquely identify

etc.) are reajlpdentifiable.
the division (or non division) of the cable.~%hi{ated cidcuits added beyond theGenerally, individual conductors exposed by

~

3 Note l stripping the jacket are also color coded or color%1 certified dpsign must be specifically
%tified irnd justifiedWh% tagged (at intervals not to exceed 30.5 cm (1 ft.)) |

'ssociated circuits are defined in such that their division is still discernable.
Section .5.1 of IEEE 384-1981, with the Exceptions are permitted for individual conductors

clarifi ation for Items (3) and (4) that
W3
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within cabinets or panels where all wiring is unique name-plates, cables and raceways, as described !

to a single division. Any non-divisional cable within above. - / !

such cabinets shall be appropriately marked to g. $. 3. b I Y [
distinguish it from the divisional cables. 83.1).f4 Sensory Equipment Grouping and j

g.$ g. ] . 3 Designation Istters ,/ !

83 .13 Raceway dentifcation . -}3

Redundant sensory logic / control and actuation- L:

[All conduit is similarly tagged with a unique equipment for safety [-telated systems shall beidentified by suffix etters. Sensing lines areconduit number,in addition to the marking cha-
racteristics shown below, at 4.57 meters (15 ft) discussed in Section 7. 1.1. !

intervals, at discontinuities, at pull boxes, at points of 8.f 3 6 {
entrance and exit of rooms and at origin and 8 .4 Independence of Redundant Systems !

destination of equipment. Conduits containing K.JJ.6 /' |/
cables operating at above 600V (i.e.,6.9kV) are also 83.1f.4 Power S tems

j

|tagged to indicate the operating voltage. These f
markings are applied prior to the installation of the The Cass onsite electric power systems and |

cables. major composents of the separate power divisions is _i
shown on F e 83-1. !

'

All Class 1E cable raceways are marked with the
division color, and with their proper raceway Independence of the electric equipment and f

*

| identification at 4.57 meters (15 ft) intervals on raceway lystems between the different divisions is.
straight sections, at turning points and at points of maintained primarily by firewall-type separation as .i
entry and exit from enclosed areas. Cable trays are decrib/d in Subsection 83.1.4.2. Any exceptions are j

marked prior to installation of their cables. justif' d in Appendix 9A, Subsection 9A.5.5.5. j
!

To help distinguish the neutron-monitoring and be physicalindependence of electric power I

s stems complies with the requirements of IEEE |[scram solenoid cables from other type cables, the
tandard 384, General Design Criteria 17,18 and 21 t

j following unique voltage class designations and

and NRC Regulatory [ Guides 1.6 and 1.75. -[i markings are used:

$ 3 3 6 <I' i

]
] Type of Unique 83. 1 Class 1E Electric Equipment [

,

Special Cables Voltage O Arrangement i
.;
;

) Neutron.mor zoring VN (1) Class IE electric equipment and wiring is !

i segregated into separate divisions so that no 1
'

Scram solenoid cables VS single credible event is capable of disabling"

~ caough equipment to hinder reactor shutdown'

,

The VN or VS markings are superinrposed on and removal of decay heat by either of two !

the divisional color marbngs and placed t the same unaffected divisionalload groups or prevent !
<

< intervals. ~ isolation of the containment in the event of an -|

accident. Separation requirements are applied |
,

[ f(g- {NI prekcht#1 1

to control power and motive power for all !
d#d'.,, ,y,utron-monitoring cables are r n in their ownL

ivisional conduits and cable trayM:,.4 6 -C. systems involved. Access to dass IE equipment j,
.

_-

.- m.a. 2 & 2 is administratively controlled (see Section j' Ab , _ , _ -- m
tScram solenoid cables are run a separate conduit 13.6 3).>

for each rod scram group.
(2) Equipment arrangement and/or protective bar-

The redundant Cass 1E equipment and circuits, riers are provided such that no locally ge- .

assigned to redundan/, Class 1E divisions and nerated force or missile can destroy any re- |

non. Class IE system ,/quipment and circuits are dundant RPS, NSSS, ECCS, or ESF functions. ;'

readily distinguishable from each other without the In addition, arrangement and/or separation

: necessity for consulting reference materials. This is barriers are provided to ensure that such ,

accomplished by color coding of equipment, disturbances do not affect both HPCF and _|
i

/ RCIC systems.
r

8 3-14
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(3) Routing of wiring / cabling is arrange .uch as to
climinate, insofar as practical, al . tential for

,

fire damage to cables and t separate the
redundant divisions so that e in one division
will not propagate to another division. Class IE '

and non-Class 1E cabfes are separated in'

accordance with IEFM 354 and R.G.1.75 (see
Figures 9A.4-1 tbrpogh 9A.4-16).

/. I

/

I

8.5 14.1
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~ (4) An inde;endent raceway system is provided for (3) Sharing of cable try-All divisions of Class IE i

each division of the Class IE electric system. ' ac and de systems are /provided with |"

The raceways are arranged, physically, top to independent raceway systems. ,

bottom, as follows (based on the function and i ;

the voltage class of the cables): (4) Cable fire protection and detect!oe--For details [
of cable fire protection an'd detection, refer to !

(a) V4 = Medium voltage power,6.9kV (8kv Subsections 833 and 9.5. .. _|

insulation class). ;

(5) Cable and raceway markings-All cables (except [

(b) V3 = Low voltage power including 480 lighting and nonvita( communications) are . '!
iVAC,120 VAC,125 VDC power and tagged at their tertninations wi:h a unique

allinstrumentation and control identifying numbe/. Colors used for identi-
'

power supply feeders (600V fication of cables /nd raceways are covered in {

insulation class). Subsection 83.1 |

(c) V2 = High level signal and control, (6) Spacing of wi ng and components in control '
including 125 VDC and 120 VAC boards. Pam 'Is and relay racks--Separation is :

controls which carry less than 20A of accomplis d by mounting the redundant I
current and 250 VDC or ac for relay devices o other components on physically !

contactor control. separated control boards if, from a plant *

operatiodal point of view, this is feasible. When ;

(d) VI = Low level signal and control, operat%nal design dictates that redundant !

including fiber-optic cables and equipynent be in close proximity, separation is - !

metallic cables with analog signals up achi ved by a barrier or enclosure to retard i

to 55 V9C and digital signalup to 12 int rnal-fire or by a maintained air space in i
VDC. a rdance with criteria given in Subsection j

3.1.4.2. ;

Power cables (V3) are routed in flexible metallic .

|

conduit under the raised floor of the control In this case, redundant circuits which serve the
,

*** "* *' **" E* "'eMI brQ (f)'cc.|."ef* rcbm c ose prerm N ven. 'Im icee((vh dL through separated apertures and terminate on .|
"

r

8'3.1:4,1.2,flectric Cable Installation separate and separated terminal blocks.- Where |) j f .3 3. lo, % redundant circuits unavoidably terminate on the !

(N (1) Cable Derating and cable tray fill--Bas same device, barriers are provided between the I

P- ampacity rating of cables is established s device terminations to ensure circuit separation |
approved isolators (generally optical) are used. !described in Subsection 833.1. Electric ca es

of a discrete Class 1E electric system di sion |

are installed in a cable tray system provi ' .d for (7) Electric penetration assembly-The separation j
;

the same division. Cables are installe m trays of electric penetration assemblies exceeds the
in accordance with their voltage rati s and as requirements for cables and raceways given in I

described in Subsection 83.1.4.1. ay fillis as Section 6.1.5 of IEEE 384. Separation by |

established in Subsection 833.1. distance (without barriers) is allowed only. i
within the inerted containment. Here, the .|

(2) Cable routing in pote tally bostile minimum allowable distances of .9 meters (3 :

areas-Circuits of different ety divisions are feet) and 1.5 meters (5 feet) apply, as delineated i

not routed through the sa potentially hostile in Section 6.1.5 of IEEE 384. However, the
,

area, with the exceptio of main steam line lesser distances allowed by IEEE 384 for '

'

instrumentation and trol circuits and main enclosed raceways does not apply to the -

cap [tainmentynetrations themselves. 6gyMyD ,,,(qgi[
'

steam line isolation alves circuits which are
A '[/l/ de [ WIM[ Q'.7faamline break and turbineexposed to possible

* For the other ends 3f the penefrations, which p w .gmissiles, respect ely. Cable routing in the
drywellis discu sed in association with the are outside the containment in the non-inerted i

equipment it erves in the 'Special Cases" areas, sepajetfo'n b'y distan,ce alone is not j

Section 9A.5. allowed. Thesepseparpted by separate |
07 6 |

i
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roocis, or barriers, or different aor levels.
Such walls, barriers or floors are 3-bour
fire-rated.

/
Such separation criteria applie/to the following-

1. Bctween redundant penetrations,

/:

/s4t # 2. Between penetrati containing non-Class

d ~' '% 1E and penetrati s containing Class IE or,'#g associated Class E circuits, and
e

~|,
'' (,

,

3. Between penetrations centaining Class 1E
circuits s'nd other divisional or
2on-divisi 'alcables.

Redundant overcurrent interrupting devices are
provided all electrical circuits (including all

/

/
!

o

8.3-15.1
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instrumentation and control devices, as well as Once the safety-related equipment has been
power circuits) going through containment identified with a Class 1E/ safety division, the
penetrations,if the maximum available fault divisional assignment dictatds a characteristic color

current (including failure of upstream devices) is (Subsection 83.13) for posit /ve visual identification.

greater than the continuous current rating of the Likewise, the divisionalidryntification of all ancillary
penetration. This avoids penetration damage in equipment, cable and race ays match the divisional
the event of failure of any single overcurrent assignment of the system ' supports,
device to clear a fault within the penetration or M $ (,.L

83[trumentation and Control Systems.2 Independenceff Redundant Class IEbeyond it. See Subsection 83.4.4 for COL
Inslicense information.

p).7.6 Ih This subsection [ defines independence criteria
83.%3 Control of Compilance with applied to Clads 1E electrical systems and |Separation Criteria During Design and
Installation instrumentation'and control equipment. Safety-

related syster[itigate the effects of anticipated and
to which the criteria apply are those

Compliance with the criteria which insures necessary to

independence of redundant systems is a supervisory abnormal perational transients or design basis
responsibility during both the design and installation accident This includes all those systems and

phases. The responsibility is discharged by: functio enumerated in Subsections 7.1.13,7.1.1.4,
7.1.1.5 and 7.1.1.6. The term * systems" includes the

(1) identifying applicable criteria; overlli complex of actuated equipment, actuation
de Ices (actuators), logic, instrument channels,

(2) issuing working procedure to implement these ntrols, and interconnecting cables which are
criteria; equired to perform system safety functions. The

criteria outlines the separation requirements
(3) modifying procedures to keep them current and necessary to achieve independence of safety-related

workable; functions compatible with the redundant and/or
diverse equipment provided and postulated events.

(4) checking the manufacturer's drawings nd ). ') .3 . (, . 7 . [
83.JA1.1 Generalspecifications to ensure complianc with

procedures; and
Separation of the equipment for the systems

(5) controlling installation and proevtement to referred to in Subsections 7.1.13,7.1.1.4,7.1.1.5, and

assure compliance with approve and issued 7.1.1.6 is accomplished so that they are in compliance

drawings and specifications. with 10CFR50 Appendix A, General Design Criteria
3,17,21 and 22, and NRC Regulatory Guides 1.75

The equipment nomenclature d on the ABWR (IEEE 384) and 1.53 (IEEE 379).
standard design is one of the p mary mechanisms
for ensuring proper separat' n. Each equipment Independence of mutually redundant and/or di-

and/or assembly of equip ent carries a single verse Class IE equipment, devices, and cables is

number, (e.g., the item n bers for motor drivers achieved by three-hour fire-rated barriers and elec-

are the same as the mac nery drives). Based on trical isolation. This protection is provided to

these identification nbers, each item can be maintain the independence of nuclear Class 1E |
identified as Class 1 or non-Class 1E, and each circuits and equipment so that the protective

Class IE item can f er be identified to its safety function required during and following a design basis

separation divisi . This is carried through and event including a single fire anywhere in the plant or

dictates approp ate treatment at the design level a single failure in any circuit or equipment can be

during preparat' n of the manufacturer's drawings. accomplished. The exceptional cases where it is not
possible to install such barriers have been analyi.ed

Non-Clas E equipment is separated where de- and juded in Appendix 9A.5.
sired to ca ance power generation reliability,
although duch separation is not a safety consid-
eration.

83 16
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.2kpEntion Techniques instrument racks will not contain cir 'ts or devices -|83.1
of the redundant protection rystem or ESF systems !

The methods used to protect redundant safety except. ,

systems from results of single failures or events are i

utilization of safety class structures, three-hour fire- (1) Certain operator interface control panels may I

rated protective barriers, and isolation devices.- have operational considerati'ons which dictate !

$j.'2,(,.L7[ that redundant protection sp, tem or ESF system |j

83.1.p.1 Safety Class Steveture circuits or devices be locayed in a single panel. {
These circuits and d vices are separated i$

The basic desiga consideration of plant layout is horizontally and vertically by a minimum |

such that redundant circuits and equipment are distance of 15.24 crg/(6 inches) or by steel !

located in separate safety class areas (i.e., separate barriers or enclosures / Solid or flexible metalic
fire zones) insofar as possible. The separation of conduit is consider /d an acceptable barrier, [
Class IE circuits and equipment is such that the providing 2.54 cm (1 inch) separation is ';

required independence will not be compromised by maintained betw'een the outside wall of the :

the failure of mechanical systems served by the Class conduit and oth'er wiring not of the'same
'

I

:

1E electrical system. For example, Class IE circuits didsion. :

are routed or protected so that failure of related 4

mechanical equipment of one system cannot disable (2) Class 1E c' cuits and devices will also be
>

Class 1E circuits or equipment essential to the separated om the non-Class IE circuits and ;

operation of a redundant system. This separation of from ca other horizontally and vertically by a . +

Class 1E circuits and equipments make effective use minimty/n distance of 6 inches or by steel :

of features inherent in the plant design such as using barricyt or enclosures. Solid or flexible metalic - !

different rooms or floors. conddit is considered an acceptable barrier,

_ $,1 3 1,-7.7 3 prg4iding 2.54 cm (1 inch) separation is |

83.1.462.2 'Ihree-Hour Tire Rated Protective maintained between the outside wall of the
>

'

Barders onduit and other wiring not of the same
division.

:
Three-hour fire rated protective barriers shall be

such that no locally generated fire, or missile ) Where electricalinterfaces between Class 1E
resulting from a design basis event (DBE) or from and non-Class IE circuits or between Class IE
random failure of Seismic Category I equipment can f circuits of different didsions cannot be avoided,' j

disable a safety-related function.ghe exceptional / Class IE isolation devices are used (Subsection
~

cases where it is not possible to install such barrie ] 83.1.4.2.2.4). Solid or flexible metalic conduit is
have been analzed and justified in Appendix 9A.5 considered an acceptable barrier, providing 2.54 ,

em (1 inch) separation is maintained between -[
the outside wall of the conduit and other wiring :

Separation in all safety equipment er cab areas

shall equal or exceed the requirements of 384 ~ not of the same division. 1

?T 1)j d < 7.7.) .

83.1.4.2.23 Male Ccatrol Room and y Room (4) If two panels containing circuits of different - |
separation divisions are less than 3 feet apart, j

Panels
there shall be a steel barrier between the two !

The protection system and ESF ntrol, logic, and panels. - Panel ends closed by steel end plates _]

instrument panels / racks shall located in a safety are considered to be acceptable barriers '|
'

class structure in which t re are no potential provided that terminal boards and wireways are

sources of missiles or p' e breaks that could spaced a minimum of 2.54 cm (1 inch) from the | |
jeopardize redundant ca ~ s and raceways. end plate.

,

'

Control, relay, and i ' ment panels / racks will be (5) Penetration of separation barriers within a -
designed in accord ce with the following general subdivided panelis permitted , provided that |,

criteria to preclu failure of non-safety circuits from such penettations are sealed or otherwise ;

causing failure any safety circuit and to preclude treated so that fire generated by an electrical. :

failure of on afety circuit from causing failure of fault could not reasonably propagate from one j-

any other re undant safety circuit. Single panels of section to the other and disable a protective _!

'|""#**' '
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83.1p,4 Isi4ation Devices to maintain electrical isola ton between ' i

dhisions.
Where electricalinterfaces between Class IE

and non-Class 1E circuits or between Class IE (3) Sensor wiring for several rip variables i

circuits of different divisions cannot be avoided, associated with the trip ch is of one dhision
I

Class IE isolation devices will be used. AC isolation may be run together in the s me conduits or in
(the FMCRD drives on Division 1 is the only case) is Ihe same raceways of t' at same and only
provided by interlocked circuit breaker coordination division. Sensor wiring ssociated with one
and an isolation transformer as described in division will not be to ted wittpa : ;k.a ,

Subsection 83.1.1.1. gdrh Aany wirin or cabling associated |d

[ with a redundant dh' n. ,

Wiring from Class IE equipment or circuits
,

which interface with non-Class 1E equipment circuits (4) The scram solenoi circuits, from the actuation

(i.e., annunciators or data loggers) is treated as Class devices to the sol olds of the scram pilot vr.tves
IE and retain its divisional identification up to and of the CRD by aulic control units, will be run ..

including its isolation device. The output circuits in grounded st I conduits, with no other wiring (
from this isolation device are classified as non- contained w thin the conduits, so that each
dhisional and shall be physically separated from the scram groupis protected against a hot short to
dhisionalwiring. any other ' by a grounded enclosure. Short ,

$.3.id 7 O
i

section (less than one meter) of flexible
83.1 .I3 System Separation Requirements metall* conduit will be permitted for making/ tions within panels and the connectionsconn

to t solenoids.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" (5) S parate grounded steel conduits will be
corresponds with Class IE electrical dhision T, "B" rovided for the scram solenoid wiring for each ;

with *II*, and 'C' with *III".) Other separation of four scram groups. Separate grounded steel .!,

requirements pertaining to the RPS and other ESF conduits will also be provided for both the A ' ,

solenoid wiring circuits and for the B solenoid !
,

systems are given in tpe(followinj subsections.
"

3, ') . 7. -7.').[ wiring circuits of the same scram group.

83.1. J.1 Keactor Protection (Tdp) System

( ) (6) Scram group conduits will have unique ident- ,

ification and will be separately routed as
The following separation requirements apply to t . Division II and III conduits for the A and B |,

RPS wtrmg- solenoids of the scram pilot valves, respectively.*

This corresponds to the dhisional assignment of

(1) RPS sensors, sensor input circuit wiri trip their power sources. The conduits containing
channels and trip logic equipment ill be the scram solenoid group wiring of any one

scram group will also be physically separated by |arranged in four functionally indepe ent and
a minimum separation distance of 2.54 cm (1

- dhisicnally separate groups designat Dhisions
I, II, II and IV. The trip cha nel wiring inch) from the conduit of any other scram"

associated with the sensor input s' for each group, and from metal enclosed raceways which

of the four divalam providesin to dhisional contain either divisional or non-Class IE |
logic cabinets which are in th same divisional (non-divisional) circuits. The scram group
group as the sensors and rip channels and conduits may not be routed within the confines

which are functionally adependent and gf any other tray or raceway system. The RPS

physically separated fro the logic cabinets of conduits containing the scram group wiring for

the redundant dhisions.
the A and B solenoids of the scram pilot valves
(associated with Divisions II and III,

(2) Where trip channy data originating from respectively), shall be separated from
sensors of one division are required for non-enclosed raceways associated with any of

coincident trip logic circuits in other divisions, the four electrical divisions or non-divisional
Class IE isoldion devices (i.e., fiber optic cables ' .;=3n 4 IEEE L J

medium) willbe used as interface elements for
t;;;ha., Sf; .75 ' - $9 m (3 ft)^

ugnah sent from one division to another such as [horizontal, or 1.5 m (5 ft)fvertical, orc W
4

&h am a dch t r o ~o bemer
Seferated by 2.5cm (1 incQ 883-1

Amendment
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(7) Any scram group conduit may be routed by the valve operator or other available
i

alongside of any cable or raceway containing structural barriers not suse tible to disabling

cither Class IE circuits (of any division), or any damage from the pipe lin break. Additional ,

cable or raceway containing non-Class IE mechanical protection arriers) shall be
circuits, as long as the conduit itself is not within interposed as necessar etween wiring and

the boundary of any raceway which contains potential sources of disabling mechanical

either the divisional or the non-Clas 1E circuits damage consequential t a break downstream of

and is physically separated from said cables and the outboard valve.

raceway boundaries aa stated in (6) above. Any ,

one scram group conduit may also be routed (4) The several systems omprising the ECCS have
'

along with scram group conduits of the same their various sensdrs, logics, actuating devices

scram group or with conduits of any of the three and power sup tes assigned to divisions in
other scram groups as long as the miniaum accordance wi Table 83-1 so that no single

| separation distance of 2.5 cm (one inch) is failure can disp le a redundant ECCS function,

maintained. This is acco plished by limiting consequences
of a single ailure to equipment listed in any one

(8) The standby liquid control system redundant division pf Table 83-1. . (Note that in Table

Class IE controls will be run as Division I and 83-1, d%sel generator *A* corresponds with
Division 11 so that no failure of standby liquid Class E electrical division *I*, *S* with *II*, and

control (SLC) function will result from a single *C'i b *Ill".) The wiring to the ADS solenoid

electrical failure in a RPS circuit. valv s within the drywc!! shall run in rigid
co/duit. ADS conduit for solenoid A shall be

(9) The stattup range monitoring (SRNM) d' isionally separated fron solenoid B conduit. ,

subsystem cabling of the NMS cablir" - nder the ort pieces (less than .6 m [2 ft.]) of flexible | .
'

vessel is treated as divisional. .SRNM conduit may be used in the vicinity of the valve

cables will be assigned to Divisien 1, II, III and solenoids.
IV. Under the vessel, cables will be enclosed
and separated as defined in Appendix 9A.5.5.5. 5) Electrical equipment and raceways for systems

p. 3,14 7 7.1 listed in Table 83-1 shall not be located in closeM.
83.f. O'ther Safety-Related Systems proximity to primary steam piping (steam

leakage zone), or be designed for short term

(1) Separation of rtdundant systems or portions o exposure to the high temperature leak.

a system shall be such that no single failure cad
(6) Class 1E electrical equipment located in the\NY :

p f

prevent initiation and r.ompletion of 'n
engineered safeguard function. suppression pool level swell zone is limited toAC "

suppression pool temperzfure monitor %_ O (yJ)

(2) The inboard and outboard isolation valves art. ppesTterminati6n(s*caled such that
'

redundant to each other so they ar made operation would not be4mpaired by sub-
independent of and protected from e h other mersion due to pool swell or LOCA. Consistent

to the extent that no single failure c- prevent with their Class IE status, these devices are also

the operation of at least one of a inboard / qualified to the requirements of IEEE 323 for

outboard pair. the emironment in which they are located.
,

(3) Isolation valve circuits require s cial attention (7) Containment penetrations are so arranged that
because of their function n limiting the no design basis event can disable cabling in

consequences of a pipe b ak outside the more than one division. Penetrations do not

primary containment. Iso tion valve control contain cables of more than one divisional
and power circuits are req red to be protected assignment.

from the pipe lines that ey are responsible for
isolating. (8) Annunciator and computer inputs from Class IE !

