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''g TABLE 1.9-1 (Continued)
d Regulatory

' Guide Title'and Applicant's Position

1.57 . .PSO will meet the provisions of this guide with the following4

(Continued) clarifications:

i (1) The load combinations and stress limits for the steel
portions of the drywell, such as the drywell head and
hatch covers, will be designed in accordance with

; Article NE, Section III, of the ASME Code.

1 (2) Those portions of the guard pipes which form part of the
containment boundary are classified as Class MC and de-

'

signed by the rules of Article NE, Section III of the <

ASME Code.

(3) Tha steel containment vessel is classified as a Class MC
i component and is designed according to the provisions of 11'

Subsection NE, Section III, of the ASME Code except with
respect to the provisions of positica C.l.b. (2). In-
stead of the normal design limits specified in NE-3131(b)
for the. accident recovery flooded condition plus OBE, the
containment vessel will be designed according to the stress 11 *

intensity' limits established in PSAR Subsection 3.8.2.3.12.

1.58 Qualification Of Nuclear Power Plant Inspection. Examination, 3
'%g And Testing Personnel (Rev, 1, 10/80),

m
PSO will meet the provisions of this guide, with the excep- 4* 17
tion of regulatory position C.6. PS0 vill require written y

C#proficiency examinations f..r personnel who do not have a high
school diploma or GED equivalert. 19

1.59 Design Basis Floods For Nuclear Power Plants (Rev. 1, 4/76)
PSO has complied with the provisions of this guide. See
Section 2.4 for details.

,

1.60 Design Response Spectra For Seismic Design Of Nuclear Power
Plants (Rev. 1, 12/73)

PS0 will meet the provisions of this guide. See Subsection 2.5.2
for details.

.,

1.61 Damping Values For Seismic Design Of Nuclear Power Plants
,

| (Rev. O, 10/73)
PSO will meet the provisiont of this guide. See Section 3.7

for details.

1.62 Manual Initiation Of Protective Actions (Rev. O, 10/73)

'

(CESSAR)

1.63 Electric Penetration Assemblies in Containment Structures For
Water-Cooled Nuclear Power Plants (Rev. O, 10/73)

( See Subsection 3.8.6.2 for details.i

1.9-11 19-111381
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-

("/ 17A 1.1.13 Mar:3ner, Environmental and Chemistry Control. The Manager. 17

Environmental aM Chemistry Control is responsible to the Vice President,
Power Generation for all matters pertaining to iu-plant chemistry and cor-

porate environmental affairs. I

17A.l.l.14 Manager, Nuclear Licensing. The Manager, Nuclear Licensing is

responsible to the Vice President, Power Generation for the day-to-day 17

maintenance of licensing activities. He also serves as liaison with the NRC
for both safety and environmental licensing. He is directly responsible for
preparation and submittal of all apA ications to Federal, state, and local

19
agencies which are required for construction permits and operating licenses,
and for advising project perse:mel of current regulations.
17A.l.1.15 Manager, Quality Assurance. The Manager, Quality Assurance, is

responsible to the Vice President, Power Generation for the preparation and
management of the PSO QA Program and for surveillance and follow-up of pro-

gram implementation. This responsibility extends to all project activities
including design, procurement, construction, preoperational testing, and 10

operations.
The Manager, Quality Assurance, has been delegated the authority and

provided the organizational freedom to identify problems and to initiate,
recommend, provide solutions, and verify irplementation of solutions. He
is delegated the authority to oversee the execution and implementation of
the QA Program and to perform both internal and external aud ts as necessary
to assure a safe and reliable facility. He has written autfarity to stop
use of unacceptable or unapproved purchase documents, procedures, or instruc-

tions and to p'. event the continuation of activities performed by PS0 or <

contractors, including construction site activfties, which would tend to
degrade the quality of the structures, systems, and coponents 17

important to safety. He ic responsible to assure, through QA audits and
surveillance activities, that verification of conformance to established
quality requirements is accomplished by individuals or groups whe do not

He hashave direct responsibility for performing the work being verified.
delegated to his staff the authority to carry out the duties assigned to

/
O

17A.1-9 19-111381
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17A.l.2.2 Structures, Systems, and Components Important to

Safqty. Section 3.2 of this PSAR identifies and' classifies the structures,
systems, and components in accordance with their-importance to safety. 17

10CFR50, Appendix B applies to the PSO QA program for all items. identified
as "B" in Table 3.2-1 (GER). For all items' identified as "S", PS0 will apply 19

appropriate portions of the PSO QA program.

17A.1.2.3 Timely Initiation of the Quality Assurance Program

17A.1.2.3.1 Initial Activities. Prior to the submittal of this PSAR, PSO

initiated quality assurance activities as indicated below.