!
equipment or circuits are treated as Class 1E

| Class IE isolation valve wiring in the vicinity of and retain their divisional identification up to a

the outboard val or downstream of the valve) Class IE isolation device. The output circuit

shallbe installed conduits and routed to take from this isolation device is classified as
advantage of11 mechanical protection aMorded nondhisional.

/
-
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Annunciator and mputer inputs from non- The batteries are installed in accordance with ;

Class 1E equip, at or circuits do not require industry recommended practice as defined in IEEE j

isolation deviyA 484, and meet the recommendations of Section 5 of |
;

IEEE946(sec 83.432) ? hadO [d8.3.2 DC Power Systems
:83.1.1.2 Class 1E DC Imads (f/) !

83.2.1 Description
The 125 VDC Class IE power is required for > |

83.2.1.1 General Systems emergency lighting, diesel-generator field flashing; ;

control and switching functions such as the control of ' !

A DC power system is provided for switchgear 6.9-kV and 480V switchgear, control relays, meters -!

control, control power, instrumentation, critical and indicators, multiplexers, vital ac power supplies, !

motors and emergency lighting in control rooms, as well as de components used in the reactor core

switchgear rooms and fuel handling areas. Four isolation cooling system. j
~

,;independent Class 1E 125VDC divisions, three
independent non-Class 1E 125VDC load groups and The four divisions that are essential to the safe

'

_

one non-Class 1E 250VDC computer and motor shutdown of the reactor are supplied from four |

power supply are provided. See Figures 83-4 for the independent Class IE 125 VDC buses. | [
'

single lines.
83.2.13 Station Batteries and Battery

1

Each battery is separately housed in a ventilated Chargers, General Considerations

room apart from its charger and distribution panels.
The four ESF divisions are supplied from the four |Each battery feeds a de distribution switchgear panel

,

which in turn feeds local distribution panels and de Class 1E 125 VDC systems (See Figure 83-4). Each

motor control centers. An emergency eye wash is of the Class IE 125 VDC systems has a 125 VDC

supplied in each battery room. battery, a battery charger and a distribution panel. e

f+O One standby battery charger can be connected to |
1

/ The capacity of each of the four redundant Class either of two divisions and another standby battery

1E battery chargers is based on the largest combined charger can be connected to either of two other ;

demands of the various continuous steadv-state divisions. Kirk key interlocks prevent cross ~ ;
;

loads, plus charging capacity to restore the battery connection between divisions.. The main dc
;distribution buses include distribution panels,

from the design minimughargate toghe fu ly
E drawout. type breakers and molded' case circuit

M @ e M t p e,yithi h _*:".._ 8 5 [ib 7fY
w

5%
,

7_ .fegardless of the status of the plant breakers.
!

l during which these demands occur (see 83.435). f)
,

-

P - The Class 1E 125 VDC systems supply de power to
-

All chargers are sized to supply the continuous Divisions I, II, III and IV, respectively, and are ,

I

load demand to their bus while restoring batteries to designed as Class 1E equipment in accordance with '

a fully charged state. IEEE Std 308. They are designed so that no single
failure in any 125 VDC system will result in ;

83.2.1.1.1 Class 1E 125 VDC Systess conditions that prevent safe shutdown of the plant !

with the remaining ac power divisions. The plant | |

The 125 VDC system provides a reliable control design and circuit layout from these de systems |

and switching power source for the Class IE systems. provide physical separation of the equipment, cabling ,

and instrumentation essential to plant safety.
;Each 125 VDC battery is provided wit!' t charger,

and a standby charger shared by two divm.ons, each - Each division of the system is located in an area .

of which is capable of recharging its battery from a separated physically from other divisions. All the ;'

discharged state to a fully charged state while components of Class IE 125 VDC systems are

handling the normal, steady-state de load. housed in Seismic Category I structures. |

Batteries are sized for the de load in accordance 83.2.13.1 125 VDC Systems Configuration
.

with IEEE Standard 485. |'( - Figure 8.3-4 shows the overall 125 VDC system

d so 1& regared h |
s

baWrt c arc sfit * " N "# ' U "yU c r t o e/ Ca re c i % o+ i' 83 20

en[s f- e!nkiled- l* fC ui4 h Me'7c clesy u cien.a.& |
Ieoknenament

o
!

I
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provided for Class 1E Divisions I, II,III and IV.
One divisional battery charger is used to supply each
divisional de distribution panel bus and its associated
battery. The divisional battery charger is normally
fed from its divisional 480V MCC bus, with no
automatic transfer between buses.

r

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

i

B}20.1
Amendment
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battery from a discharged state to a fully charged There are bus tie breakers between buses. Normal
state while handl6g the normal, steady-state de load. operation is with bus tie breakers open and ,

' Cross connection between two divisions through a interlocks prevent paralleling batteries. Eachload
, 0, at least two group's battery and charger may be removed from> 9 01 standby charger is p egented tg /c%otentialinterlocked breaker ,d dfesM service as a unit for maintenance or testing. A

cross.conneet path. (See Figure 8.3-4 and battery can be recharged by its charger prior to being

Subsection 83.4.18.) placed back into sersice.

The maximum equalizing charge voltage for Class One backup charger is provided and is
1E batteries is 140 VDC. The de system minimum connectable to any of the three buses, one bus at a
discharge voltage at the end of the discharge period time, under control of Kirk key interlocks to:
is 1.75 VDC per cell (105 volts for the battery). The
operating voltage range of Class 1E de loads is 100 to (a) Perform extended maintenance on the normal
140V. charger for the load group.

As a general requirement, the batterics. harm (b) To make a live transfer of a bus to :upply power
sufficient stored energy to operate connected Clac !E) tom the bus of another load group without
2 1 edloads continuously for atleast two paralleling the two batteries.

'

hours without recharging. The Division I battery,

which controgls he RCIC ' stem,is sufficient for The chargers a e load limiting battery replacement

eight hoursyoJ4o . uring station blackout. type chargers capable of operation without a battery
During this event scenario, the load reductions on connected to the bus. The backup charger may be
Divisions II, Ill, and IV also extend the times these supplied from the ac supply of any one of the three

batteries are available (See Subsection 19E.2.1.2.2). load groups. It may be used to charge any one ,

Each distribution circuit is capable of transmittisg battery at a given time. For example the load Group

sufficient energy to start and operate all required B battery may be charged from load Groups A or B

loads in that circuit. or C ac power via the backup charger.

A load capacity analysis has been performed. E. .h but is connectable to either of the other
'

based on IEEE 485-1978, for estimated Class 1E de two buses sia Kirk key interlocked tie breakers. The

battery loads as of September,1989. J Kirk key interlock system allows paralleling of

r
"

chargers. Since the chargers are self load limiting,
An initial composite test of onsite ac and de power parallel operation is acceptable. The Kirk key

systems is called for as a prerequisite to initial fuel interlock system prevents parallel operation of
loading. This test will verify that each battery batteries. This is to prevent the possibility of
capacity is sufficient to satisfy a safety load demand paralleling batteries which have different terminal
profile under the conditions of a LOCA andloss of voltages and experiencing a large circulating current

preferred power. as a result.

Thereafter, periodic capacity tests may be con- The battery output breaker has an overcurrent trip

j ducted in accordance with IEEE Std 450. These and interrupts fault current flow from the battery to,

( tests will ensure that the battery has the capacity to a bus fault. A combination disconnect switch and

j continue to meet safety load demands, fuse is an acceptable alternate for the battery output
breaker. The charger output breaker and the bus

i
i See Subsection 8.3.4.6 for COL license input breaker do not have overcurrent trips as the

| informations. charger is load limiting and therefore protects itself.
They are used as disconnect switches only. Bus load

83.2.13.2 Non-Class IE 125V DC Preer Supply breakers have overcurrent trips coordinated with the
battery output breaker. Tripping current for the load

A non-class 1E 125VDC power supply, Figure breakers is supplied by the battery.

I | 8.3-4, is provided for non-Class 1E switchgear,
valves, converters, transducers, controls and See Subsection 83.4.6 for COL license informa-

tion.
( instrumentation. The system has three load groups '

with one battery, charger and bus per load group.s

N A L| n e =I<< sis uill hD .2.133 Non-Class 1E 250V DC Power Supply,A 83(
~

- BMIN ne (Sec P 3 y-CbAmendment meters are
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A non-class IE 250VDC power supply, Figure

e
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83-4, is provided for the computers and the turbine Class IE buses. ,

turning gear motor. The power supply consists of
one 250VDC battery and two chargers. The normal (2) The differential relays in one didsion and all the

charger is fed by 480VAC from either the load interlocks associated with these relays are from

Group A or load Group C turbine building load cen- one 125 VDC system only, thereby eliminating

ters. Selection of the desired AC supply is by a any cross connections between the redundant

mechanically interlocked transfer switch. The DC systems. |

standby charger is fed from a load Group A control
building motor control center. Selection of the 83.2.2.2 Regulatory Requirements

normal or the standby charger is controlled by key
interlocked breakers. A 250VDC central distri- The following analyses demonstrate compliance of

bution board is provided for connection of the loads, the Class 1E Divisions I,II,111 and IV DC power |

all of which are non-class 1E. systems to NRC General Design Criteria, NRC
Regulatory Guides and other criteria consistent with

83.2.13.4 Ventilation the standard review plan. The analyses establish the
ability of the system to sustain credible single failures

Battery rooms are ventilated to remove the minor and retain their capacity to function.

amounts of gas produced during the charging of
batteries. The following list of criteria is addressed in

accordance with Table 8.1-1 which is based on Table

83.2.13.5 Station Blackout 8-1 of the Standard Redew Plan (SRP). In general,
the ABWR is designed in accordance with all

Station blackout performance is discussed in criteria. Any exceptions or clarifications are so

Subsection 19E.2.1.2.2. See Subsection 83.4.16 fo2_.-.moted.
COL license information. ,f pc defer

p a55ff[g pavie/ 1) General Design Criteria (GDC):
2e83.2.2 Analysis p Mf'j g jc, (a) Criteria: GDCs 2,4,17, and 18.

io

83.2.2.1 General DC Power Systems
(b) Conformance: The de power system is in

The 480 VAC power supplies for the divisional compliance with these GDCs . The
battery chargers are from the individual Class IE GDCs are generically addressed in

Subscaion 3.1.2., MCC to which the particular 125 VDC system
belongs (Figure 83-4). In this way, separation
between the independent systems is maintained and (2) RegulatoryGuides(RGs):
the AC power provided to the chargers can be from
either preferred or standby AC power sources. The (a) RG 1.6 - Independenee Between
DC system is so arranged that the probability of an Redundant Standby (Onsite)

internal system failure resulting in loss of that de Power Sources and Between
Their Distribution Systemspower system is extremelylow. Important system

components are either self-alarming oh failure or
capable of clearing faults or being tested during (b) RG 132- Criteria for Safety-Related
service to detect fauks. Each battery set is located in Electric Power Systems for,

its own ventilated battery room. All abnormal Nuclear Power Plants

conditions of important system paremeters such as
charger failure or low bus voltage are annunciated i Fuses cannot be periodically tested and

the main control room and/or locally. are exempt from such requirements per
Section 4.1.7 of fEEE 741.

|
AC and DC switchgear power circuit breakersin

each division receive control power from the (c) RG 1.47- Bypassed and Inoperable Sta-
tus Indication for Nuclearbatteries in the respective load grouips ensuring the
Power Plant Safety Systems

following-

(1) The unlikely loss of one 225 VDC system does
not jeopardize the Class IE feed supply to the

8.3-22
Amendment
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(d) RG 1.63 - E l e c t r i c P e n e t r a t i o n
Assemblies in Containment
Structures for Light.
Water-Cooled Nuclear Power
Plants
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The DC emergency standby lighting system - Portions of Safety Systems

circuits up to the lighting fixtures are Class
1E associated _and are routed in seismic. Fuses cannot be periodically tested and '

Category I raceways. However, the lighting are exempt from such requirements per
fixtures themselves are not seismically .Section 4.L7 ofIEEE 74L
qualified, but are seismically supported.
The cables and circuits from the power (k) RG 1.155 - Station Blackogg j

source to the lighting fixtures are Class 1E (f6C Afread y (C) |
associated. The bulbs cannot be seismically The Class IE DC power system is designed in | !

qualified. This is why the circuits are Class accordance with the listed Regulatory Guides. ,

IE associated. The bulbs can only fail open It is designed with sufficient capacity, inde- i

and therefore do not represent a hazard to pendence and redundancy to assure that the j

the Class IE power sources. required power support for core cooling, .|
I/ 1US e 'erutW, containment integrity and other vital functions is

'~

\ ([' O*y of Pergssociated circuits add d beyond the
devi/c; 7Ac cmerja" 5

maintained in the event of a postulated accident,'- ;
.

certified design must be specifically A
assuming a single failure.- :\ '

l^'identified and justified.H _.2

\ r ' ^^.' Associated circuits are defined in The batteries consist of industrial-type storage
f Section 5.5.1 of IEEE 384-1981, with the cells, designed for the type of service in which - ,

clarification for Items (3) and (4) that they are used. Ample capacity is available to (
non-Class 1E circuits being in an enclosed serve the loads connected to the system for the !

raceway without the required physical duration of the time that alternating current is j

separation or barriers between the enclosed not available to the battery charger. Each ~j

raceway and the Class IE o'r associated division of Class IE equipment is prov'ded with !.

cables makes the circuits (related to the a separate and independent 125 VDC system. j
non-Class 1E cable in the enclosed .

:

raceway) associated circuits.' The DC power system is designed to permit f

inspection and testing of all important areas and ,

(f) RG 1.106- Thermal Overload Protection features, especially those which have a standby |
for Eleetric Motors on function and whose operation is not normally j

Motor-Operated Vah'es demonstrated.
- ~ _

Safety functions which are required to go to (i) RG L153 Criteria For Power, Instru- I

completion for safety have their thermal mentation, and Control Por-

overload protection devices in force during tions of SafetySystems
'!normal plant operation but the overloads

@} are bypassed under accident conditions per (j) RG L155 ' Station Blackout .

*

hgA[ k egulatory Postion L(b) of the guide. g
R

Credit is not taken for the CTG as an ,

/ (g) RG 1.118 - Periodic Testing of Electric alternate AC source (AAC) so Section :

Power and Proteetion 3.3.5 of RG 1.155 is not required to be i

Systems m et. (The CTG does meet the ;

requirements of Section 3.3.5, however.)
'

(h) RG 1.128- Installation Designs and In. See Section 19E.2.L2.2 for a discussion of
stallation of Large lead Stor- compliance with RG L155.

|age Batteries for Nuclear
Power Plants (3) Bran echnical Positions (BTPs): |

(i) RG L129- Maintenance, Testing, and BTP ICSB 21 - Guidance for Application of

Replacement of Large Lead Regulatory Guide L47.
Storage Batteries for Nuclear :

Power Plants The de power system is designed consistent with
this criteria. .

t

0) RG L153 - Criteria for Power, Instru-
mentation, and Control (4) Other SRP Criteria-

Amendment
!
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According to Table 81 of the SRP, there are no compliance in Subsection 9.5.1.0). |
!

f her criteria applicable to de power systems. 7,y.gf,2 '

4@Si "acalization of nres
-

8JMirr Protection of Cable Systems

hM{ S3.38 In the event of a fire, the installation design will .

b The basic concept of fire protection for the cable localize the physical effects of the fire by preventing .[
system in the ABWR design is that it is incorporated its spread to adjacent areas or to adjacent raceways !

into the design and installation rather than added of different divisions.' Localization of the effect of f

onto the systems. By use of fire resistant and fires on the electric system is accomplished by ;

nonpropagating cables, conservative application in separation of redundant cable systems andy"g'g !

regard to ampacity ratings and raceway fill, and by equipment as described in SubsectionhtstS Hoors
- [

.

separation, fire protection is built into the system. and walls are effectively used to provide vertical and

Fire suppression systems (e.g.; automatic sprinkler horizontal fire-resistive separations between
rystems) are provided as listed in Table 9.5.1-1. redundant cable divisions. Nove m

aper . . >

p 3 % R.I In any given fire area an attempt is made to insureNs w ~: ,.
i

ESM Resistance of Cables to Combustion N .3./
that there is equipment from only one Class IEh|7fff,)

The electrical cable insulation is designed to resist division. This design objective is not always met dud ^ p |!
the onset of combustion by limiting cable ampacity to to other over-riding design requirementsAC M
levels which prevent overheating and insulation & and %/.-.c., CM !.5 m a..Myu E !

"' -- In addition an analysisis made and f
,

failures (and resultant possibility of fire) and by oEchoice of insulation and jacket materials which have documented in Section 9A.S.5 to ascertain that the i

flame-resistive and self-extinguishing characteristics. requirement of being able to saw s'sut the plant !

Polyvinyl chloride or neoprene cable insulation is not down with complete burnout of the fire area without |

used in the ABWR. All cable trays are fabricated recovery of the equipment is met. The fire detection, i'

from noncombustible material. Base ampacity rating fire suppression and fire containment systems [

of the cables was established as published in provided should assure that a fire of this magnitude - |

IPCEA-46-426/IEEE S-135 and IPCEA-54-440/ does not occur, however.
'

NEMA WC-51. Each coaxial cable, each single ;

conductor cable and each conductor in multi- Maximum separation of equipment is provided t

conductor cable is specified to pass the vertical flame through location of redundant equipment in separate

test in accordance with UI 44 fire areas. The Class IE divisional AC unit
'

substations, motor control centers, and DC
la addition, each power, control and instru- distribution panels are located to provide sepa- .

mentation cable is specified to pass the vertical tray ration and electricalisolation between the divisions. -t

flame test in accordance with IEEE 383. Clear access to and from the main switchgear rooms :i

is also provided. Cable chases are ventilated and
Power and control cables are specified to con- smoke removal capability is provided. Local ;

tinue to operate at a conductor temperature not instrument panels and racks are separated by safety '

division and located to facilitate required separation
hexceedini,90 C and to withstand an emergeocyoverload temperature of up to 130 C in accordance of cabling.-

g[ with IPCEA S-66-524/ NEMA WC-7 Appendix D.
y,g,y.y.jj

Each power cable has stranded conductor and 4*3;3- nre Detection and Protection Systems j
e

flame-resistive and radiation-resistant covering.

h Conductors are specified to continue to operate at All areas of the plant are covered by a fire |

D 100% rela ive humidity with a service life expectancy detection and alarm system. Double manual hose !
AA

of 60 years Also, Class 1E cables are designed and coverage is provided throughout the buildings. "

qualified to survive the LOCA ambient condition at Sprinkler systems are provided as listed on Table
the end of the 60.yr life span. The cable installation 9.5.1-1. The diesel generator rooms and day tank

(i.e., redundant divisions separated by fire barriers) rooms are protected by foam sprinkler systems. The

is such that direct impingement of fire suppressant foam sprinkler systems are dry pipe systems with {

will not prevent safe reactor shutdown, even if failure pre-action valves which are actuated by com- i

of the cable occurs. Cables are specified to be pensated rate of heat rise and ultraviolet flame |

submersible, however (See the fourth requirement / detedors. Individual sprinkler heads are opened by |

their thermallinks.

B 3 23 I |
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8.3.4 COL License Information protected by one of the followmg: ,

}

83A.1 laterrupting Capacity of Electrical (1) The maximum available fault current (including . |
Distribution Equipment failure of upstream devices) is less than the !

maximum continuous current capacity (based on - .

i
The' interrupting capacity of the switchgear and no damage to the penetration) of the conductor -

circuit interrupting devices must be shown by the within the penetration; or / M6 [
COL applicant to be compatible with the magnitude [ p j

of thepvaila le fault current based on final selection (2) Redundant circuit protection devices are
b

i
'

of th transf er impedence, etc. (See Subsection provided, and are adequately designed and set

83.1.5/(4 . to interrupt current,in spite of single failure, at I

9 a value below the maximum continuous current !

8 4.2 sel Generator Design Details capacity (based on no damage to the i
'

penetration) of the conductor within the
Subsection 8.3.1.1.8.2 (4) requires the diesel penetration. Such devices must be located in j

generators be capable of reaching full speed and separate panels or be separated by barriers and
!

voltage within 20 seconds after the signal to start. must be independent such that failure of one

The COL applicant will demonstrate the reliability of will not adversely affect the other. Furthermore, .

the diesel generator start-up circuitry designed to they must not be dependent on the same power ;

accomplish this.
- supply.

r

83A3 CertifiepTo._of Tests on Appropriate plant procedures shall include
periodic testing of protectivegdfor current

_

,!

bO' k' g ~ limiting devices (except fuse %to demin's'tE[tgdj @{(,,4 iCable Sam
7

d 'i

tion 30.b 2equires certified proof tests their functional capability to perform theirSubs '!on cab s to demon tsafe 60-year life, and resis- required safety functions.
:tance tom n, flame and the emironment. The

COL applicant will demonstrate the testing 83A.5 (deleted) [

methodology to assure such attributes are acceptable
f83A.6 DC Voltage Analysis

for the 60-year life. , (ov'rd- Wfiy thice Gr- [Testw3 oT Provide a DC voltage analysis showing battery | !

83AAfElectrical Penetration Assemblies terminal voltage and worst case de load terminal - ;

Subsection 8.3.1.4.1.2. (7) specifies design voltage at each step of the Class 1E battery loading ,

requirements for electrical penetration assemblies. profile. (See Subsection | 1

bN |Provide fault current clearing-time curves of the
electrical penetrations' primary and secondary Provide the manufactuer's ampere-hour rating of j

/'. current interrupting devices plotted against the the batteries at the two hour rate andat thgeight !

fbj thermal capability (I,t) curve of the penetration (to hour rate, and provide the one minuriampere rhting |
- maintain mechanic.d integrity). The COL applicant of the batteries (see Subsection 83 13.1 ). i

'

will provide an analysis showing proper coordination _

of these curves. Also, provide a simplified one-line 83A.7 (deleted ;

idiagram showing the location of the protective
devices in the penetration circuit, and indicate the 83A.8 (deleted) |

J

N maximum available fault current of the circuit. ' ;

83A.9 Offsite tower Supply Arrangement jgy )
j The COL applicant will provide specific .

;7

g#
![h[^

identification and location of power supplies used to The COL applicant operating procedures shall i

\ provide external control power for tripping primary require one of the three divisional buses of Figure ,

and backup electrical penetration breakers (if 83-1 be fed by the alternate power source during |

utilized).
normal operation;in order to prevent simultaneous !

deenergization of all divisional buses on the loss of [

. The COL applicant will provide an analysis t only one of the offsite power supplies. The selection i

demonstrating the thermal capability of all electrical of that division should be based on the Class 1E bus |

conductors within penetrations is perser loads, the reliability / stability of the offsite circuits, j

s.3 m |
Amendment
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.and on the separation of the offsite feeds as they pass shall be provided by the COL applicant to keep these i
through the divisio areas. circuit breakers racked out (i.e., in the disconnect ' ;

'

position) whenever corresponding buses'are
Continued plant peration willbe appropriately energized. Furthermore, annunciation shall be !

limitedt
- " " h'Mwhen the provided to alarm in the control room whenever the -

'

reserve auxiliary transformer is inoperable [see breakers are racked in for service. (See Subsection i

an.0) for COL information]. 83.1.1.6.2). =|
L .1 1

>

-g -

83A.10 Diesel Generator Qualification 83A.15 esting of'Ibermal OveQogd Bypass C i

ets for MpV]QJW C"g'3A P/7 Le
-

Tests ;

The schedule for qualification testing of the diesel Thermal oyerth protection for Class 1E MOVs is
'

generators, and the subsequent results of those tests, bypassed only dbring LOCA events. A means for
must be provided by tlg COL applicant. The tests testing the bypass function shall be implemented by 3 ,

i
shall be in accorda 'e with IEEE 387 and Regula- the COL applicant, in accordance with the (,4T
tory Guide 1.9. (Se Sukbsection 83.1.1.8.9). requirements of Regulatory Guide 1.106.- {See

-

-J.LI1(N O N I*3 *,Q(i,Yf} Subsectiohta;.p.,)
'

gg
[83A.11 (deleted) /

/ 83A.16 Emergency Operating Procedures for |
83A.12 Minimum Starting Voltages for Station Blackout |

Class IE Motors '

COL applicants will provide instructions in their .

The COL applicant will provide the minimum plant Emergency Operating Procedures for operator i

required starting vohages for Class 1E motors. A actions during a postulated station blackout event.

comparision will be made of these minimum requir- Specifically, if Division I instrumentation is i

ed voltages to the voltages that will be supplied at the functioning properly, the redundant Divisions II, III, ;

motor terminals during the starting transient when and IV should be shut down in order to 1) reduce

operating on offsite power and when operating on heat dissipation in the control room while HVAC is
lost, and 2) conserve battery energy for additional

the diesel generators. )(See Subsection SRV capacity, or other specific functions, as needed,83.1.1. '1)). (peieted
throughout the event. (See Subsection 83.2.13.5).

'

!

8. 4.1 [dentification aan J usstrien so
. socIntet Cirruits 83A.17 Common Industrial Standards '

Referenced in Purchase Specifications-

Prior tgNhn'plementation stage cf the design,

384) kn[own to exist in the ABWR Standard Plantthe only associated circuits" (as defined by IEEE
In addition to the regulatory codeslad standards

required for licensing, purchase specifications shall

design afe forJhe'FMCRD drive power feed taken contain a list of common indtistyaj standards, as
. 7 pg from the Dmsion I 6.9Kv safety-related bus (see appropriate, for the assurance of quality [

g b L)
"

Subsection 83.1.1.1) and the emergency lighting manufacturing of both Class 1Eliind non Class 1E ,

~

circuits (see Section 9.53). In the implementation equipment. Such standards would include ANSI,
"

design, the COL appbcant will provide 1) assurance ASTM,IEEE, NELA, UL, etc. (See Subsection .

M that this is still a true statement, or 2) specifically 83.5). I

identifiy and justify any other such circuits in the ,
ABWR SSAR; and show they meet the requirements 83A.18 Administrauve Controls for Switching 125 j

1

of Regulatory Guide 1.75, position C.4. (Se VDC Standby Charger

ubsection 83.1.1.1).
;

Administrative controls shall be provided to ;

83A.14 Administrative Controls for Bus assure all input and output circuit breakers are

Grounding Circuit Breakers normally open when standby battery chargers are not - ;

in use (See Figure 83-4, Note 1). Administrative ;

Figure 83-1 shows bus grounding circuit breakers, controls shall also be provided to assure at least two . ,

which are intended to provide safety grounds during circuit breakers (in series) are open between ,

maintenance operations. Administrative controls redundant divisions when placing the standby , j
i

8.3-23.3
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charger into service. This includes controls for the periodic testing of thermal overloads and associated

'. gass fcuitrgor Clap 1E MOVs. Z4r f?I 'y(yh#
bkeys associated with the switching interlocks. Them
y d J e C r 7 [cfig/$,7,.*f.%'We"cg wg,gonly exception is an emergency condition requiring

one division's loads be assumed by a redund"ct 83.4.25 Periodic Inspection / Testing of Lighting ed. f.J.:.;.; g' ;c .
division by manual connection via the standby Systems C
charger interface.

Appropriate plant procedures shallinclude
83.4.19 Control of Access to Class IE Power periodic inspections of all lighting systems installed

Equipment in safety-related areas, and in passageways leading to
and from these areas. In addition, lighting systems

Administrative control of access to Class 1E installed in such areas which are normally
power equipment areas and/or distribution panels de-energized (e.g., guide lamps) shall be periodically

shall be provided (see Section 13.63). tested.

83A.20 Periodic Testing of Voltage Protection 83.4.26 Controls for umiting Potential Hazards

Equipment into Cable Chases

Appropriate plant procedures shall include Appropriate plant procedures shall provide
periodic testing of instruments, timers, and other administrative control of operations and
electrical equipment designed to protect the maintenance activities to control and limit
distribution system from: 1) loss of offsite voltage, introduction of potenthi hazards into cable chases

and 2) degradation of offsite voltage. These and the control room area.

protection features are described in Subsection
83.1.1.7. 83.4.27 Pedodic Testing of Class IE Equipment

Protective Relaying

. N'A O& .N ' " f ,G' Y [ [*[* & & *& ' m s 1o e er?" a''o e **'MPropriate plant procedures shall a.nclude
E*

h5M r " d ' W " "/7
7he tecliniFai specifications require periodic periodic testing of all protective relaying and/orn

testing of the diesel generator loading capabilities by thermal overloads associated with Class 1E motors
operating the diesel generators in parallel with thej and switchgear.
offsite power source.J(Appropriate procedures shall
require that the duration of the connection between 83.4.28 Periodic Testing of CVCF Power Supplies

the preferred power supply and the standby power and EPA's

supply shall be minimized in accordance with Section
6.13 of IEEE 308. Appropriate plant procedures shallinclude

periodic testing of the CVCF power supplies and
83.4.22 Periodic Testing of Diesel Generator associated electrical protection assemblies (EPA's)

Protective Relaying which provide power to the Reactor Protection
System.

Appropriate plant procedures shall include
,

periodic testing of all diesel generator protective 83.4.29 Pededic Testing of Class IE Circuit

relaying, bypass circuitry and annunciation. Breakers

83.4.23 PedodicTesting of Diesel Generator Appropriate plant procedures shall include

Synchronizing Interiocks periodic calibration and functional testing of the fault
interrupt capability of all Class 1E breakers, fault

Appropriate plant procedures shallinclude interrupt coordination between the supply and load

periodic testing of diesel generator synchronizing breakers for each Class IE load and the Division I
non-Class 1E load, and the zone selective intedock

interlocks (see 83.1.1.6.4).
feature of the breaker for the non-Class IE load.

83.4.24 Periodic Testing of Therinal Ovedoads and
,

Bypass Cirruitry

Appropriate plant procedures shall include

8J4
Amendment
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Appropriate plant procedures "A .P i
__2 ;83.430 Pedodic Testing of Electrical Systems &

Equipment - [ gH" ^ - shallinclude periodigtgsting and/or ,
.'

analysis of Class IE diesel generato4sjo demonstrate $g cat.) j|Appropriate plant procedures shall iticlude their capability to supply the act i full desia . *o sis
periodic testing of all Cass 1E electrical systems and load curreat for each seque ced load step,jsec !

equipment in accordance witi- Section 7 of IEEE (83.1.1.8.2% |
,

|

(pefriA
308.

8.3.5 References :

83.431A 'ower Distribution System Load Analys |
In addition to those codes and standards !

A complete load analysis shall be performed for required by the SRP the following codes and - !

the Power Distribution System to demonstrate standards will be used and have been referenced in j

proper sizing of power source and distribution the ten of this chapter of the SSAR. - ' #p,,g ,
equipment. Such analysis shall provide the basis for C1 |

the degraded voltage protective relay timer settings IEEE Std 323 0ua1ifying C1 ass 1E |

[see 83.1.1.7 (8)} and other protective relay settings Equipment for Nuclear Power j

Generating Stations |
~

83.432 Class IE Battery Installation and !

Maintenance Requirements IEEE Std 334 Type Test of Continuous .!
Duty Class 1E Motors for |

The installation, maintenance, testing, and Nuclear Power Generating 'j
j replacement of the Class IE station batteries shall Stations ~|,

; meet the requirements of IEEE 484 and Section 5 of _!

IEEE 946. IEEE Std 379 Applications of the Single- !
,

Failure Criterion to Nuclear -
Power Generating Stations j83.433 Periodic Testing of Class 1E Batteries

GE accerdaere v(n uds r 7 Af ///E Rh Class IE Systems
-

'

Appropriate plant procedures'shall include
periodic testing of Class 1E batterie to assure they IEEE Std 382 Oualification'of Actuators for ,

y have sufficient capacity and capability to supply Power Operated . Valve
power to their connected loads. 'Assemblics with Safety-i

,

Related Functions fo'r ,'
)' 83.434 Periodic Testing of Class IE CVCF Power Nuclear Power Plants.

|Supplies *

IEEE Std 383 Type Test of Class IE
,

Appropriate plant procedures shall include Eleurjcal Cables, Fie r

,

penodic testing of Class IE constant voltage constant Splices,)and Connections $jo'
- t

| frequency (CVCF) power supplies to assure they N}[ cleft Power GenerM
'

have sufficient capacity to supply power to their Stations ;

connected loads (see 83.L1.4.2.1).
IEEE Std 387 Standard Criteria for Diesel- ,

83.435 Periodic Testing of Class IE Battery Generator Units Applied as
Standby Power Supplies for -

Chargers
Nuclear Power Generating-

gM h4 "0Appropriate plant procedures shallinclude Stations
r/

periodic testing of Class IE battery chargers to ~

assure they have sufficient capacity to supply power IEEE Std 450 Recommended Practice for ;

to their connected loads (see 8.3.2.1.1). Such Large Lead Storage Batteries ;

periodic tests shall be in conformance with Section for Generating Stations and ' |

Substations i
7.5.1 of IEEE 308 (i.e.,IEEE 338).

!

83.436 Periodic Testing of Class IE Diesel ;

Generators -|
- I

8.3-235
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IEEE Std 484 Recommended Practice for Topical Report NEDC-31336 " General Electric
Installation Design and Instrument Setpoint Methodologf
Installation of Large Lead
Storage Batteries for UL-44 UL Standard for Safety
Generating Stations and Rubber-Insulated Wires and
Substations. Cables

IEEE Std 485 Recommended Practice for A partiallisting of other common industry
Sizing Large Lead Storage standards which may be used as applicable is given
Batteries for Generating below. There are many more standards referenced
Stations and Substations in the standards which are listed below:

IEEE Std $19 Guide for Harmonic Control Motor Control Centers
and Reactive Compensation
of Static Power Converters NEMA ICS-2 Standards for Industrial

Control Devices, Con- trollers

IEEE Std 741 Standatd Criteria for tbe and Assemblies

Protection of Class 1E Power
Systems and Equipment in Underwriter's Laboratories Standard No. 845
Nuclear Power Generating
Stations. Iow Voltage Circuit Breakers

IEEE Std 946 Recommended Practice for ANSI C37.13 Low Voltage Power Circuit
the Design of Safety-Related Breakers

DC Auxiliary Power Systems
for N u eIe a r Power ANSI C37.16 Preferred Ratings and
Generating Stations Related Requirements for

-- Low Voltage AC Power

IPCEA-46-426/ Power Cable Ampacities Circuit Brcakers and AC
IEEE S-135 Power Service Protectors

IPCEA S-66-402 Thermoplastic Insulated Wire ANSI C37.17 trip Devices for AC and
& Cable for the Transmission General-Purpose DC Low-

s

\ and Distribution of Electrical VoItage Power Circuit
Energy Breakers

IPCEA-54-440/ Ampacities Cables in Open- ANSI C37.50 Test Procedures for Low
NEMA WC-51 top Cable Trays Voltage AC Power Circuit

Breakers Used in Enclosures

IPCEA S-66-524/ Cross-Linked-Thermoset-
NEMA WC-7 ting Polyethlene Insulated Molded Case Circuit Breakers

Wire and Cable for the
Transmission and Distri. UL 489 Branch Circuit and Service
bution of Electrical Energy Circuit Breakers

SECY-89-013 Stello, Victor, Jr., Design Re- NEMA AB-1 MoIded Case Circuit
quirernents Related To The Breakers

Evolutionary Advanced Light
Water Reactors (ALWRS), 7.2Kv-rated metalclad Switchgear

Policy Issue, SECY-89-013,
The Commissioners, Uni- ted ANSI C37.01 Application Guide for Power

State Nuclear Regula- tory Circuit Breakers

Commission, January 19,
1989.

8.3-23.6
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ANSI 07.04 AC Power Circuit Breaker
Rating Structure

ANSI 07.06 Preferred Ratings of Power
Circuit Breakers

ANSI G7.09 Test Procedure for Power
Circuit Breakers

ANSI O7.11 Power Circuit Breaker
Control Requirements

ANSI G7.20 Switchgear Assemblies and '

Metal-Enclosed Bus

ANSI O7.100 Definitions for Power
Switchgear

ANSI G7.20 Switchgear Assemblics and
Metal-Enclosed Bus

ANSI O7.100 Definitions for Power
Switchgear

Transformers

ANSI C57.12 General Requirements for
Distribution, Power, and
Regulating Transformers

ANSI C57.12.11 Guide for Installation of
Oil-immersed Transforroers
(10MVA and Larger,69-287
kV rating)

ANSI C57.12.80 Terminology for Power and
Distribution Transformers

ANSI C57.12.90 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.

8.3-23.7
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TABLE 8.3-1 -
i-

D/G LOAD TABLE-LOCA + LOPP

GENERATOR CONNECIED IDADS (kW)
SYS. LOAD- RATING NOTE * '

,

|
'

NO. DESCRIITION (LW) A' B. C'
;

- MOTOR ope VALVES 231x3 X. X X (2)

(4)C12 FMCRD 210x1 X - ,

(@ 0.25pf) (840 KVA)

(.7) V - ,

C41 SLC PUMP 45x2 X X. -

E11 RHR PUMP 540x3 540 m 540- -

5

Fill Pump * 3.7x3 -@ X. X7 M ,

-

1400- 1400 !E22 HPCF PUMP 1400x2 -

|
!P21 RCW PUMP 370x4 740 740 --

~t
280x2 -- - 560

P25 HECW PUMP 22x5 22 44 44 ,

HECW REFRIGERATOR 135x5 135 270 270 j

'

P41 RSW PUMP ** 540 540 540

R23 P/C TRANSF. LOSS , 84.2 84.2 84.2 -

[ NT
-R42 - DC 125V CHGR div. I 70x1 70.0 -

- 34 (11)div. II, III, IV - % 34x3 ' -

125V DC stby charger 70 ,/ 34 j
,

* See Table &3-3for Notes ;
** Panof TurbineIsland

i
'

L

:'{
.

!

!

,

!

l

:|
!

!
.

i
'

83-24
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TABLE 8.3-1

D/G LOAD TABLE-LOCA + LOPP (Continued)
CONNECTEP 1 CAh!

GENERATOR O'"*" T (kW)A
svS. LOAD RATING NOR* ,

NO. DESCRIITION (kW) A B C

R46 VITAL CVCF - - --

(Div.1,2,3) 20x3 20 20 20

f (Div. 4) 20 20

R47 TRANSF. C/R INST 20x6 40 40 40

RS2 LIGHTING 100x3 100 100 100

T22 SGTS FAN 18.5x2 18.5 18.5 --

SGTS HEATER 10x6 30 30 --

T49 FCS HEATER 130x2 130

FCS BLOWER 12x2 1

U41 MCR HVAC FANS B-C 743X4 -- 149 149 (13)

MCR RECIRC FANS B-C 14X4 - 28 28 (13)

C/B ELEC EQUIP AREA
HVAC FANS A-C 14X6 28 28 28 (13)

R/B DG/ELEC EQUIP AREA
HVAC FANS A-C 84X6 168 168 168 (13)

R/B DG ROOM EMERGENCY
SUPPLY FANS A-C 463X6 93 93 93 (13)

R/B EQUIP AREA ROOM
COOLERS A-C 89 107 84 (13)

OTHERIDADS 62.5 62.5 603

TOTAL CONNECI'ED IDADS 33399 4971.9 4653.4

TOTAL STANDBY LOADS AND 678.7* 566.2' 509.7*

SHORT TIME 1 DADS

TOTAL OPERATING LOADS 2661.2 4405.7 4143.7

* See Table 83-3forNotes

8.3 25
Amendment
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TABLE 83-3 j

};
-

-NOTES FOR TABLES 83-1 AND 83-2
.I

i

(1) -: 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.' {

(2) '' Motor operated valves * are operated only 30-60 seconds. Therefore they are not counted - !

for the DG continuous output calculation. -|

!

(3)- Deleted j

(4) FMCRD operating time (about 2 minutes) is not counted for the DG continuous output .
#

j

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 ..

1

.3
"

(7) Deleted j
,

(8) Deleted
;

(9) Deleted
' !

(10) Deleted . ;
I

| (11) Div. IV battery charger is fed from Div.11 motor control center. ;

!,

(12) Load description acronyms are interpeted as follws:"

!,:

'

C/B - ControlBuilding HX - Heat Exchanger
'

COMP - Computer IA - Instrument Air

CRD - Control Rod Drive MCR - Main ControlRoom i

CUW - Clean UpWater '
.

MUWC ' - Make Up Water Systea (condensed)
-CVCF - Constant Voltage Constant Frequency NPSS - Nuclear Protection Saftty System ;'

DG' - DeselGenerator R/B - Reactor Building i

FCS Mammability ControlSystem RCW - Reactor Cooling Water (buiding)

FPC - FuelPoolCooling RHR - ResidualHeat Removal ~

FMCRD - Pine Motion Cotrol Rod Drive RSW - Reactor Service Water |

HECW - EmergencyCoolingWater SBGT - StandbyGasTreatment !
!

HPCF - High Pressure Core Flooder 51 4 - Standby Liquid Control

i[(13) Redundant units, one unit of a division operates and one unit is in standby in case the
operating unit shuts down. Total connected load is shown on the table, but operating
loads are half these amounts. {

.

!,

(e v

!

8.3 28
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Table 8.3-4

D/G LOAD SEQUENCE DIAGRAM '

-

I MAJOR LOADS
E (Response to Questions 435.14 & 435.15) g,- -

e
R ga

pe==4 elix1L a stAx1 a atswE) blAxt 4 eisxt S stAxi s etKxt T stAxt e stAxt t

7tme 09 $80 US $30 (B $50 (et $50 (45580 00880 195 $50 144 $PC) AFTRE &$ SEC .

Auss Manuse B.
Mode Dew.

MOV to nVAC RCW Pump RCW Puw, .Rsw Pump Rsw rump suis Cherym str Pue, RHR Pump

(DPr I tum.Tr HBCW Pump R/B Eawe. lWAC CWTe HIM'W Reths

(pseg C/B Faner. IfvAC

TMCRD

b80V DG DWAC RCW Pump RCW Pump R5W Pum, R5W Pump SatS Chargm 18C Puu, RitR Puny !

LDPr Il Inst.Tt HBCW Pump MCR HVAC R/B F;ner. lfVAC CVGe illEW Refng

1agweg C/B Faer BrVAC

MOV Ex)HVAC RCW Pump RCW Pump RSW Pump R5W Pwap Chatters HRW RHR Pung

LDPP III . Inst.Te HBCW Puey MCR HVAC R/B Faer. HVAC CVOs Retng

tying C/B Eswr. IfVAC

h80V RitRPump RCW Puey RCW Pump RSW Pump R5W Puny $014 Charpere $tt Pung Pt3

IDCA Isse.Tt DO HVAC HIECW Pueg R/B Feer.IIVAC CRTs HNCW reW .

& 3 1@mg C/B Esmer. HVAC

IDFF PheCItD*

MOV RHR Pump RCW Puey BCW Pump R$W Pump R5W Puwp $ CPS Chergm Sit Pump 10

1DCA HPCF Pump DONVAC HIEW Puny MCR HVAC R/3 Fmer. IfvAC CVCTs HECW Reths

& il last.Tr C/9 Faer. HVAC

LOPP t@*6

MOV RHRPump PCW Puey RCW Puup R$W Pump R$W Pump Chargere HKW RefMg .

IAMA HPCFPway DO HVAC HITW Pump MCR HVAC - R/8 Emer. HVAC CMTt
$

e & $11 f ast. Tr C/8 Faer. HVAC ;gg 1A.PP . .< ,m..

%we* . IMCRDe are the caly No C1sse IE tuods ou the txi tsunee
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TABLE 8.3-5 ,

t

DIESEL GENERATOR ALARMS * '

Annunciation DOS DTS DTT GDT GCB G1T LBP-

Engine OverspeedTrip . .

X X 'X ~ X
.

- Generator Differential Relay Trip X X- X X- :

Generator Ground Overcurrent X X X '+

Generator Voltage Restraint Overeurrent X~ X -X ,

~ Generator Bus Underfrequency X- X X
Generator Reverse Power X X X' X |

#

Generator less of Field X X. X X-
Generator Bus Differential Relay Trip X
High-High Jacket Water Temperature X X X' X. :|

| D/G Bearing High Temperature X X X- X X y
low-low Lube Oil Temperature X X X X .

| D/G Bearings High Vibration X X X -X X [
i

High-High Lube OilTemperature X- X X 'X-
Iow-Low Lube Oil Pressure X X .X X- |

High Crankease Pressure X- X X X j
low-LowJacket Water Pressure X X X X |

Low level-Jacket Water X i

Iow Pressure - Jacket Water X -i

Iow Temperature- Jacket Water In X
High Temperature -Jacket Water Out X
low level- Lube Oil Mark X i

LowTemperature - Lube Oilin X |
High Temperature - Lube Oil Out X i

!High Diff. Pressure - Lube Oil Filter X '

j. Low Pressure - Turbo Oil Right/Left Bank X
Low Pressure - Lube Oil X j

|. ControlCircuit Fuse Failure X |

|. Diesel Generator Overvoltage X |

| low Pressure - Startmg Air X .|

In Maintenance Mode X X- 'j
!

D/G Unit Fails to Start X
X |

| Generator Phase Overeurrent
Out of Service X X i

|
Lockout Relay Operated X X X !

lew-High level- Fuel Day Tank X j

low Level- Fuel Storage Tank X .:

|low Pressure - Fuel Oil X
High Diff. Pressure - Fuel Filter . X' |

Inlocal controlOnly X !
!

|| !

|
i
!

!
1

!

|
1

i
8.3-291 :|
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i

8A MISCELLANEOUS ELECTRICAL copper loop which encircles all buildings (See Figure }

SYSTEMS 8A.1-1) {
t

8A.1 Station Grounding and Surge Each building is equipped with grounding
Protection systems connected to the station grounding grid. As i

a minimum, every other steel column of the building i

8A.1.1 Description perimeter will connect directly to the grounding' grid. |
~

The electrical grounding system is comprised of: The plant's main generator is grounded with a r

neutral grounding device. Theimpedance of that; ;

i
(1) an instrument grounding network, . device willlimit the maximum phase current under

short-circuit conditions to a value not greater than

(2) an equipment grounding network for grounding that for a three-phase fault at its terminals.
electrical equipment (e.g. switchgear, motors, Provisions are included to ensure proper grounding

distribution panels, cables, etc.) and selected of the isophase buses when the generator is ;

mechanical components (e.g. fuel tanks, disconnected. - !

chemical tanks, etc.), ;

The onsite, medium-voltage ac distribution - .!
(3) a plant grounding grid, and system is resistance grounded at the neutral point of !

the low-voltage windings of the unit auxiliary and [

(4) a lightning protection network for protection of reserve transformers.
structures, transformers and equipment located
outside buildings. The neutral point of tbc generator windings of i

the onsite, standby power supply units (i.e., the diesel

The plant instrumentation is grounded through generators and the combustion turbine generator), is

a separate insulated radial grounding system through distribution-type transformers and loading;

,

comprised of buses and insulated cables. The resistors, sized for continuous operation in the event j

i instrumentation grounding systems are connected to of a ground fault. ;

!the station grounding grid at only one point and are
insulated from all other grounding eircuits. Separate The neutral point of the low voltage ac

'

instrumentation grounding systems are provided for distribution systems are either solidly or impedance

|
plant analog (i.e. relays, solenoids, etc.) and digital grounded, as necessary, to ensure proper -|

1 instrumentation systems. coordination of ground fault protection. The dc {

The equipment grounding network is such that
' !:

systems are ungrounded.
.

u

all major equipment, structures and tanks are The target value of ground resistance is 0.05- ,

2 f

grounded with two diagonally opposite ground ohms or less for the reactor, turbine, control, service

connections. The ground bus of all switchgear and radwaste buildings. If the target grounding ,

assemblies, motor control centers and control resistance is not achieved by the ground grid,
cabinets are connected to the station ground grid auxiliary ground grids, shallow buried ground rods or

through at least two parallel paths. ' Bare copper deep buried ground rods will be used in combination

risers are furnished for all underground electrical as necessary to meet the target ground resistance {
ducts and equipment, and for connections to the value. .;

grounding systems within buildings. One bare
j

copper cable is installed with each underground The lightning protection system covers all major j

electrical duct run, and all metallic hardware in each plant structures and is designed to prevent direct j
?

manhole is connected to the cable. lightning strikes to the buildings, electric power
equipment and instruments. It consists of air i

A plant grounding grid consisting of bare copper terminals, bare downcomers and buried grounding |

cables is provided to limit step and touch potentials electrodes which are separate from the normal ,

to safe values under all fault conditions. The buried grounding system. Lightning arresters are provided [

grid is located at the switchyard and connected to for each phase of all tie lines connecting the plant {

systems within the buildings by a 500 MCM bare electrical systems to the switchyard and offsite line.
*

These arresters are connected to the high-voltage [

8A.1-1 i
Amendment !
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terminals of the main step-up and reserve f._rs- -(3)IEEE Std 665, Guide for Generation Station

formers. Plant instrumentation located outdoors or Grounding
connected to cabling running outdoors is provided
with surge suppression devices to proteet tbe (4) NFPA-78, National Fire Protection Association's

equipment from lightning induced surges. Lightning Protection Code

8A.1.2 Analysis
1.5

No SRP or regulatory guidancegroi ed for the ,

grounding and lightning pro ction > stem. It is
designed and required to . ' stalled to the
applicable sections of the following codes and
standards.

(1) IEEE Std 80, Guide for Safety in AC Substation
Grounding

(2) IEEE Std 81, Guide for Measuring Earth
Resistivity, Ground Impedance, and Earth
Surface Potendals of a Ground System

(3) IEEE Std 665, Guide for Generation Station
Grounding .

(4) NFPA-78, National Fire Protection
Asseciation's Lightning Protection Ccxie

This code is utihzed as recommended practices
ady. It does not apply to electrical generating
plants.

(6) Nclear Energy Property Insurance Association

'EPIA) document titled: * Basic Fire
Protection for Nuclear Power Plants *

8A.I.3 COL License Infonnation

It is the responsibility of the COL applicant to
perform ground resistance measurements to
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.

8A.1.4 References

(1) IEEE Std 80, Guide for Safety in AC Substation
Grounding

(2) IEEE Std 81, Guide for Measuring Earth
Resistivity, Ground Impedance, and Earth
Surface Potentials of a Ground System

IUL1-2
Amendment
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$BURIED 500MCM COPPER LOOP

{
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|- R 10 |

I' 1
s

" _______J.

| | NO. FACILITY q

| | iir
1 REACTOR CONTAINMENT p

I g *
2 REAOTOR BUILDING

I ! 3 CONTROL BUILDING

| 8 | 4 MAIN STEAM /FEEDWATER TUNNEL
5 TURBINE BUILDING

| | 6 SERVICE BUILDING
! ! 7 RADWASTE BUILDING5
| | 8 HOUSE BOILER

| | 9 CONDENSATE STORAGE TANK
10 MAIN TRANSFORMER

g g
11 NORMAL SWITCHGEAR ($*hde/

! 12 DIESEL OIL STORAGE TANG %i r [is{ - - - - """ - - ~~! ,

| h----]11 13 STACK
g 9 | ! 15 FIRE PROTECTION WATER

14 EQUIPMENT ENTRY LOCK

| L-]7 g
| STORAGE TANK (2)

| | 3 4 3 | 6 | 16 FIRE PROTECTION PUMPHOUSE
|

|

W r "|L-_____g ;

@| | u n-~ r-
a~ !Nghn+ /-

| 13 [ } f 'i12j y' -
| vo<

" '' * ;' ! l
'~

16 I i OI
! / STRUCTURES AND BUILDINGS TO BE GROUNDED

|
'

'3 TO T11E YARD LOOP PER THE FOLLOWING SPECl-

O15 I j CATIONS:
_

L
~

2 /
I| 12

_

|/
/ A. ELECTRICAL GROUNDING REQUIREMENTSL--- q ..

._
' SPECIFICATIONS'

, g4 ,

B. LGHTING PROTECTION SPECIFICATION .,, f
- {__| w+
" ::, o

FIGURE 8A.1-1 SITE PLAN (GROUNDING)
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8A.3 Electric Heat Tracing j

8AJ.1 Description . f
i.'

The electric heat tracing system provides freeze r

protection where required for outdoor service . -}

components and fluid warming of process fluids if ;

required, either in or out doors. If the operation of 3

the heat tracing is required for proper operation of a :

| safety-related system, the heat traci r the i

| safety-related system is required to be Cl 1F,M ,

| Power for heat tracing is supplied from b s backed ]
L by the onsite standby' generators. ; No N 1E' ]

heat tracing has access to the combustion turbine !

generator through the same load group as the
| components protected. Class IE beat tracing is ;

'
assigned to the appropriate division for a source of-

| Class IE power.
'

I
i8AJ.2 Analysis

vida+ce f revide$ i

AThere are no SRP or te ulator3p.. 2

for cathodic protection systems. They are required ,

to be designed and installed to the applicable i
#

sections of the following codes and standards. 1

(1) IEEE Std 622, Recommended Practice for the :
<

rDesign and Installation of Electric Heat Tracing <

Systems in Nuclear Power Generating Stations ._ ;

(2) IEEE Std 622A, Recommended Practice for the ,

Design and Installation of Electric Pipe Heating .,

Control and Alarm Systems in Nuclear Power |

Generating Stations ;

- 8AJJ COL License Information ; j

No COL spplicant information is required. 3

8AJA References

{iThe 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 Heat Tracing
+

Systems in Nuclear Power Generating Stations
[

(2) IEEE Std 622A, Recommended Practice for the ;

Design and Installation of Electric Pipe Heating .!

Control and Alarm Systems in Nuclear Power
Generating Stations - !,

uit
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9.5.3 Lighting and Servicing Power building and refueling floor cranes, welding
'

Supply System equipment). Service outlets have grounded
connections and the outlets in wet or moist

The plant lighting is comprised of four areas are supplied from breakers with ground~

independent lighting systems. They are the current detection.
normal lighting system, the standby lighting
system, the emergency lighting system, and the 9.53.1 Design Bases

guide lamp lighting system. The normal lighting

systems are corpprised of Class 1E (guide lamps .

,'system is non. Class,1E. The other three lighting 9.53.1.1 General Design Bases

only), Class E associated, and non-Class IE The general design bases for the Nuclear Is-
subsystems. W land portion of the lighting systems are as fol-

i

lows:
All lighting systems are designed to provide

intensities consistent with the lighting needs of (1) The lighting guidelines shall be based on
the areas in which they are located, and with Illuminating Engineering Society (lES) rec- r

their intended purpose. The lighting design ommended intensities. These shall be in-
considers the effects of glare and shadows on service values as shown on Table 9.5-1 Illu-
control panels, video display devices, and other mination Levels. Reflected glare will bc :
equipment, and the mirror effects on glass and minimized. i

pools. Lighting and other equipment maintenance,
in addition to the safety of personnel, plant (2) Control room lighting is designed with re-
equipment, and plant operation is considered in spect to reduction of glare and shadows on
the design. Areas containing flammable materials the control boards.

(e.g. battery rooms, fuel tanks) have explosion
proof lighting systems. Areas subject to high (3) Lighting systems and components are in con-
moisture have water proof installations (e.g. formity with the electrical standards of ((,(,) *
drywell, washdown areas). Plant AC lighting NFPA and OSHA as applicable for safety mr

systems are generally of the fluorescent type, perwenet, plant and equipment. ph [
with mercury lamps provided for high ceiling and
yard lighting, except where breakage could (4) Each of th? normal, standby or emergency
introduce mercury into the reactor coolant lighting syst ems has the following arrange-
system. Incandescent lamps are used for DC ment criterie
lighting systems and above the reactor, fuel
pools, and other areas where lamp breakage could (a) Areas without doors and hatches (where
introduce mercury into the reactor coolant. access is impossible) have no lighting.

Lighting systems and their distrib ion panels (b) Normal (non-essential) lighting shall
and cables are identified accor ng to their have on/off switches if the rooms are

Mss ntiality and type. (Drtyf[a] Class IE also used as passage (e.g. patrol
ys ciated lighting systems m socated in routes).,

5 smic Category 1 structures, and are
electrically independent and physically separated (c) For high radiation areas, the on/off

switches shall be arranged to
| in accordance with assigned divisions. Cables

are routed in their respective divisional facilitate maintenance and to obtain
raceways. Normal lighting is separated from maximum service life from the lamps.

standby lighting. DC lighting cables are not
routed with any other cables and are (d) The switches shall be located at the en-
distinguished by *DCL' markings superimposed on trance to the rooms, or the side of the [

the color markings at the same intervals. passage.

Plant service buses supply power and heavy duty (c) Normal lighting power for the small
service outlets to equipment not generally used rooms with on/off switches shall be
during normal plant power operation (e.g. turbine supplied from oae power bus.

9.5-3 |
Amendment
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Note: A small room means a room with (p) Lighting shall be designed with due con- j

three or less lighting fixtures, except - sideration of reflection on the CRT ;

for instrument rack rooms and electri- screens where CRTs are installed, l
-

|cal panel rooms. .

](q) Lighting fixtures in rooms with glass -
(f) DC emergency lighting and Class 1E windows shall be arranged with due con- |

Associated lighting have no switch on sideration of the mirror effect to keep |

their power supply lines, the window clear. ]
(g) Standby lighting shall have no switch on (r) Power for staircase and passage

power supply lines, as n rule. However, lighting is from the standby system and ')

lighting for conference rooms etc., will shall be supplied from two power buses - !

have on/off switches. in the staircases and passages'to |
prevent a total lighting loss; Each !

(h) Power of inner panel lighting and out- bus supplies power to 50% of the
'

.

lets a. e supplied from one power bus. standby lighting of the passages and j

staircases. The two power buses for |
)

safety-related area passapes and |(i) Each part of the 120V,240V and 120/
240V buses in lighting distribution staircases shall consist of the !

''

panels shall have two or three spare following: ' One Class 1E bus (the same
circuits, division as the safety-related i

equipment in the area), which is backed- !
*

(j) Installation of fixtures on a high ceil- by the associated divisional diesel
ing shall be avoided as far as possible generatort and a non-Class 1E bus, . |

to minimize lamp replacement work, which is backed by the combustion j

turbine generator. Under annual; j

(k) The fixtures shall be located with due inspection of the power supplies,50% !

consideration of maintenance and inspec- lighting is secured with one lighting : j

tion for the equipment in the rooms power supply. The 50% lighting level

(such as tank rooms) where a well bal- shall be sufficient for access and ,-

anced arrangement is difficult. egress of personnel to and from the 'i
.areas.
j(I) For mercury lamps, ba!!asts can be in-

stalled separately for life extension un- (5) Lighting fixtures shall be selected in ac-
_

!
der the defined environment. cordance with the following criteria:

3

(m)The standard installation interval of (a) Lighting fixtures inside' the plant -
service power supply boxes should be 'shall be the following type of'

150-200 ft. fixtures: j

(n) The standard installatiori interval of (i) Fluorescent lamps: As a rule, -
outlets should be 50-100 ft, however out- fluorescent lamps shall be se- |

lets shall be arranged around instrument iected as. fixtures for,Ihe .

'

racks. The outlet installation level in general area.
hazard control areas shall be above the
top of dikes. (ii) Mercury lamps: Mercury lamps .|

shall be selectsd as fixtures for - -|

(o) As a rule, normallighting power shall high ceiling areas and th_c yard; |

be supplied with two power buses. How- area (except in reactor building '

ever, a power supply with one power bus or otber areas where lamp _
can be used for areas with high illumina- breakage could introduce mercury :

tion lighting by standby lighting and in into the reactor coolant); +

small rooms. ;

i
9.5-3.1 ' |Amendment

!
$
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(iii) - Incandescent lamps: Incandescent (k) Outdoor lamps shall have automatic on/
lamps shall be selected as fix- off switches.
tures for de emergency lighting
and as fixtures above Ihe - (1) Class IE Associated lighting equipment |

.

reactors and fuel pool in R/B 'shall be selected for the following
operating floor. -areas. ' Wiring shall be an explosion

.

proof type.
(b) Standby lighting shall be the rapid

start type. (i) Batch oil tank room such as tur-
bine oil tank room and lubrica-

(c) Incandescent lamps shall have water tion oil tank room.
proof guards inside drywell.

(ii) EHC equipments room.

(d) The fixtures can be a general industry
~

type, however the fixtures for the part (iii) Batteryrooms.
of service area in S/B and control rooms
shall match the interior finish of the (iv) Diesel generator rooms.

area.
(v) Day tank rooms.

(e) Lighting fixtures above operator con-
soles, bench boards and RW operator con- (vi) Hydrogen related panels' and seal
soles shall be dark green embedded lou- oil equipment area.
ver lighting to reduce the reflection' of
fixtures on CRT screens. Illumination (m) Lighting inside the cask cleaning pit
levels around the operator console and - shall be an embedded water proof type
bench boards shall be adjustable, fixture.

| (f) Non-Class 1E battery pack lamps shall be (n) Feeder circuits for the lighting-
self contained units suitable for the fixtures and outlets in the following -
environment in which they are located. areas shall have circuit breakers with -

ground current detection.

|
(g) The light fixtures for Class 1E battery

packs may be located remote from the . (i) Decontamination pans

battery if the environment at the lamp
is not within the qualified range of the (ii) Decontamination rooms

battery. Alternatively, lamps powered .

from the station batteries may be (iii) Inside Drywell(Outlets)
- provided.

(iv) R/B operating floor (Service
(b) Outlets shall have grounded connections . power supply boxes)

and should be 120V-15A type or 240V-15A
type. (v) Yard (Damp area)

(i) Standard service power boxes shall be 3- (vi) Service power supply boxes.

phase 480V-100A type.
(6) Fixture installation levels shall be as -

G) Lighting around the reactor and fuel follows with consideration for the arrange-

pool en the R/B operating floor shall be ment of trays. HVAC ducts and equipment
designed with due consideration of the . lifting space:
reflection on the water surface to keep.
frorn impedmg pool work. Lamps in a lo- Equipment lastallation eight .

cation where the lamps may drop in the (from floor surface)
reactor or fuel pool, shall have guards.

D32
Amendment
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Distribution 6.5 ft to the top of the panels (e) Physical identification of the Class 1E
panels and Class IE Associated equipment an.d

cables is addressed in Subsection
Suspended 8 ft to bottom of the fixtures 8.3.1.3.
fixture

(8) Wires and Cables
Wall mounted 8 ft to bottom of the fixtures
fixtures (a) Wire size shall be 12 AWG, or larger as

required.

Switches * 4 f t to center of the switch
boxes (b) The size of the neutral line shall be

the same as the branched circuits.
Outlets * (1) I ft to center of the switch

boxes (9) Conduits

(2) 8 ft to center of the switch (a) Generally, embedded conduits shall be
boxes thick wall type, and exposed conduits

may be thin wall type.
(7) Wiring Criteria

Exposed conduits in drywell, the yard
(a) Wiring from power buses to distribution and the area where safety type fixtures

panels shall be done with conduit or or pressure resistant explosion proof
cable trays. Wiring from the fixtures are required shall be thick
distribution panels shall be done with wall type.
conduits.

9.53.1.2 Safety-Related Design Bases

| (b) Normal non-Class IE lighting power
supply lines from the distribution Nuclear safety-related design bases for ABWR
panels with dual power bus configuration Standard Plant lighting systems are as follows:
can share the same conduit.

(1) Mercury vapor fixtures and mercury switches
(c) Standby lighting circuits shall not are not used where a broken fixture or

share raceways with normal lighting switch may result in introduction mercury
circuits. .

into the reactor coolant system.

T o ha.r e Iogisil y te li4 W it h y~

(d) mergency de lighting circuits shall (2) Adequate lighting for any safety-related ar-
not share raceways with any other cas, such as areas used during emergencies

<

circuits. or reactor safe shutdown, including those
along the appropriate access or exit
routes, are provided from 4 different

In the yard, the height frorn the ground to lighting circuits (normal ac; standby ac;*
'

the center of the boxes shall be 5 ft.
125Vdc or self-contained battery

finures). See Subsection 9.5.13.4 for COL
(1) Bottorn of outlets in the area with dikes license information.

shall be installed higher than the top
of the dikes. See Table 9.5-2 for the lighting subsystems

and their normal and backup power sources and 1

the switc' ing sequence. This table shows that(2) Outlets in laboratories and analysis n

voorns shall be installed at an approp- the lighting is provided with normal standby and
riate level with consideration of the emergency de lighting during normal operation.
work in the area. On the loss of normal power, the lighting is

provided from standby and emergency power. On

Detailed installation levels will be
coordinated at the construction site.

953.3
Amendment -
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the loss of all ac power the lighting is provided lighting system. In passage >ays and stairwells [
by de emergency lighting facilities or self- leading ta(non-Class IE?cq ipment areas, the | .

contained battery fixtures. lighting is supplied from I o different load - !

groups of the non Class IE lighting system.
'

933.2 System Description With this configurationfnon-Class IIQ:quipment ;

areas receive 100% of their lighting from two !

Plant lighting is divided into four sub- different power sources.- |
?systems:

953.2.2 Standby Lighting 7

(1) normallighting(ac);
' j

.

Standby lighting is provided for the !

(2) standbylighting(ac); operation and maintenance of equipment during ;

the loss of normal power and is installed over
(a) Class 1E Associated the entire plant area. The ac lighting~

configuration permits retaining approximately
(b) Non-Class 1E 50% of the lighting illumination in all ;

passageways, stairwells and essential equipment-
(3) emergencylighting(de); areas during lighting maintenance or loss of a t

load group. Illumination from 50% of the I

(a) Class 1E Associated lighting is adequate to observe equipment and (
support personnel movement. !

(b) Non-Class IE .

'
,

The standby lighting system is made of two
(4) Guide lamps subsystems: Class IE Associated and non-Class ;

IE. The Class IE standby lighting subsystem - '

(a) Class 1E serves the safety related areas, and their
associated passageways. The non-Class IE

(b) Non-Class IE lighting subsystem serves the non-safety-related ,

areas and their associated passageways.

Lighting fixtures that contain mercury are not
! i

,

used inside the reactor building or in' any other 933.2.2.1 Class 1E Associated Standby

location where broken fixtures may introduce mer. Lightlag Subsystem (SSLS) ~ >

cury into the reactor coolant system.
T s IE Associated ac standby lighting

! 953.2.1 Normal (Non-Class 1E) Ilghting sy em i co prised of lighting from three Class
*

d' isions. Each of the three Class IE
The normallighting system is ac and non-Class ivisions ' supplied power from the Class 1E ;;

1E and provides up to 50% of the lighting needed _ divt ional bus, which is connectable to the |
!

for operation, inspection, and repairs during Class IE standby power supply (emergency dbel
normal plant operation and is installed generator (DG) ) in its respective division. |

throughout the plant in nonessential equipment Each Class 1E standby lighting system supplies a 't

areas, except for the passageways and minimum of 50% of the lighting needs of the
stairwells. Normal lighting is generally safety-related equipment areas in its respective _ i

supplied from the nonessential power generation division and of the passageways and stairwells -|

(PG) buses. In the nonessential equipment areas, leading to its respective equipment areas.~ The ,

the normallighting is supplemented (a minimum of Class IE lighting in the battery room and other |

| 50%) by the non-Class 1E lighting system. Instrument and control areas of Division IV is' |

Lighting from a single load group is acceptable supplied from the Division Il Class IE standby. -[
!

for localized high intensity lighting and lighting system. The main controt room lighting
lighting in small rooms where only a limited is supplied from Divisions 11 and III Class 1E

| number of fixtures are needed. Non-Class 1E standby lighting systems. The remainder of the
-

service outlets and internal lighting for lighting (up to 50%) in the thuipment

non-Class 1E panels is provided by the normal areas and the passageways and tairw ;

50 eI eelated
i
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! o them is supplied from non-Class IE standby supplied from the Class 1E standby lighting | ;t
:

| lighting system in the same load group as the f
system.

Class 1E Associated lighting system. With this
configuration, safety-related equipment areas ;

receive 100% of their lighting needs from two j
different standby lighting power supplies. >

The non-Class IE standby lighting subsystem | |
>

i The Class 1E Associated standby lighting is fed from non-Class 1E buses through separate
| subsystem is fed from Class IE buses through lighting panels. Fixtures are provided for all !

'
separate lighting panels. Fixtures are provided non-safety-related areas (areas where non-

divisional equipment is located), and their |

| for all safety-related areas, areas where
'

Divisions I, II, III and IV systems equipment is associated passageways. The fixtures provide a
located, and their associated access areas. The reduced lighting level adequate to support !

fixtures provide a reduced lighting level personnel movement and observation of equipment j

adequate to support personnel movement and after interruption of the normal lighting 7

observation of equipment after interruption of system. In the event of a LOPP, the NSLS is i
y

[gy\ the normal lighting system. In the event of a automatically fed from the combustion turbine ;

LOPP, the SSLS is automatically fed from the generator. The NSLS transformers and their ;

diesel generator sets.ffEe transformegs for thi associated panels are non-Class IE and are |
3

]C 1 The |fighting subsystem and their associat6d panel f routed in non-Class IE raceways.
illumination levels and power sources are shown ;

fQ/ are Class 1E and Seismic Category I. l

ton Table 9.5-3. |i~

1:".6 in c , agjf 3
5% Tie,p'n up L :h; '!;h"f _ . are c/crif A3) |

4

Class 1E Associated :d _n r 2H '- M M 9.5.323 DC Emergency Lighting _ !
t i

The DC emergencylighting ys ]
f'k:::;;;g : .a,;. The lighting fixtures'

43 1

k themselves are not seismically qualified, but are i f
two subsystems, Class IF afdnon,jt m cons sts o"Clas/ IE. Thed% seismically supported.} The bulbs cannot be 4

seismically qualified. This is why the subsystem Class IE Assoc (ated subsystemAcrves the !
,

hp',{d",'; P is considered Class IE Associated. The bulbs can following safety-related areas:' i
'

j ! only fail open and therefore do not represent a
~ *'

4 t

4o hazard to the Class 1E power sources. Main contro: room

4g Safety-related electric equipment rooms I ;
!

Diesel generator areas and associated control!' l ' i
9.53222 Non-Class IE Standby llghting

|
-

! Subsystems roomsJ

] h DC electric equipment rooms (battery rooms are
The non-Class IE ac standby lighting system is included) f

!

* M( p comprised of lighting from three non-Class 1E Remote shutdown control rooms ;
;

3 load groups. Each load group is supplied from a
; (t$ different plant investment protection (PIP) bus The non-Class 1E subsystem serves the | |

4

i

Q
which is connectable to the non-Class 1E standby non safety-related radwaste control room.

Q power supply (combustion turbine generator
1( (CTG)). The non-Class IE standby lighting system The de emergency lighting system provides (

',i supplies a minimum ofj0% of the lighting needs backup illumination for periods after the loss j

ge of the non-safet relatett equipment'anas,and of preferred power, until the combustion turbine ;

100% of the ghtin4i
~

generator energizes the standby lighting system,-
stairwells lea ing t,d,v :p"' ys,agays aad

*t ,

u equipment as well as in the event of loss of all the ac jiN
fN areas (as described above). In addifoo7 the lighting sources. |

O non-Class IE standby-lightinggtem supplies up

'

J the_ lighting (ecds in safety related .}F to 50% f~

.
j/ equipment,ays angasDgeways and stairwells |

lesding t~o;m gequipment areas. The ;,

J

iremainder of the light 6 ) in
the4a_ fety-related e,ing4 minimum of 50%

_

quipment areas and in j

passageways and stairwells leading to them is.

95-3.5
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The illumination levels and power sources of The power for the non-Class 1E emergency
the de emergency lighting system is shown in lighting subsystem is fed from the non-Class IE
Table 9.5-4. station de power supply system (R42) through the j

non-Class IE distribution panel for the radwaste j

9.53.23.1 Class 1E Associated Emergency control room. The lighting panel and wiring are
IJghting Subsptem non-Class 1E and non-siesmic. The circuits are :

classified as non Class 1E'and are routed in f
The Class 1E Associated emergency lighting non sicsmic raceways. -|

t

system provides the emergency lighting needs to
Ithe main control room, the remote shutdown panel 9.53.2.4 Guide Immps With Self Contained .

room, the emergency diesel generator areas and Battery Packs -j

control rooms, and the safety related electrical j

equipment rooms (both ae and de). Lighting power DC emergency lighting fixtures are installed j

for the identified safety-related areas is for stairways, exit routes and major control [

supplied from the 125 VDC battery in the same areas such as the main control room and remote i

divisions as the area. The lighting power to the shutdown panel areas. Each of the emergency {
main control room is supplied from Divisions II lighting fixtures has two incandescent scaled- i

and 111125 VDC batteries, beam lamps. with an 8 hr minimum self-contained
battery, charger and an initiating switch which [

| The power for the Class IE Associated emer- energizes the fixture from the battery in the $

gency lighting subsystem is fed from the Class IE event of loss of the ac power supply, and y

staticn d. power supply system (R42) through de-energizes the fixture upon return of ac power !n
| Class 1E distribution panels for the above to the standby light, following a time delay of !O r-

SE safety-related areas. Fixtures are provided for 15 minutes (see Table 9.5-2). The power supply -|

R ".
all safety-related areas. Th: & :xn;;:::y f ac sourc is fedfrom the standby lighting [d q

;e"p'"aisaF7w'ays are illuminated to a-
4 syste(f I foot candle on the floor per the Life'!!;;S;; p;i m L Z ? 9" " x;g

p The.eabh k Y i d: 9;;E'N; Mr: are level o jQg
classified as Class 1E Associated. All Class IE Safety Code. !o(j( Associated emergen lighting fixtures are

; ,'
j p " seismically suppirted. The bulbs are not The self contained emergency lighting sets g

seismically qualified. This is why the subsystem are@qi@ qualified in safety-related _ { $4) i

zi is considered Class 1E Associated. The bulbs can areas.
e

t m _ ( g /g .
'

+

2 only fail open and therefore do not represent a {
}% hazard to the Class 1E power sources. 9.5J.2.5 Emergency Operation Failure Analysis ;4 i

[ph )i
3 "

9.53.23.2 Non-Class 1E Emergency Because of the redundancy provided by the
{t Lighting Subsystem systems described above, the complete loss of . ,

i.

?0 lighting in any of the critical areas is not
*[ | The non-Class 1E emergency lighting system credible. The standby lighting system, on loss !

{%
provides the emergency lighting needs to the of the normallighting system, and the emergency

I,,

radwaste building (RWB) control room, the lighting systems, provide totally independent
%., g combustion turbine generator (CTG) area and low level illumination in areas vital to safe

Q} l contr01 room, and the non-safety-related shutdown of the reactor and evacuation or access

; E, - electrical equipment . areas (both ac and de). by personnel should the need occur. This is

SQ Lighting power for the RWB control room is specifically demonst ated by Tables 9.5-1 and ,

y supplied from the non-Class 1E 250 VDC battery. 9.5 2. Also, the safety-related control'^ j

I Lighting power for the non-safety-related systems will automatically bring the plant to i
s

safe shutdown if lighting is not available. {Q | electrical equipment rooms is supplied from theQ 125 VDC battery in the same non-safety-related ;

%. load group as the equipment in the room. 9.533 laspection and Testing Requhements i

1 Lighting power for the non Class 1E CTG is |
e

? supplied from one of the non-Class 1E 125 VDC Since the normal standby and emergency

batteries. lighting circuits are energized and maintained .

[
;

.
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continuously, they require no periodic testing. a
' Qg.f/[[M

The guide lamps will be inspected and tested - 6J -

g* '#
.,

periodically to ensure operability of lights and x {INswitching circuits. x_ ,

NoWCvCV; Pentd'c inspecten

ancl bulb t cplarewT ske)t/E r n ed (Sec S' b A 17 -be pcr t

_

'
.

.

,
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[wcharcing the tanksfEach motor-driven compres-9.5.6 Diesel-Generator Starting Air r five automatic or manual starts without, ;

System
sor has sufficient capacity to recharge the stor-

9.5.6.1 Design Bases age system in 30 min, after five starts of the
diesel engine. The compressors are electric

The diesel-generator starting air system pro- motor-driven.
sides a supply of compressed air for starting the
emergency generator diesci engines without exter- Each air receiver is also provided with a
nal power. In order to meet the single-failure blowdown connection. A connection at the re-
criterion, each diesel-generator set is provided ceiver bottom will be used to blow down any
with two complete, redundant starting air sys- water accumulated in the tank. The starting air
tems. Each starting air system has enough air admission valves are operated by solenoids
storage capacity for five consecutive starts of supplied with uninterruptible de power from 125
the engine, and performs its starting function in Vde. Solenoids and power feeds are in the same
such a way that the time interval between signal division.
to start and * ready to load" status will not ex-
ceed 20 sec. The air storage tanks, valves and Diesel generator air start system is provided
piping between tank and up to first connection on with an air dryer to ensure clean dry air to
the engine skid are designed to Seismic Category engine starting. The dryer will be capable of
I requirements, and in accordance with the ASME controlling the dew point as recommended by the
Boiler and Pressure Vessel Code, Section III, diesel engine manufacturer. The dryer will be
Class 3. The system is located in a Seismic Cat- equiped with pre and after filters to remove
egory I structure, protected against tornado, ex- oil, waste, dust and any pipe scale from the air
ternal missiles and flood waters. stream. ,

9.5.6.2 System Description 9.5.6.3 Safety Evaluation

Although specific suppliers may differ in the The standby diesel-generator starting air sys-
final design, a typical P&ID is provided as tem air compressors and tanks are designed in ac-
Figure 9.5 8. See Subsection 9.5.13.5 for COL cordance with the requirements of Section III of
license information. the ASME Boiler and Pressure Vessel Code. The

system is classified Safety Class 3 and Seismic
The diesel-generator starting air system pro- Category I. Starting air facilities for each of

vides a separate and independent starting facil- the diesel engines are completely redundant,
ity for each of the diesel-generating units, with each redundant section capable of supplying
Each facility includes two 100% capacity sec- enough air for a minimum of five normal engine
tions, each section consisting of an air compres- starts. Because of the redundancy incorporated
sor, after cooler, air dryer and air receiver. in the system design, the diesel-generator start-
Two redundant starting air admission valves in ing system provides its minimum required safety
each of two engine starting air manifolds are function under the following conditions.
provided for each engine. Failure of an onc >

starting system in no way affects the ability of (1) design basis loss of coolant condition with
any other system to perform its required safety loss-of-offsite power, by putting into op-
related function. Normally, the compressors are cration the standby diesel generator; and
fully automatic in operation, controlled by
pressure switches located on their respective air (2) maintenance, outage or failure of one of
receivers. The pressure switches signal the the two air starting systems associated
start and stop of the compressors, as necessary with the diesel engine.
to maintain the required system pressure. Manual
override of the automatic sequence is provided Components of the diesel-generator starting
for emergency situations. system are designed to Seismic Category I re-

quirements. Procurement of components is
Each independent air starting system section

has sufficient capacity for cranking the engine

9.56
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(2) The target reliability of the CTG unit, still deficient, power is automatically
based on successful starts and successful transferred from the unit auxiliary transformer
load runs, shall be > 0.98, as calculated by to the CTG.
methods defined in NSAC 108. The Reliability
of Emergency Diesel Generators at US Nuclear Manually controlled breakers also provide the
Power Plants. capability of connecting the combustion turbice

generator to any one of the emergency buses if
all other power sources are lost.

The gas turbWeThahj(ave an ISO rating(3)
(continuous rating at 90F and at sea
level) of at least mW, w h nominal output The CTG consists of a completely-packaged,

fully-assembled and tested, skid mounted unitvoltage of 6. kV t z.
with the following components:

(4) The generator outpup shall have a
steady-state v'o age regulation within 0.5% (1) A gas turbine with diesel hydraulic start
of rated voltage w en the load is varied system (i.e., capable of black start). The
from no load to rated kVA and all transients unit shall be operated with liquid fuel.
have decayed to zero.

(2) A generator with brushless excitation system
(5) The transient response of the generator and terminal box.

shall be capable of assuming sudden
application of up to 20% of the generator (3) A reduction drive gear system between the
NEMA rating when the generator, exciter, and turbine and generator.
regulator are operating at no load, and
rated voltage and frequency results in less (4) Lubricadon system.

ithan 25% excursion from rated voltage.
Recovery shall be within 5% of rated (5) An air cooling system with radiator and AC
voltage, with no more than one undershoot or motor-driven fans for oil cooling.

one overshoot within one second.
(6) Accessorygearbox.

(6) With the generator initially operating at
rated voltage, and with a constant load (7) Air intake and exhaust equipment.
between 0 and 100% at rated power factor,

' the change in the regulated output shall not (8) Microprocessor-based control system with
f;F exceed 1% of rated voltage for any 30- control and protective circuits.

minute period at a constant ambiente
D (9) Panels, junction boxes and other accessoriestemperature.

C 7 as required.(g
9.5.11.2 System Description

9.5.11.3 Safety Evaluations

The interconnections for the CTG are shown on
the power distribution system sing!c line diagram The CTG is non-Class 1E and its failure will
(SLD), Figure 8.3-1. not affect safe shutdown of the plant. The unit ,

is not required for safety, but is provided to
The CTG is designed to supply standby power to assist in mitigating the_ consequences of_a

one of the two turbine building (non-Class IE) , station blackout _eventAowever, the plant can)[
6.9kV buses which carry the plant investmentLcope with a station blackout without the CTG.j (gej ~
protection loads. (The other investment The CTG does not supply power to nuclear safety
protection bus receives back up power from the related equipment except on condition of
auxiliary transformer fed from the alternate complete failure of the emergency diesel
off-site power source.) The CTG automatically generators and all off-site power. Under this
starts on detection of a voltage drop of less condition, the CTG can provide emergency back-up ,

than 70% on its downstream bus. When the CTG is power through manually-actuated Class-1E
ready to synchronize, if the voltage level is breakers in the same interface manner as the

off-site power sources. This provides a diverse

9.5 10.2
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power in accordance with RG 1.155. Adequate The equipment shall meet the following
protection of the CTG against sabotage is performance criteria:
provided by locating the unit inside the security
protected area. .

.

(1) The LDF shall provide a flow path from the
~ suppression pool to the lower drywell when

9.5.11.4 Tests and Inspections the drywell air space temperature reaches
260oC.

The initial test qualification requirements
described in IEEE 387, IEEE Standard Criteria for (2) The LDF shall pass sufficient flow from the
Diesel Units Applied as Standby Power Supplies suppression pool to the lower drywell to
for Nuclear Power Generating Stations, shall also quench all of the postulated corium, cover
be applied to the CTG in order to ensure adequate the corium, and remove the corium decay
system reliability. However, the factory-test heat, as confirmed by severe accident
portion of this requirement may be waived if the analysis (Appendix 19E). |

identically designed unit has been shown capable
of maintaining a reliability of 0.99 over a (3) The LDF shall operate automatically in a

(jS) dive-year bcriod.A
passive manner.

(Qa d T' Mite acceotance testing, periodic surveillance (4) The LDF outlet shall be at least one meter
testing at. preventive maintenance, inspections, above the lower drywell floor.
etc., inall be performed in accordance with the
manufacture's recommendations, including time (5) The LDF inlet shall be located as far below
intervals for parts replacement. the bottom of the first horizontal

drywell-to-wetwell vent as possible while
9.5.11.5 Instrumentation Requirements still meeting the. requirements for the

location of the LDF outlet.
The CTG is provided with local instrumenta-

tion and control systems suitable for manual (6) The LDF shall not become a flow path from
start.up and shutdown, and for monitoring and the suppression pool to the lower drywell
control during operation. Automatic start-up and during design basis accidents (DBAs) such as

load sequencing is controlled via the control loss of-coolant accidents (LOCAs) or during
console located in the main control room, normal plant operation.

,

Mechanical and electrical instrumentation (7) The LDF shall distribute flow evenly around
linked to control room displays are provided to the circumference of the lower drywc!!,

monitor starting, lubricating and fuel supply
systems, the combustion air in-take and exhaust 9.5.12.2 Systeen Description

system, and the excitation, voltage regulation
and synchronization systems. The LDF is shown schematically in Figure

9.5-3.
Generator output voltage, current, kVA, power

f actor, Hz, etc., ate.also displayed in the The LDF provides a flow path for suppression
control room. Annunciators and computer logs pool water into the lower drywell area during a
provide early detection of abnormal behavior. severe accident scenario that leads to core

meltdown, vessel failure, and deposition of '

9.5.12 Iower Drywell Flooder molten corium on the lower drywell floor.
Molten corium is a molten mixture of fuel, i

9.5.12.1 Design Basis reactor internals, the vessel bottom head and
control rod drive components. The flow path is

The function of the lower drywell flooder opened when the lower drywell airspace :

(LDF) is to flood the lower drywell with water temperature reaches 260*C.
from the suppression poolin the unlikely event
of a severe accident where the core melts and The flow of suppression pool water to the
causes a subsequent vessel failure to occur. lower drywell through the LDF quenches the -

93103
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9.5.13.16 NUREG/CR 0660 Diesel Generator
Reliability Recommendations

Programs shall be developed to address
NUREG/CR4Y40 recommendations regarding training,
preventive maintenance, and root-cause analysis
of component and system failures.

9.5.14 References

1. Stello, Victor, Jr., Design Requirements
Related To The Evolutionary Advanced Light
Water Reactors (ALWRS), Policy Issue,
SECY-89 013, The Commissioners, United
States Nuclear Regulatory Commission,
January 19, 1989.

2. Cote, Autbur 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 Association.
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9A.5 SPECIAL CASES and moderate lines, respectively.
,

9M.1 Piping Penetrations, Reactor Building 9A.5.5 Fire Separation for Divisional Electrical j

Systems |
Piping penetrations through the drywell shell have i

unique design considerations. The stress and There are some cases where cables of more than ;

containment requirements along with the tem- one division are in relatively close proximity and I

perature inputs to the concrete walls leave little require specialjustification. These areas are listed i

design latitude. Experience has shown that some of below and justification of each is evaluated in the h
these penetrations for high energy piping uay not discussion. *

t
,

contain a 3-br fire-resistive barrier such as have M i

){g
provided throughout the other ABWR buildings. 9A.5.5.1 RPS Scram Circuits
Penetration details are not available at this stage of ;

the plant design. It is an COL license information Wiring to each of the four groups of scram sole- ?t
h |requirement (see Subsection 9.5.13.7) that the noids is run in separate rigid steel conduits for the ,,

)[7g
detailed design provide completely equivalent purpose of preventing any possibility of the scram ;

construction to tested wall assemblics or testing will solenoid circuits being exposed to a * hot * short (i.e., e t

{be required. two energized switch legs of different group circuits
shorted together that could negate the scram uO i

IQ9A.5.2 Fire Door Dedations command to more than one group of control rods). c
!The conduits do not require other special separation. v

The design of the nuclear facility must meet many Overheating of the conductors, as by fire, cannot sh ',

criteria, including fire resistivity. Fire doors are an cause an unsafe failure because solenoids can be ,1
example of compromise with other overriding design de-energized by shorts to ground or between conduc- - gn [
criteria that must also be met. Some, such as the tors without creating an unsafe condition. g >

airlock doors between the lock and the Reactor QA f

Building, form part of a pressure vessel and are of The AO Scram Solenoid valves are part of the HCU - % |

%yspecial construction. Such doors generally have a assemblics (two solenoids per valve). They are safety % :

@, {backup fire door. related and recieve their divisional power (Division 2

or 3) from RPS via the Scram Solenoid Fuse Panels Q
9A.53 Charcoal Filters for Process Tanks and (H22 P055 A.H). The fuse panels are located in ;

,c t o
,

;

Q,k;Drain Sumps rooms 111, and 118 (Div. I),125, and 129 (Div. II).4
Fire in any of these rooms could cause a short on the

Several tanks and sumps are fitted with small char- cables feeding power to the scram solenoids and ;

coal canister-type filters to adsorb radioactive cause the associated fuse in the scram solenoid fuse i

halogens and particulates that may be in the gases panel :o blow. Thc fault will be limited to the loss of ;

vented from the tank during filling or draining power to the associated solenoid and will not }
I

operations. Vents from the individual filters and propagate upstream.
tanks with low level radioactivity are ducted to the !

'

HVAC exhaust system. Divisions I & IV pressure transmitters which
monitor control rod drive charging header pressure

Temperature monitoring and automatic or are located in the HCU unit room which contains the
manually actuated fixed fire suppression systems HCUs for Divisions I & IV. Corresponding Divisions - |

!

have not been provided for these filters. Valves can- II & III transmitters are located in the Divisions II & _

not be installed in the lines to isolate the filters as III HCU unit room. ' Each divisional cable is '!
valve closure would result in pressure gradients that individually contained in steel conduit. Shorts or j

could cause tank or sump failure. Manual fire grounds postulated to occur on these cable will not !

suppression systems are available at or nearby each affect the upstream power division because of the !

filter. current limiting capability inherent in the low voltage ;

power supplies whic". feed the transmitters. |

9A.5A Pipe Break Analyses Therefore, postulated multi-divisional shorts or ;

grounds on these cables, due to fire in one of the !

Per the criteria in Section 3.6, the high pressure HCU rooms, will not cause an unsafe condition. !

fire water systems require analysis for high energy j

9A.51 ,
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The following attachment is a " clean" copy of the marked-up draft submittal of
Chapter 8. A significant number of sections were re-numbered in order to
provide a general section applicable to both ac and de equipment and systems. .

Any references to these sections will need to be converted to the new section . !

numbers. For this purpose, the following conversion table is provided:
,i

ORIGINAL SECTION NUMBER NEW SECTION NUMBER

'
8.3.1.1.5.1 ----------------- 8.3.3.1
8.3.1.1.5.2 ----------------- 8.3.1.1.5
8.3.1.1.5.3 ----------------- 8.3.3.2 !

8.3.1.2.3 ------------------- 8.3.3.3 ,

8.3.1.2.4 ------- ----------- 8.3.3.4
'

8.3.1.3 --------------------- 8.3.3.5 ,

8.3.1.3.1 ------------------- 8.3.3.5.1
'

8.3.1.3.1.1 ----------------- 8.3.3.5.1.1
8.3.1.3.1.2 ----------------- 8.3.3.5.1.2

'
8.3.1.3.1.3 ----------------- 8.3.3.5.1.3
8.3.1.3.1.4 ----------------- 8.3.3.5.1.4
8.3.1.4 --------------------- 8.3.3.6
8.3.1.4.1 ------------------- 8.3.3.6.1 !

8.3.1.4.1.1 ----------------- 8.3.3.6.1.1
8.3.1.4.1.2 ----------------- 8.3.3.6.1.2
8.3.1.4.1.3 ----------------- 8.3.3.6.1.3 i

8.3.1.4.2 ------------------- 8.3.3.6.2 i

8.3.1.4.2.1 ----------------- 8.3.3.6.2.1
8.3.1.4.2.2 ----------------- 8.3.3.6.2.2
8.3.1.4.2.2.1 --------------- 8.3.3.6.2.2.1
8.3.1.4.2.2.2 --------------- 8.3.3.6.2.2.2
8.3.1.4.2.2.3 --------------- 8.3.3.6.2.2.3
8.3.1.4.2.2.4 --------------- 8.3.3.6.2.2.4
8.3.1.4.2.3 ----------------- 8.3.3.6.2.3
8.3.1.4.2.3.1 --------------- 8.3.3.6 2.3.1
8.3.1.4.2.3.2 --------------- 8.3.3.6.2.3.2

8.3.4.4 --------------------- 8.3.3.7 (Note some info.-remained in 8.3.4.4)
8.3.3 ----------------------- 8.3.3.8

'
8.3.3.1 --------------------- 8.3.3.8.1
8.3.3.2 --------------------- 8.3.3.8.2

'

8.3.3.3 --------------------- 8.3.3.8.3

>

>

>

t
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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 j
8.2.3.1 which must be complied with by the Utility. ;

8.1.2 Electric Power Distribution System f

B.1.2.0 Definitions

!

The definitions used throughout Chapter 8 are consistent with Section 3 of ;

lEEE 308 with the following important clarifications for.the ABWR: ;

Division. The designation applied to a given safety-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 sted with respect to the IEEE ~108 definition.) A load group
may be safety-related or non-safety-related depending on its common power
supply. j

Safety-related. Any Class 1E power or protection system 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-electrical equipment, whereas " Class 1E" pertains only to electrical' i

equipment (i.e., any equipment which has an electrical interface). j
,

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 i

the circuit breakers for the Class lE 6.9KV switchgear. The applicant has- |
design responsibility for portions of the offsite power system. The scope j

split is as defined in the detailed description of the offsite power system in !

Section 8.2,1.1. i

.

The 1500MVA main power transformer is a bank of three single phase j
!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 lE and ,

non Class 1E. This is also the start-up power source for the unit, j
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. |

t

One, three-winding 37.5 MVA unit reserve auxiliary transformer (RAT) i
provides power 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 each.

8.1.2.2 Description of Onsite AC Power Distribution System [

'
Three non Class lE buses and one Class lE 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, II and III, respectively. One winding of the !

reserve auxiliary transformer may be utilized to supply reserve power to the j
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 1E loads. These loads are grouped on one of the 6.9KV buses per load .

!
group. Power is also provided from the combustion turbine generator to the
three Class IE medium voltage buses via breakers that are normally racked out
for Divisions I and III, and remote manually closed under administrative
control for Division II. i

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 i

480V power center (P/C) switchgear. Motors 100KW or smaller are supplied power
from 480V motor control centers (MCC). The 6.9KV and 480V single line diagrams 6

are shown in Figure 8.3-1.

During normal plant operation all of the non-Class IE 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, 1

!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 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. f

t

The Division I, II, and III standby ac power supplies consist of an ,

independent b.9Kv Class 1E diesel generator, one for each division Each DG may !
be connected to its respective 6.9Kv Class lE switchgear bus through a circuit |
breaker located in the switchgear.

i
|
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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 to 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 i
V power distribution system are supplied via the 6.9Kv Class lE 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 1E instrumentation power system, Figure 8.3 2, ;

provides power for non-Class lE control and instrumentation loads.

The Class lE 120 Vac instrument power system, Figure 8.3-2, provides for
Class lE plant controls and instrumentation. The system is separated into

,

Divisions I, II and III with distribution panels fed from their respective r

divisional sources.

The 125V de power distribution system provides four independent and
redundant onsite battery sources of power for operation of Class 1E de loads.
The 125V de non-Class lE power is supplied from three 125V de batteries located
in the turbine building. A separate non-Class lE 250V battery is provided to
supply uninterruptible power to the plant computers and ncn-Class lE de motors ;

(See Figure 8.3-4).
t

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 solenoid valves. The SSLC power supply is further
described in Subsection 8.1.3.1.1.2.

8.1.2.3 Safety Loads -|
'

'

T;ie safety loads utilize various Class lE ac and/or de 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 de power in the control logic
,

may provide an actuation signal to control a 6.9kV circuit breaker to drive a ,

'

large ac-powered pump motor. The systems required for safety are. listed below:
,

(1) Safety System Logic and Control Power Supplies including the Reactor
-Protection. System |j

i

(2) Core and Containment Cooling Systems. |

f

(a) Residual Heat Removal System (RHR) |

1
(b) High Pressure Core Flooder (HPCF) System ,

i

(c) Automatic Depressurization System (ADS) {
t

.

(d) Leak Detection and Isolation System (LDS) ;
,
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,

(e) Reactor Core Isolation Cooling System (RCIC) '

(3) ESF Support Systems !

(a) Diesel generator Sets and Class lE ac/dc power distribution systems. [

(b) HVAC Emergency Cooling Water System (HECW)

(c) Reactor Building Cooling Water (RCW) System
,

t

(d) Spent Fuel Pool Cooling System
,

(e) Standby Gas Treatment System (SGTS)
|

(f) Reactor Building Emergency HVAC System

(g) Control Building HVAC System
e

(h) High Pressure Nitrogen Gas Supply System !

(4) Safe Shutdown Systems

(a) Standby Liquid Control System (SLCS)

(b) Nuclear Boiler System

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

(c) Residual Heat Removal (RHR) system decay heat removal '

|

(5) Safety-Related Monitoring Systems j

(a) Neutron Monitoring System i

i

(b) Process Radiation Monitoring System
'

i

I
(c) Containment Atmosphere Monitoring System 3

6

(d) Suppression Pool Temperature Monitoring System
,

For detailed listings of Division I, II and III loads, see Tables 8.3-1 and
8.3-2.

!
8.1.3 Design Bases i

!
8.1.3.1 Safety Design Bases--Onsite Power |

.

8.1.3.1.1 General Functional Requirements i

8.1.3.1.1.1 Onsite Power Systems--General !

The unit's total Class lE load is divided into three divisions. Each
division is fed by an independent 6.9Kv Class lE bus, and each division has ;

i
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i
access to one onsite and two offsite power sources. An additional offsite '

power source is provided by the combustion turbine generator (CTG). A
i

description of the CTC is provided in Section 9.5.11. !

!

Each of the two normally energized offsite power feeders (i.e., normal i

preferred and alternate preferred power) are provided for the Divisions I, II |
and III Class 1E 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 i

feeder is manual. During the interim, power is automatically supplied by the ;

diesel generators.

The redundant Class 1E electrical divisions (Divisions I, II, and III) are
provided with separate onsite standby ac power supplies, electrical buses,
distribution cables, controls, relays and other electrical devices. Redundant i

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 divisions. Independent
raceway systems are provided to meet cable separation requirements for

.

*

Divisions I, II, and III.

' Divisions I, II, and III standby ac power supplies have sufficient capacity ,

to provide power to all their respective loads. Loss of the normal preferred i

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
1

stopped manually and are not stopped automatically during emergency operation !

unless required to preserve integrity. Automatic start will also occur on
receipt of a level 1 1/2 signal (HPCF initiate), level 1 signal (RHR initiate) !

and high drywell pressure.

The Class lE 6.9Kv Divisions I, II, and III 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 I requirements. '

This equipment is housed in Seismic Category I structures except for some -

control sensors associated with the Reactor Protection System [see 9A.S.5.1], ;

and the Leak Detection System (see 9A.5.5.7]. Seismic Qualification is in ;

accordance with IEEE Standard 344.-(See Section 3.10) ;

8.1.3.1.1.2 Safety System Logic and Contro1' Power Supply System Design Bases
i

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 1E 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 synchronized 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 normal to alternate
supply. The SSLC uninterruptible power supply _ complies with IEEE Std. 944.

8.1.3.1.1.3 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 follows:

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

control room.
t

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
,

c. 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 controlled 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, complete, and timely information
pertinent to the status of the execute features in the control room. ;

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

7. Electric power systems and equipment has the capability of being !
periodically tested. |

!

8. Testability of electrical systems and equipment is not so burdensome _i
_

operationally that required testing intervals cannot be included. j
r

!

8.1.3.1.2 Regulatory Requirements

The following list of criteria is addressed in accordance with Table 8.1-1 f
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.

|8.1.3.1.2.1 General Design Criteria

,

i
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(1) GDC 2 - Design Bases for Protection against Natural Phenomena;

(2) GDC 4 - Environmental 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
I

(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;

i

i
(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 f
from such requirements per Section 4.1.7 of IEEE 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) RG 1.63 - Electric Penetration Assemblies in Containment Structures for ,

Light-Water-cooled Nuclear Power Plants; j
(6) RG 1.75 - Physical Independence of Electric Systems; ;

;

Isolation between Class lE power supplies and non-Class IE loads is !

discussed in Subsection 8.3.1.1.1.

(7) RG 1.81 - Shared Emergency and Shutdown Electric Systems for_ Multi-Unit |
Nuclear 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 Generator Units Used as Onsite
Electric Power Systems at Nuclear Power Plants;

,

'l
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;

;

(10) RG 1.118 Periodic Testing of Electric Power and Protection Systems; [
:

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

i

(12) RG 1.129- Maintenance.. Testing, and Replacement of Large Lead Storage |
!Batteries for Nuclear Power Plants;

(13) RG 1.153- Criteria for Power, instrumentation, and Control Portions of j
Safety Systems; -|

Functional operation of fuses cannot be periodically tested and is ,

exempt from such requirements per Section 4.1.7 of IEEE 741. However, ;

periodic inspection for continuity, correct size, etc., shall be !

Iperformed.
!

(14) RG 1.155- Station Blackout -i

'

(See Appendix IC)
!

8.1.3.1.2.3 Branch Technical Positions i

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

'IThis BTP is written for Pressurized Vater Reactor (PWR) plants only and is
!therefore not applicable to the ABWR.
,

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

I

The diesel generator sets are not used for peaking in the ABVR design. !
Therefore, this criteria is satisfied. |

t

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

(4) BTP ICSB 18 (PSB) - Application of the Single Failure Criterion to i

Manually-Controlled Electrically-Operated Valves;
!

(5) BTP ICSB 21 - Guidance for Application of Regulatory Guide 1.47; -{
#(6) BTP PSB 1 - Adequacy of Station Electric Distribution System Voltages;

(See Subsection B.3.1.1.7 (9))

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

8.1.3.1.2.4 Other SRP Criteria _i

(1) NUREG/CR 0660 - Enhancement of Onsite Diesel Generator Reliability; i
!

''

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) TMI Action Item II.E.3.1. - Emergency Power Supply for Pressurizer Heater; I
:
I

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

(3) IMI Action Item II.G.1-Emergency Power for Pressurizer Equipment;
,

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

8.1.4 COL License Information

8.1.4.1 Diesel Generator Reliability

NUREG/CR 0660 pertaining to the enhancement of onsite diesel generator -

reliability through operating procedures and training of personnel vill be
addressed by the COL applicant (see Subsection 8.1.3.1.2.4(1)). ,

8.1.5 References
!

IEEE Std 944, Recommended Practice for the Application and Testing of
Uninterruptible Power Supplies for Power Generating Stations.

8.2 OFFSITE POWE.R SYSTEMS

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 fdefined 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),
c) The separated switching stations,
d) The high voltage tie lines from the switching stations to the main power

transformers, and to the reserve auxiliary transformer,
e) The main step-up power transformers, ,

f) The reserve auxiliary transformer,

(AB''R Standard Plant Scope) |
!

g) The three unit auxiliary transformers, !
h) The plant main generator, !

i) The combustion turbine generator, .i
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,
;

i
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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 interconnecting 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 Parts 2 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 i
remaining items g) through n) are within the scope of the ABk'R standard plant !

design.

L' hen used for normal operation, each preferred power supply will be sized
to supply the maximum expected coincident Class 1E and non-Class lE loads. }

|

The normal and alternate preferred power circuits are designed in j

accordance with industry-recommended practice in order to minimize the !

likelihood that they will fail while operating under the environmental i

conditions (such as, vind., 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 isolated phase bus duct at _j

!an intermediate location between the main generator and the main power
transformer. The generator circuit breaker provided is capable of interrupting
a 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 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 backfeeding to the unit auxiliary transformers
and their loads, both Class 1E and non-Class lE. This is also the start-up i

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 synchra-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 lE 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 1E bus directly, two non-Class 1E
buses directly, and one non-Class lE bus indirectly through a non IE to non IE

,

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 f
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 j
transformer loading occurs when one of the three unit auxiliary transformers is i

out of service with the plant operating at full power. Under these conditions-
3

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 provided 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 internal pumps operating so as to attain full power. The reserve i

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 lE buses and the other winding supplies reserve power to
the three Class lE buses. The combined load of the three Class lE 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.

4

The unit auxiliary transformers and the reserve auxiliary 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. In

1'
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addition,.these transformers meet the corresponding requiremr.nts of the latest' |
revisions of ANSI 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 in) the high-voltage circuit breakers and

disconnect switches.] i

,

Offsite system circuits derive their control, protection, and~ instrument DC
power from non-Class lE DC sources in the same non-Class lE load group, and are
independent of the Class lE DC sources.

8.2.1.3 Separation
!

The location of the mait: 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 i
transformers by a minimum distance of 15.24 meters (50 feet). It is a

'

requirement that the 15.24 meters (50 foot) minimum separarion 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 i
offsite circuit from the reserve auxiliary transformer to the Class lE 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 lE 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 reactor buildings ;

except within the switchgear rooms where they are routed to opposite ends of- {
the same switchgear lineups. j

T

The normal preferred feeds from the' unit auxiliary 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 III side of the control building (Figure i

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 lE 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
control' 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 II side of the reactor building. [
From there it continues ~on to the respective switchgear rooms in the reactor ;

building. j
i

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 interlock circuitry required to prevent paralleling of the two- '

offsite sources. However, these circuits are electrically isolated and ;

separated to the extent practical. The reserve auxiliary transformer power,
Iinstrument and control cables do not share raceways with any other cables.

i

The instrumentation and control cables for the unit auxiliary transformers
. 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 IE rotating equipment, which could produce potential missile hazards, i_

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 (CTC) supplies standby power to the
non-Class 1E buses which supply the non-Class lE plant investment protection

(PIP) 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 additional offsite source in that it supplies power to
multiple load groups. In addition, manually controlled breakers provide the
capability of connecting the combustion turbine generator to 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 turbine building,
and is shown on Figure 8.2-1. Sheet 2. The CTG standby power feed and
instrument and control cables for the turbine building are routed'directly.to
the switchgear rooms 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 0800), Table 8-1-and
Section 8.2, the offsite power distribution system is designed consistent with
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the following criteria, so far as it applies to the non-Class lE equipment. !

Any exceptions or clarifications are so noted.

8.2.2.1 General Design Criteria i

.(1) 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. [

(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 to ensure
that: 1) Fuel design limits and design conditions of the reactor coolant
pressure boundary will not be exceeded as a result of anticipated i

operational-occurrences, and 2) In the event of plant design-basis-
accidents, the core will be cooled, and conta'nment integrity and other
vital functions will be maintained. ,

'|
As shown in Figure 8.3-1, each of the Class lE d!. visional 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 lE, such separation assures the physical independence .i
requirements of GDC 17 are preserved.

.

The transformers are provided with separate oil collection pits and drains
a safe disposal area. Separation of offsite equipmer.t is discussed' in

,

,.2.1.3. The plant. fire protection system is_ discussed in 9.5.1. '

(3) GDC 18 - Inspection and Testing of Electriral 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 i

operation, the reliability will be such that testing can be performed ;

during plant shutdown (for example, the main generator circuit breaker). '

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).

(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.

e
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;

(5) RG 1.153--Criteria For Power Instrumentation and Contro1' Portions of ,

Safety Systems !

(6) RG 1.155--Station Blackout ;

(See Appendix IC) |

(7) BTP ICSB 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 i

generator circuit breaker meet the specific guidelines of this appendix,
therefore compliance with the appendix is assured.

(9) IEEE Std 765, IEEE Standard for Preferred Power Supply for Nuclear Powered |
Generating Stations {

It is a requirement that the total design provided by CE and_the applicant
meet the requirements of this IEEE 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 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.

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 factor 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 auxiliary 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.

T

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) 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 system shall be no more than plus or i

minus 10 percent of their nominal value during normal steady state i

operation.

(3) 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.

(4) The site specific configuration of the incoming transmission 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).

'

(5) 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 voltag* (6.9 kV) switchgear shall be- |
separated from the output of the main power and unit auxiliary' transformers '

by a 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 manner as the
power feeders. The switching stations may be in the same switchyard or
separate switchyards provided the required minimum separation is

.

'
maintained.

(6) The switching station to which the main offsite power circuit is connected i
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 isolated for maintenance without
interrupting service to any circuit;
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(c) Faults of a single _ main bus are isolated without interrupting service ,

to any circuit,

(7) The main power transformer shall be three normally energized single-phase |
transformers with an additional installed spare. Provisions 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. !

4

(8) The main transformers and the reserve auxiliary transformer shall be .i
designed to meet the requirements of ANSI Standard C57.12.00, General ,

Requirements for Liquid-Immersed Distribution, Power and Regulating
Transformers.

,

!(9) Transformers shall be provided with separate oil collection pits and drains
to a safe disposal area, and shall be provided with fire protection deluge ;

systems as specified in Section 9A.4.6. Transformers shall also be ,

provided with lightning protection systems and grounded to the plant
grounding grid. ;

(10) Circuit breakers and disconnect switches shall be sized and designed in i

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.
!

(11) Although 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. i

(12) 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. Each redundant protection circuit which supplies a trip .

signal shall be connected to a separate trip coil. All equipment and _j

cabling associated with each redundant system shall be physically +

separated. .'
'!

'

(13) The de 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 J
charger fed from a separate ac bus. Each battery shall be capable:of 5

supplying the de 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.-

i

(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

'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) Each transformer shall have primary and backup prorective devices. DC

power to the primary and backup devices shall be supplied from separate
de sources j

(16) The requirements of IEEE Std 765, Preferred Power Supply for Nuclear ;

Generating Stations, as modified by Section 8.2.2.l(9) of this SSAR'
shall be met.

8.2.4 COL License Information |

8.2.4.1 Periodic Testing of Offsite Equipment
1

Appropriate plant procedures shall include periodic testing and/or
verification to ensure the following:

(1) The normal and alternate offsite power circuits are energized and
connected to the appropriate Class lE distribution system division at
least once every 12 hours. 1

(2) 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. ,

(3) The required Class 1E 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.

(4) The loss of the offsite preferred power supply can be detected.- |

(S) Switching between preferred power supplies can be accomplished. |

(6) The batteries and chargers associated with the preferred power system ,

can meet the requirements of their design loads.

(7) 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' t

open.) !

!

(8) 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, j

cleaned and tightened, as necessary.

The test and inspection intervals will be established and maintained
according to the guidelines of IEEE 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 (CTC) is available,

(2)- The bus arrangement is aligned such. that the CTG can serve as a
backup 'offsite' power source to the affected 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.

8.2.4.3 offsite 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 a Symmetrical Current Basis.

(2) ANSI Std C57.12.00, General Requirements for Liquid-Immersed Distribution,
Power and Regulating Transformers.
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Table 8.2-1
ADDITIONAL REQUIREMENTS '

IEEE STD 765 !

IEEE STD765 Reference Requirement or Explanatory Note |

4.1 General SSAR Figure 8.3-1 should be used as the [
reference single line instead of the IEEE
Std example, Figures 2, (a), (b) and (c).

'4.2 Safe ty' Classification The separation criteria called for in
Subsection 8.2.1.3 must be met.

4.5 Availability The ABWR design utilizes direct connection
of the two preferred power circuits to the |
Class IE buses.

5.1.2 Transmission System ' Additional analysis is required per
Reliability Section 8.2.3(4) ,

,

5.1.3 Transmission System
Independence t

5.1.3.2 Specific requirements for tolerance to !

equipment failures are stated in the SSAR j
and must be met. ,

r

5.1.3.3 Since a separation of at least 50 feet is-
required for the exposed circuits, a ;

common takeoff structure cannot be used.

5.3.2 Class 1E Power System (See comments _above for 5.1.3.3)
Interface Independence

5.3.3 Connections with Class IE Systems ,

5.3.3.2 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. j

5.3.3.3 Only standby power sources may be {
'

paralleled with the preferred power
sources for load testing. The available
fault current must be less than the rating j
of the breakers. It is not required 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 a 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 IE and a Class 1E portion. The three

load groups of the Class 1E 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 lE 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 !

transformer.

Standby power is provided to permanent non-Class lE 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 I

'

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 8.3.4.9 for COL license information

8.3.1.0 Non-Class lE AC Power System

8.3.1.0.1 Non-Class lE Medium Voltage Power Distribution System

The non-Class IE 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). |

f

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: i
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 I

investment protection (P1P)] 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 equipment -

in addition to the divisional Class lE 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 ,

b2ilding 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 lE 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 Control and Reactive
Compensation of Static Power Converters. Voltage distortion limits are as .i
stated in Table 4 of the IEEE Std. |

8.3.1.0.2 Non-Class lE 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 lE, two 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 lE Vital AC Power Supply System

,

i
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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 1E loads that
are required for continuity of power plant operation. The system consists of
three 120V ac. uninterruptible constant voltage, constar.t frequency (CVCF) . power
supplies, each including a static inverter, ac and de static transfer switches,
a regulating step-down transformer (as an alternate ac power supply), 'and a
distribution panel (Figure 8,3-3). 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 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. 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
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 is less than 88% of the rated voltage, the input
is switched to the de 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

(c) 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 Supply System (Non-Class 1E)

Two constant 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 de to ac inverter, a bypass transformer and de and ac
solid-state transfer switches (Figure 8.3-3, sheet 2). The normal feed for.the

c:\ow62\ct2/chBdraft.wp March 30, 1993 24-



r

power supplies is from non-Class 1E power center supplied from the permanent
non-safety-related buses which receive power from the combustion turbine if
offsite power is 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 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.
(See Subsection 8.3.1.0.3).

8.3.1.1 Class lE AC Power Distribution System

8.3.1.1.1 Medium Voltage Class 1E Power Distribution System

Class 1E ac power loads are divided into three divisions (Divisions I, II~,
and III), 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' i

from the alternate preferred power source (See Subsection 8.3.4.9). .

I

Each 6.9 kV bus has a safety grounding circuit breaker designed to protect >

personnel during maintenance operations (see Figure 8.3-1). During periods
when the buses are energized, thrse breakers are racked out (i.e., 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 de rices 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 ava31able.

'

Conversely, the bus feeder breakers interlocked such that they cannotire

close unless their associated grounding breakers are in their disconnect
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, II

and III buses are automatically transferred to the diesel generators when the
normal preferred power supply to these buses is lost.

The Division I Class IE bus supplies power to three separate groups of
non-Class lE 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 first 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 I switchgear are part of the isolation - |
scheme between the Class lE power and the non-Class 1E load. In addition to

|
|
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the normal over-current tripping of these load breakers, Class 1E 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 ;

IE 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 to trip in its normal instantaneous ,

tripping time of 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 biccking delay will time out without either 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 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 the trip unit for the breaker
and is tested when the other features such as cur ent setting and long-time
delay are tested.

Power is supplied to each FMCRD load group from tither the Division I Class
1E bus or the non-Class 1E PIP bus through a pair of interlocked transfer '

switches located between the power sources and the 6. kV/480v transformer
feeding the EHCRD MCC. These transfer switches are c1: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 Clast IE diesel bus source. -

Switching back to the Class 1E diesel bus power is by n nual action only,
t

The design minimizes the probability of a single failu._ lfecting more
than one EMCRD group by providing three independent Class IE feeds (one for
each group) directly from the Division I Class 1E 6.9 kV bus (see sheet 3 of <

Fi ure 8.3-1).5

The Class 1E load breakers in conjunction with the zone selective
interlocking feature (which is also Class IE), provide the needed isolation
between the Class IE bus and the non-Class IE loads. The feeder circuits on
the upstream side of the Class 1E 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 IE.

.

Non-Class 1E loads being supplied from a Class 1E bus exists only in
Division I, as described above for the EHCRD's. Non-Class 1E loads are not
permitted on Divisions II or III This prevents any possibility of -

interconnection between Class IE divisions.

8.3.1.1.2 Low Voltage Class 1E Power Distribution System

8.3.1.1.2.1 Power Centers
t
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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 lE 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?nr 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 beckup protection for a fault'
.

!current in the penetration in the event of cirr ait 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 lE 120/240V power. This power is used for

'

emergency lighting, and other 120V Class lE loads.

8.3.1.1.4 Instrument Power Supply Systers i

8.3.1.1.4.1 120V AC Class lE Instrument Power System ;

Individual transformers supply 120V ac instr ament power (Figure 8.3-2) .
Each Class 1E divisional transformer is supplied from a 480V 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 i

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 System
,

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
I, II, III, and IV) have been established. They are each normally supplied

'

i
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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 de

battery provides an alternate source of power through the static switch, ,

The capacity of each of the four redundant Class IE CVCF power supplies is l
based on the largest combined demands of the various continuous 10:dr plus 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 III, 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 feed [
through a voltage regulating transformer from a 480V motor control center for
each of the three divisions. i

Since there is no 480V ac Division IV power, Division IV is fed from a
Division II motor control center. O the rwise , the ac supply for the Division IV
CVCF power supply is similar to the other three divisions. The de supply for ;

Division IV is backed up by a separate Division IV battery, j

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 i

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.

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 480V/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 output power distribution cabinet. If the voltage or
frequency of the ac power gets out of its design range, _the power monitor i

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 result in their damage.
t

t

(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).

,

8.3.1.1.4.2.3 Operating Configuration ,

|

The four 120 Vac Class lE 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 ;

II CVCF power supply. The R.PS B solenoids bus is supplied from the Division i
III CVCF power supply. The #3 solenoids for the MSIVs are powered from the

;Division I CVCF; and the #2 solenoids, from the Division II CVCF power supply.

8.3.1.1.5 Class 1E Electric Equipment Considerations f

The following guidelines are utilized for Class 1E 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 +/- 10%. In 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 3

voltage drop analysis will be performed in accordance with IEEE 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.

(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 IEEE 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 operation.

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 ANS1 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 layout.

B.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 1E equipment function in .i

situations of power loss or equipment failure. .

i
iCircuit protection of the Class 1E buses contained within the nuclear

island is interfaced with the design of the overall protection system outside
the nuclear island.

8.3.1.1.6.2 Grounding Methods
:

Station grounding and surge protection is discussed in Appendix 8A.1. The ;

medium voltage (6900V) system is low resistance grounded except that each
diesel generator is high resistance grounded to maximize availability.

?,

See Subsection 8.3.4.14 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:

(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) 480V bus incoming line and feeder circuits have inverse time over-current
and ground fault protection.

8.3.1.1.6.4 Protection Requirements ;

Protective _ devices of the diesel generators meet all requirements of IEEE t

603. When the diesel generators are called upon to operate during LOCA
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|
conditions,'the-only protective devices which shut down the diesel are the. i

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 i

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 i

isolated from the tripping circuits during LOCA conditions. However, all of-
these bypassed parameters are annunciated in the main control room (see j
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.

i

Synchronizing interlocks are provided to prevent incorrect synchronization j

vhenever the diesel generator is required to operate in parallel with the -

preferred power supply (see Section 5.1.4.2 of IEEE 741). Such interlocks are i

capable of being tested, and shall be periodically tested per 8.3.4.23).
,

B 3.1.1.7 Load Shedding and Sequencing on Class 1E Buses |

|

This subsection addresses Class 1E Divisions I, II, and III. Load
'

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 a LOCA during LOPP reduces the time delay for initiation of bus

transfer from 3 seconds to 0.4 seconds. The Class lE 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 ready 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 j
systems signals.

,

.

(1) Loss of Preferred Power (LOPP) : The 6.9kV Class IE buses are normally s

energized from the normal or alternate preferred power supplies. Should !
the bus voltage decay to below 70% of its nominal rated value, a bus
transfer is initiated and the signal will trip the supply breaker, and

3
'start the diesel generator. When the bus voltage decays to 30%, large pump

motor breakers are tripped. The transfer then proceeds to the diesel i

generator. If the standby diesel generator is ready to accept load (i.e., i

voltage and frequency are within normal limits and no lockout exists, and i

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 30%). This accomplishes !

automatic transfer of the Class lE bus to the diesel generator. Large :

motor loads will be sequence started as required and shown on Table 8.3-4. '

:

(2) Losa of Coolant Accident (LOCA): When a LOCA occurs, with or without a
LOPP, the load sequence timers are started if the 6.9 KV emergency bus

'
voltage is greater than 70% and loads are applied to the bus at the end of
-preset times. j

i
i

'
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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 normal or alternate preferred power or &
the diesel generator. The load sequence timers are part of the low level i

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. If a |

timer failed, the LOCA load could be applied manually provided the bus
-voltage is greater than 70%. {

r

(3) 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. ' j

i

(4) 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.

(5) LOCA when diesel generator is parallel with preferred power source during
test: If a LOCA occurs when the diesel generator is paralleled with either
the normal preferred power or the alternate preferred power source, the D/G
will automatically be disconnected 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.

(6) LOPP during diesel generator paralleling test: If the normal preferred
i

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. Load shedding and bus transfer will
proceed as described in (1).

(7) 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.

(8) Protection against degraded voltage: For protection of the Division 1 II
and III 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 90% 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 IE 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 IEEE '

741.
.i

Equipment is' qualified for continuous operation with voltage 110% of f
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.) [
............................................................................... ,

FOOTNOTE :
,

a

* A complete load analysis shall be performed in accordance with Chapter 3
of IEEE 141, and IEEE's 242 and 399, for the power distribution system to .

demonstrate proper sizing of power source and distribution equipment. Such 1

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 i

The diesel generators comprising the Divisions I, II and III standby ac
power supplies are designed to quickly restore power to their' respective Class
lE distribution system divisions as required to achieve safe shutdown of the
plant 2nd/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 I, II and III diesel. generator standby power supplies.

:
!

See Subsection 9.5.13.8 for COL license information.
,

i

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 control only during ;

testing.or for bus transfer.

8.3.1.1.8.2 Ratings and Capability

|
'

L The size of each of the diesel-generators serving Divisions I, II and III
satisfies the requirements of NRC Regulatory Guide 1.9 and IEEE Std 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 8,3 4. i

(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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. 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 each diesel generator to be capable of reaching full. f
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. !

(5) 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 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 supplying post-accident power requirements to a unit
for seven days (see 9.5.4.1.1). j

(7) 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).

,

(8) Each diesel generator is capable.of operating in its service environment i

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 onto 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 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. |
f

(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 2% of nominal, and voltage will be restored to within 10% 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). <

i(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 Guide 1.9). ,

-i

(17) Bus voltage and frequency will recover to 6.9 kv110% at 6012% Hz within i

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

,

'

(10).
!

8.3.1.1.8.3 Starting Circuits and Systems !

'

Diesel generators I, II and III 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 voltage below preset values for a 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 IE 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 connecting the buses to the preferred
power supplies are open the diesel-generator breaker is closed when required

,

generator voltage and frequency are established, j

Diesel generators I, II and III are designed to start and attain rated
'

voltage and frequency within 20 seconds. The generator, and voltage regulator i

are designed to permit the set to accept the load and to accelerate the motors !
!in the sequence'within the tima 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 ,

load 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, Ioading 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 .

!
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*'the Class 1E 480V unit substation feeders,-before closing the diesel generatnr
breaker.

The large motor loads are later re-applied sequentially and automatically _ i

to the bus after closing of the diesel-generator breaker.

8.3.1.1.8.5 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) generator differential relay trip.
,

These and other protective functions (alarms and trips) of the engine or r
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 room which

identifies the diesel generator and general anomaly concerned. Those anomalies
which cause the respective D/G to become inoperative 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, field volts, field amps, engine speed,.

and watt-hours. Diesel generator status (i.e., "RUN", "STOP") indication is
provided for the Remote Shutdown System.

8.3.1.1.B.7 Engine Mechanical 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 generator 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 IEEE Std.
387 as modified by Regulatory Guide 1.9 requirements.

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 IE 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 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 CDCs.
The GDCs are generically addressed in Subsection 3.1.2.

(2) Regulatory Guides (RGs):

(a) RG 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

(c) 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 IE power system that have
no direct safety function and are only provided to increase the
availability or reliability of the Class lE power system meet those
requirements of IEEE 603 which assure that those components,
equipment, and systems do not degrade the Class lE 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: operatin5 bypass, maintenance
bypass, and bypass indication.

(d) RG 1.47 - Bypassed and Inoperable Status Indication for Nuclear
Power Plant Safety Systems

(e) RG 1.63 - Electric Penetration Assemblies in Containment
Structures for Light-Water-Cooled Nuclear Power Plants

(f) RG 1.75 - Physical Independence of Electric Systems

Regarding Position C-1 of Regulatory Guide 1.75 (see Section
8.3.1.1.1), the non-Class IE FMCRD motors and brakes are. supplied
power from the Division 1 Class lE 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 lE load. There
is also a zone selective interlock provided from the load breaker to
the Class IE 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 from 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 8.3 2 show the rating of each of the Divisions I, II and
III diesel generators, respectively, and the maximum coincidental load for
each.

(g) RG 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 nnrmal
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 8.3.4.24).

(h) RG 1.108 - Periodic Testing of Diesel Generator Units Used as Onsite
Electric Power Systems at Nuclear Power Plants
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(i) RG 1.118 - Periodic Testing of Electric power and Protection Systems f
;

(j ) RG 1.153 - Criteria for Power, Instrumentation, and Control Portions i

- of Safety Systems ;

;

Fuses cannot be periodically tested and are exempt from such j
requirements per Section 4.1.7 of IEEE 741.

1

(k) RG 1.155 - Station Blackout -

(See Appendix 1C) !

(3) Branch Tcchnical Positions (PTPs):
.

(a) BTP ICSB 8 (PSB) - Use of Diesel Generator Sets for Peaking }

(b) BTP ICSB 18 (PSB) - Application of the Single Failure Criterion to
Manually-Controlled Electrically-Operated Valves.

(c) BTP ICSB 21 - Guidance for Application of Regulatory Guide 1.47

J) BTP PSB 1 - Adequacy of Station Electric Distribution System Voltages

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

The onsite ac power system is designed consistent with these positions.

(4) Other SRP Criteria:

(a) NUREG/CR 0660 - Enhancement of Onsite Diesel Generator Reliability

As indicated in Subsection 8.1.3.1.2.4, 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 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 available to 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 8.3.4.15). 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
I

A DC power system is provided for switchgear control, control power,
instrumentation, critical motors and emergency lighting in control rooms, 1

switchgear rooms and fuel handling areas. Four independent Class 1E 125 Vdc'

divisions, three independent non-Class lE 125 Vdc 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.

i

Each battery is separately: housed in a ventilated room apart from its ;

charger and distribution panels. Each battery feeds a de distribution [
switchgear panel which in turn' feeds local distribution panels and.de motor :

control centers. An emergency eye. wash is supplied in each battery room. j

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 from the design minimum ;

charge state to the fully charged state within 12 hours (per technical- ;

specifications), reSardless of the status of the plant during which these ;
''

demands occur (see 8.3.4.35).
>

8.3 2.1.1.1 Clars lE 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 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 de load.

Batteries are sized for the de load in accordance with IEEE Standard 485. -!
.i

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, i

'I
;

i
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2).is immediately available during both normal 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 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 9f 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 i
electrolyte temperature of 21C (70F),

8) has a 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, i

10) is designed so that each battery's capacity can periodically be 1

verified.

8.3.2.1.2 Class 1E DC Loads

The 125 Vdc Class 1E power is required for emergency lighting,
.'

diesel-generator field 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 supplies, as well as de components used in the
reactor core isolation cooling system. '

i

The four divisions that are essential to the safe shutdown of the reactor. ,

are supplied from four independent Class lE 125 Vdc buses. .

8.3.2.1.3 Station Batteries and Battery Chargers, General Considerations -

The four ESF divisions are supplied from four independent Class 1E 125 Vdc .f

systems (See Figure 8.3-4). Each of the Class lE 125 Vdc systems has a 125 Vde- !
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 de distribution buses !
include distribution panels, drawout-type breakers 'and molded case circuit

;

breakers. ;
,

The Class IE 125 Vdc systems supply de power to Divisions I, II. III and |
IV, respectively, and are designed as Class 1E equipment in accordance with j

IEEE Std 308. They are designed so that no single failure in any 125 Vdc j

system will result in conditions that prevent safe shutdown of the plant with |
|

~l
i
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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 area separated physically from ,

other divisions. All the components of Class 1E 125 Vdc systems are housed in
Seismic Category I structures.

8.3.2.1.3.1 125 Vdc Systems Configuration

Figure 8.3-4 shows the overall 125 Vdc system provided for Class lE
Divisions I, II, III and IV. One divisional _ battery charger is used to supply
each divisional de 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 de divisions'except those involving the
standby battery chargers, as described below.

Each Class lE 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 de 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 de system minimum discharge voltage 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 de loads is 100 to 140V.

As a general requirement, the batteries have sufficient stored energy to
operate connected Class 1E loads continuously for at least two hours without
recharging. The Division I battery vbich controls the RCIC system, is
sufficient for eight hours during stu.- l a 1 blackout. During this event
scenario, the load reductions on DP + ,aq II, 111, and IV also extend the
times these batteries are available (< , subsection 19E.2.1.2.2). Each ,

distribution circuit is capable of transmitting sufficient energy to start and
operate all required loads in that circuit-.

A load capacity analysis has been performed based on IEEE 485-1978, and <

submitted on the docket for estimated Class 1E de battery loads as of r

'

September, 1989. A final analysis will be performed when specific battery
parameters are known (see 8.3.4.6).

iAn initial composite test of onsite ac and de 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. .(

. .

T
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See Subsection 8.3.4.6 for COL license informations.

8.3.2.1.3.2 Non-Class lE 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 nr.intenance 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 load 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 example the load Group 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 lE 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 Vdc 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-clasa 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. |
t

8.3.2.1.3.5 Station Blackout
;

Station blackout performance is discussed in Subsection-19E.2.1.2.2. An t

assessment of Regulatory Guide 1.155 is provided in Appendix 1C See Subsection .

8.3.4.16 for COL license information. [
,

8.3.2.2 Analysis

8.3.2.2.1 General DC Power Systems

The 480 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 de power system is
iextremely 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 j

conditions of important system parameters such as charger failure or low bus ;

voltage are annunciated in the main control room and/or locally..
IAC 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 1E buses.
i

(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 t

cross connections between the redundant DC systems. ;

8.3.2.2.2 Regulatory Requirements

The following analyses demonstrate compliance of the Class IE Divisions I, i

II, III 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 f
which is based on Table 8-1 of the Standard Review Plan (SRP) . In general .the

'

,
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ABWR is designed in accordance with all criteria. Any exceptions or
clarifications are so noted.

(1) General Design Criteria (CDC):

(a) Criteria: GDCs 2, 4, 17, and 18.
:

(b) Conformance: The de power system is in compliance with these CDCs . .
'

The GDCs are generically addressed in Subsection 3.1.2'.
,

(2) Regulatory Guides (RCs):
;

(a) RG 1.6 - Independence Between Redundant Standby (Onsite) Power !
!Sources and Between Their Distribution Systems
:
I

(b) 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.

(c) RG 1.47 - Bypassed and Inoperable Status Indication for Nuclear
Power Plant Safety Systems

'

(d) RG 1.63 - Electric Penetration Assemblies in Containment Structures
for Light-Water-Cooled Nuclear Power Plants

(e) RG 1.75 - Physical Independence of Electric. Systems
!

The DC emergency standby lighting system circuits up to the lighting
fixtures are Class lE associated and are routed in seismic Category I
raceways. However, the lighting fixtures themselves are not
seismically qualified, but are seismically supported. _This is
acceptable to the Class lE power supply because of over-current
protective device coordination. The cables and circuits from the-
power source to the li hting fixtures are Class 1E associated. TheS
bulbs cannot be seismically qualified. This is why the circuits are
Class lE associated. The bulbs _can only fail open and therefore do |

not represent a hazard to the Class 1E power sources.
i

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 e

5.5.1 of IEEE 384-1981, with the clarification for Items (3) and-(4)
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.

(f) RG 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 8.3.4.24).

(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) RG 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 IEEE 741. j

(k) RG 1.155 - Station Blackout .

(See Appendix IC) ;

!

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 cooling, '

,

containment integrity and other vital functions is maintained in the event of a *

postulated accident, assuming a single failure.
P

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 lE ,

equipment is provided with a separate and independent 125 Vde system. [
t

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 de power system is designed consistent with this cri,teria, j
!

(4) Other SRP Criteria:

According to Table 8-1 of the SRP, there are no other criteria applicable
to de power systems.

(5) Other Criteria

(a) .IEEE.946 " Recommended Practice for the Design of Safety-Related DC i

Auxiliary Power Systems for Nuclear Power Generating Stations" ;

i
;
'
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The ABk'R 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 de power systems, respectively. However, some information is
applicable to both ac and de 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 equipment is separated in accordance with IEEE 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 IE
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~1ess 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 ' I

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 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 ,

rooms or fire areas wherever possible.
*

'

Electric equipment and wiring for the Class lE 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 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 of the protective actions provided by i

redundant load groups. Cross talk between divisions to facilitate the i
'two out-of-four logic for the Safety System Logic.and Control (SSLE) is

accomplished by fiber-optic medium. |
;

The Class lE divisional ac switchgear, power centers, battery rooms and de |
distribution panels and MCCs are located to provide separation and electrical

i
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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
I, II, III 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 and 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. No penetration carries cables of more than one
division.

.

Separation within the main control room is designed in accordance with IEEE
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 Class 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 1E circuits remain with or are physically separated in the
same manne; as those Class 1E circuits with which they are associated, from the
Class IE 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 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 i

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 l
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 cannot be tested during plant operation, I
the reliability is such that testing can be performed during plant shutdown
(for example, safety relief valves and certain isolation valves). .The
requirements of IEEE Std 379 Regulatory Guide 1.118 and IEEE 338 are met. .j

8.3.3.3 Quality Assurance Requirements f
!

A planned quality assurance program is provided in Chapter 17. This i
'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 quality assurance programs and ;

preparation of procurement specifications incorporating quality assurance i

f
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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, t

certificates and other quality assurance documentation, and vendor submittal of
quality control records considered necessary for purchaser retention to verify
quality of completed work.

i
'

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. :

B.3.3.4 Environmental Considerations
,

In addition to the effects of operation in normal service environment, all !
Class lE 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 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 lE equipment and wiring of different divisions, and between Class '

lE 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 lE (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 i

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 lE 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 lE associated ;
'

circuits in the pre-certified ABWR desi n. Any other associatedE
circuits added beyond the certified design must be specifically
identified and justified. Associated circuits are o fined in Section ;

!5.5.1 of IEEE 384-1981, with the clarification f pr It ems (3) and (4)

that non-Class lE circuits being in an enclosed t..ceway without the
required physical separation or barriers between the enclosed raceway
and the Class lE or associated cables makes the circuits (related to the
non-Class lE cable in the enclosed raceway) associated circuits.

,
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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 1

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 lE equipment. For !

Class 1E equipment, the name-plates have color coded background with black
engraving.

8.3.3.5.1.2 Cable Identification '

All cables for Class lE 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 also color coded or color tagged (at intervals not to

exceed 30.5 cm (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. /ny non-divisional cable
within such cabinets shall be appropriately markea to distinguish it from the
divisional cables.

8.3.3.5.1.3 Raceway Identification

'

All conduit is similarly tagged with a unique conduit number, in addition
tto the marking characteristics shown below, at 4'.57 meters (15 f t.) 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 also 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 f t.) 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.

.
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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. i

For EMI protection, neutron-monitoring cables are run in their own
dedicated divisional conduits and cable trays. Scram solenoid cables are run y

in a separate conduit for each rod scram group. ;

The redundant Class 1E, equipment and circuits, assigned to redundant Class i

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.

8.3.3.5.1.4 Sensory Equipment Grouping and Designation Letters

iRedundant 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.

t

8.3.3.6 Independence of Redundant Systems

8.3.3.6.1 Power Systems

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
9A, Subsection 9A.S.5.5.

,

The physical independence f electric power systems complies with the
requirements of IEEE Standard Ub4, General Design Criteria 17, 18 and 21 and j

NRC Regulatory Guides 1.6 and 1.75. f

8.3.3.6.1.1 Class 1E Electric Equipment Arrangement !

!

(1) Class IE 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) 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 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 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).

(4) An independent raceway system is provided for each division of the Class lE
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 (8kv insulation class).
1

(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
'

tsignal up to 12 VDC.

t

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.
|
'

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

!In addition, ac and de distribution panels'are located in the same or
similar areas as Class lE 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 administrative 1y controlled.

*

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

8.3.3.6.1.2 Electric Cable Installation

(1) Cable De-rating and cable tray fill--Base ampacity ratin5 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 isolation 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.S.

(3) Sharing of cable trays--All divisions of Class 1E ac and de 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 cables (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 :
Iracks--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 j

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.
i

(7) Electric penetration assembly--The separation of electric penetration
assemblies exceeds the requirements for cables and raceways given in
Section 6.1.5 of IEEE 384. Separation by distance (without barriers) is

1

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 Lf IEEE 384. However, the lesser distances i

allowed 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.

iThese 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 1E and penetrations containing
Class IE or associated Class 1E circuits, and

,

3. Between penetrations containing Class 1E circuits and other divisional
or non-divisional cables.

t

'

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 8.3.4.4 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

(S) 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 j

motor drivers are the same as the machinery driven). Based on these
identification numbers, each item can be identified as Class 1E or non-Class i

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 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 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. 1

i

|
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8.3.3.6.2 Independence of Redundant Class 1E I & C Systems

This subsection defines independence criteria applied to class-1E
electrical systems and instrumentation and 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 (actuators), logi.,
instrument channels, controls, and interconnecting cables which'are required to
perform system safety functions. The criteria outlines the separation i

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 i

Separation of the equipment for the systems referred to in Subsections i

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, General Design Criteria 3, 17, 21 and 22,
and NRC Regulatory Guides 1.75 (IEEE 364) and 1.53 (IEEE 379).

Independence of mutually redundant and/or diverse Class 1E equipment,
devices, and cables is achieved by three-hour fire-rated barriers and
electrical isolation. 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.S.

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 !4

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 IE circuits i

and equipment'is such that the required independence will not be compromised by
the failure of mechanical systems served by the' Class IE 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 separation 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

.

t
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Three-hour fire rated protective barriers shall 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 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.S.

Separation in all safety equipment or cable areas shall equal or exceed the ;

requirements of IEEE 384.

8.3.3.6.2.2.3 Main Control Room and Relay Room Panels

The control room area and cable chases are considered non-hazard areas (as
defined in Section 6.1.3 of IEEE 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, i

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. 1

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 i

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) separation is maintained between the outside wall of the conduit and i

other wiring not of the same division.

(2) Class 1E circuits and devices will also be separated from the non-Class lE ,

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 cf the same division.

(3) Where electrical interfaces between Class 1E and non-Class IE circuits or -

between Class lE circuits of different divisions cannot be avoided, Class -

lE isolation devices are used (Subsection 8.3.3.6.2.2.4). 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.

I
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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.

I(6) Class lE, Class lE associated, or non-Class lE power circuits routed in the
control room area are limited to those required to operate systems, i

equipment, or components located in the control room area (power cables are ;

not permitted to traverse through from one side of the control room area to >

the other without being terminated in the control room area) .

8.3.3.6.2.2.4 Isolation Devices t

!

Where electrical interfaces between Class _lE and non-Class lE circuits or- *

between Class lE circuits of different divisions cannot be avoided, Class lE !
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. J
an isolation transformer as described in Subsection 8.3.1.1.1.

Wiring from Class lE equipment or circuits which interface with non-Class ,

I1E equipment circuits (i.e., annunciators or data loggers) is treated as Class
.

lE and retain its divisional identification up to and including its isolation j
device. The output circuits from this isolation device are classified as ;

non-divisional and shall be physically separated from the divisional wiring.

8.3.3.6.2.3 System Separation Requirements
P

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 lE electrical division "I", "B" with "II", and "C" with

"III".) Other separation requirements pertaining to the RPS and other ESF ;

systems are 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:
r
!

(1) RPS sensors, sensor input circuit wiring, trip channels and-trip logic !

equipment will be arranged in four functionally independent and i

divisionally separate groups designated Divisions 1, II, III 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. j

~

!
(2) Where trip channel data originating from sensors of one division are 4

required for coincident trip logic circuits in other di isions, Class 1E |
r
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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.

(3) 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 one
division will r.ot be routed with any wiring or cabling associated with a
redundant division.

(4) The scram solenoid circuits, from the actuation devices to-the solenoids of
the scram pilot valves of the CRD hydraulic control 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 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 solenoid wiring circuits and for the B |
solenoid wiring circuits of the same scram group.

(6) Scram group cenduits will have unique identification and will be *

separately routed as Division II and III 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 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 confines of any other !

tray or raceway system. The RPS conduits containing the scram group wiring
Ifor the A and B solenoids of the scram pilot valves (associated with

Divisions II and III, 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.)3

vertical, or with an additional barrier separated by 2.5 cm (1 inch).

(7) Any scram group conduit may be routed alongside of tny 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 1E controls 'will be run ;

as Division I and Division II 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) 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 1, II, III and IV. Under the vessel, cables will be
enclosed and separated as defined in Appendix 9A.5.5.5. ;

,

8.3.3.6.2.3.2 Other Safety-Related Systems !

!

(1) 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. ;

(2) The inboard and outboard isolation 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. j

(3) 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 lE 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 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' j

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 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. (Note that _;
in Table 8.3-1, diesel generator "A" corresponds with Class lE electrical 1
division "I", "B" with "II", and "C" with "III".) The wiring to the ADS j

solenoid valves within the drywell shall run in rigid conduit. ADS j
conduit for solenoid A shall be divisionally separated from solenoid B' j
conduit. Short pieces (less than .6 m [2 ft.]) of flexible conduit may be !
used in the vicinity of the valve solenoids. !

!
,

(5) Electrical equipment and raceways for systems listed in Table 8.3-1 shall
not be located in close proximity to primary steam piping (steam leakage j

zone), or be designed for short term exposure - to the high - temperature leak. j
r

(6) 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 j
Class 1E status, these devices are also qualified to the requirements of
IEEE 323 for the environment in which they are located. |

i
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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 1E and retain their divisional identification up to a
Class IE isolation device. The output circuit from this isolation device
is classified as non-divisional.

!

Annunciator and computer inputs from non-Class lE equipment or circuits do
not require isolation 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 2 )rrent interrupting devices plotted against
cu 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- '

r

3) specific identification and location of power supplies used to provide ,

external control power for tripping primary and backup electrical
penetration breakers (if utilized); i

!

4) an analysis demonstrating the thermal capability of all electrical ;

conductors within penetrations is preserved and protected by one of the 't

following:
,

a) The maximum available fault current (including single-failure. of an
upstream device) is less than the maximum continuous 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 f
designed and set 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 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 j

adversely affect the other. Furthermore, they must not be dependent .|
on the same power supply. j

i

Current-limiting devices designed to protect the penetrations shall be ,

periodically tested (see 8.3.4.4),
i

8.3.3.8 Fire Protection of Cable Systems

* ;
P

'
c:\ow62\ chb /ch8 draft.wp March 30, 1993 -60-

!



n-

The basic concept of fire protection'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 onset 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 materials 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 UC-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 i

pass the vertical tray flame test in accordance with IEEE 383. .

Power and control cables are specified to continue to 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 S-66-524/ NEMA WC-7 Appendix
D. Each power c-ble has stranded conductor and flame-resistive and
radiation-resistant covering. Conductors are specified to continue to operate !

at 100% 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 j
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 >

F

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 8.3.3.6. Floors and walls are effectively
used to provide vertical and horizontal fire-resistive separations between j

redundant cable divisions. i

In any given fire area an attempt is made to insure that there is equipment :

from only one Class 1E division. This design objective is not always. met due ;

to other over-riding design requirements; however, separation requirements of i

8.3.3.1 are complied with. In addition an analysis is made and. documented in -|
Section 9A.S.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
equipment in separate fire areas. The Class IE 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 generators 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.

8.3.4.5 (Deleted)
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8.3.4.6 DC Voltage Analysis '

Provide a DC voltage analysis showing battery terminal voltage and worst f
case de load terminal voltage at each step of the Class lE battery loading i
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 i

of the batteries (see 8.3.2.1.3.1).
.

8.3.4.7 (Deleted)

8.3.4.8 (Deleted)
i

8.3.4.9 Offsite Power Supply Arrangement |

The COL applicant operating procedures shall require 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 lE 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 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 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 lE Motors !

The COL applicant will provide the minimum required starting voltages for
Class lE 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 j

Figure 8.3-1 shows bus grounding circuit breakers, which are intended to ;

provide safety grounds during maintenance operations. Administrative controls I

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 ;

8.3.1.1.6.2). ,

8.3.4.15 Administrative Controls for Manual Interconnections )
:

As indicated.in 8.3.1.2(4)(b), the ABk'R 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 lE power supplies.

8.3.4.16 Emergency Operating Procedures for Station Blackout

COL applicants sill provide instructions in their plant Emergency Operating
Procedures for operator actions during a postulated station blackout event.
Specifically, if Division I instrumentation is functioning properly, the
redundant Divisions II, III, 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).

.

8.3.4.17 Common Industrial Standards Referenced in Purchase Specifications
f

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 lE and-
non-Class lE equipment. Such standards would include ANSI, ASTM, IEEE, NEMA,

UL, etc. (See Subsection 8.3.5).

8.3.4.18 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 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 lE Power Equipment

:

Administrative control of access to Class lE power equipment areas and/or i

distribution panels shall be provided (see Section 13.6.3). .

8.3.4.20 Periodic Testing of Voltage Protection Equipment .;

' Appropriate plant procedures shall include periodic testing of instruments, ,

timers, and other electrical equipment designed to protect the distribution
system from: 1) loss of offsite voltage, and 2) degradation of offsite voltage.
These protection features are described in Subsection 8.3.1 1.7. ]
8.3.4.21 Diesel Generator Parallel Test Mode ;
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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 IEEE 308,

8.3.4.22 Periodic Testing of Diesel Generator Protective Relaying

Appropriate 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 lE MOVs. The testing shall
be performed in accordance with the requirements of Regulatory Guide 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 lE Circuit Breakers
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Appropriate plant procedures shall include periodic calibration and
functional testing of the fault interrupt capability of all Class lE breakers,
fault interrupt coordination between the supply and load breakers for each
Class lE load and the Division I non-Class lE load, and the zone selective
interlock feature of the breaker for the non-Class lE load.

8.3.4.30 Periodic Testing of Electrical Systems & Equipment

Appropriate plant procedures shall include periodic testing of all Class lE
electrical systems and equipment in accordance with Section 7 of IEEE 308.

8.3.4.31 (Deleted)

8.3.4.32 Class 1E Battery Installation and Maintenance Requirements

The installation, maintenance, testing, and replacement of the Class lE :

station batteries shall meet the requirements of IEEE 484 and Section 5 of IEEE [
946. :

!
i

8.3.4.33 Periodic Testing of Class lE Batteries !

Appropriate plant procedures shall include periodic testing of Class lE ;

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 lE CVCF Power Supplies

Appropriate plant procedures shall include periodic testing of Class lE
constant voltage constant frequency (CVCF) power supplies to assure they have
sufficient capacity to supply power to their connected loads'(see
8.3.1.1.4.2.1).

8.3.4.35 Periodic Testing of Class lE Battery Chargers

Appropriate plant procedures shall include periodic testing of Class lE '

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 IEEE 308 (1-.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
sequenced load step. .}

:

8.3.5 References !

;

In addition to those codes and standards required by the SRP- the following f
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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IEEE Std 242 Recommended Practice for Protection and Coordination of
Industrial and Commercial Power Systems (IEEE Buff Book) ;

IEEE Std 323 Qualifying Class lE Equipment for Nuclear Power Generating '

Stations
i

!IEEE Std 334 Type Test of Continuous Duty Class 1E Motors for Nuclear
Power Generoting Stations *

IEEE Std 379 Applications of the Single-Failure Criterion to Nuclear
Power Generating Stations Class 1E Systems ;

,

IEEE Std 382 Qualification of Actuators for Power Operated Valve
IAssemblies with Safety-Related Functions for Nuclear Power

Plants.

IEEE Std 383 Type Test of Class lE Electrical Cables, Field Splices, and
Connections for Nuclear Power Generating Stations

IEEE Std 387 Standard Criteria for Diesel Generator Units Applied as
Standby Power Supplies for Nuclear Power Generating Stations

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

IEEE Std 450 Recommended Practice for Large Lead Storage Batteries for
Generating Stations and Substations

IEEE Std 484 Recommended Practice for Installation Design and
Installation of Large Lead Storage Batteries for Generating
Stations and Substations.

IEEE Std 485 Recommended Practice for Sizing Large Lead Storage B tteries
for Generating Stations and Substations

IEEE Std 519 Guide for Harmonic Control and Reactive Compensation of
Static Power Converters

IEEE Std 741 Standard Criteria for the Protection of Class lE Power
Systems and Equipment in Nuclear Power Generating Stations..

IEEE Std 946 Recommended Practice-for the Design of Safety-Related DC
Auxiliary Power Systems for Nuclear Power Generating
Stations

IPCEA S-66-40211:ermoplastic Insulated Wire & Cable for the Transmission
and Distribution of Electrical Energy

IPCEA-46-426/ Power Cable Ampacities
IEEE S-135

IPCEA-54-440/ Ampacities Cables in Open-Top Cable Trays
NEMA WC-51
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IPCEA S-66-524/. Cross-Linked-Thermosetting Polyethylene Insulated Wire
NEMA WC-7 and Cable 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 Commissioners, United State Nuclear *

Regulatory Commission, January 19, 1989.

Topical Report NEDC-31336 " General Electric Instrument Setpoint
Methodology" :

,

UL-44 UL Standard for Safety Rubber-Insulated Wires and Cables

A partial listing of other common industry standards which may be used as
cpplicable is 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 Controllers and
Assemblies

Underwriter's Laboratories Standard No. 845
|

Low Voltage Circuit Breakers

ANSI C37.13 Low Voltage Power Circuit Breakers :t

ANSI 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

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 metal-clad Switchgear

ANSI C37.01 Application Guide for Power Circuit Breakers
,

'ANSI C37.04 AC Power Circuit Breaker Rating Structure

ANSI C37.06 Preferred Ratings of Power Circuit Breakers '

ANSI C37.09 Test Procedure for Power Circuit Breakers ,
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ANSI C37.11 ' Power Circuit Breaker Control Requirements
^

ANSI C37.20 Switchgear Assemblies and Metal-Enclosed Bus
|

ANSI C37.100 Definitions for Power Switchgear (
k

ANSI C37.20 Switchgear Assemblies and Metal-Enclosed Bus j

!

ANSI C37.100 Definitions for Power Switchgear Transformers -- i

!

ANSI C57.12 Ceneral Requirements for Distribution, Power, and Regulating
Transformers ,

!

ANSI C57.12.11 Cuide for Installation of oil-immersed Transformers (10MVA f
and Larger, 69-287 kv rating) f

ANSI C57.12.80 Terminology for Power and Distribution Transformers _

i
'

ANSI C57.12.90 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. |

!

.

?
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