(1) Quality Assurance Training

(a) Gray Book conference, San Francisco, attended by Manager,
QA, and Assistant Vice President-Nuclear, 1973.

(b) Orange Book conference, Denver, attended by Manager, QA, 1973.
(c) Green Book conference, Denver, attended by Manager, QA, 1974.

(d) Five 2-day management meetings conducted by EEI-QA Task

V)I Force, attended by Manager, QA, 1973, 1974, 1975.

(e) One-day QA management seminar conducted for 54 PSO middle

and upper management personnel, 1974.
i (f) ASQC, 28th Annual Technical Conference, Boston, attended

by Manager, QA, 1974."

(g) L. Marvin Johnson 5-day audit technique for QA effective-

ness seminar, Wc-hington, attended by QA Engineer, 1974.
!- (2) Pre-award Survey-

(a) GE Nuclear Steam Supply System, San Jose, California, 1974.

(b) GE Nuclear Fuel Fabrication, Wilmington, North Carolina,
,

1974.

(3) Audits
(a) Shannon & Wilson, Core Boring, Field Operations and

4

Records, 1974.

(b) Meteorology Research, Inc., Records and Procedures, 1974.
4

O'

17A.1-12 19-111381
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by PSO personnel in the review and management of design, procurement, and
construction activities for BFS structures, systems, mid components important 17

to safety.

Equipment suppliers and contractors for PSO are
,

required to have written QA programs, procedures, methods, and operating
instructions to carry out and verify that specified activities and the

quality of materials and workmanship are properly achieved and controlicd.
PS0 or its representatives will include provisions within the overall

; auditing and surveillance program to assure that those organizations
performing specific quality-affecting activities have their respective

activities and procedures under control. 10
1 The testing organization which will perform the preoperational testing

at the end of the construction phase de discussed in Chapter 13 (TEST

WORKING GROUP) of this PSAR. The technical and quality responsibilities

related to the transfer of systenn, c<xaponents, and structures af ter con-
.

'
struction are included in Chapter 13,

17A.l.2.8 Management Review. The Manager, Quality-Assurance, will provide

the Vice President, Power Generation with a copy of all internal audit re-#

ports. Any disputes arising from the implementation of the QA program will
be finally resolved by the Executive Vice President. His decision will be
documented in a memoranden to the affected responsible parties who will

change, modify, or amplif,* existing procedures, instructions, and manuals to
reflect the resolution. i

The Manager, Quality Assurance is responsible for performance of audits"

of the prime contractors' QA programs. He reviews the prime contractors' QA
programs to determine that adequate provisions are established for management 19

,

review and he conducts audits to er.sure that the reetew procedures are in fact'

being implemented.
A Review and Audit Committee (RAC) will function throughout the design,

construction, and operational phases of Black Fox Station (Chapter 13). The 10

Manager, BFS Nuclear Project will serve as chairman of the committee through$

the Design and Construction phases. Members of the committee will be the 3

Executive Vice President; the Manager, Black Fox Station; the Manager, BFS } 17

Engineering; the Manager, Quality Assurance; the Manager, BFS Planning, Sched- 7
"

D uling and Cost Control; the Vice President, Power Generation; and the Vice
President, Materiel and Property Management. The Supervisor,

l'/A.1-16 19-111381
-
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{3 perform surveillance as necessary at the manufacturers' plor u md, through
the Manager, BFS Construction, will perform receipt inspect'on and surveil- 10

lance inspection during installation at the construction site. Inspection

will be performed by expetlenced QC personnel who are 19

cognizant of applicable codes and standards and specification requirements.
QA will approve the training requirements of QC personnel and through admin-
istration of their certification program will review and verify that the

training requirements have been met.

The manufacturers and installers of equipment and materials |17

important to safety will be required to have inspection programs implemented 10

by personnel qualified in accordance with the applicable codes te determine
that the specified quality requirements are met.

The Manager, BFS Construction (Appendix 17D) will be responsible to

verify that materials and equipment delivered to the construction site con-
form to the purchase requirements and that objective evidence of the quality 17

of the delivered items accompanies the item. QA will review and apprese the

results of inspection prior to its installation or use. The Manager, BFS
m Construction will also be responsible to verify that the installation

requirments are met by the site contractors. 10

The Manager, Quality Assurance, or his representatives will have access
to all manufacturing, fabrication, and construction activities and will per-
form audits as necessary to assure compliance with contractual requirements.
Inspection hold-points will be established as appropriate in procedures and
purchase specifications.

17A.l.ll Test Contr91
174.1.11.1 Equipment Tecting. The suppliers and contractors furnishing

10components will be required to have test prograns to control the quality
of the equipment they supply. These test programs will include mechanical
tests, performance tests, and othar functional tests to be accomplished on
subcomponents or to be performed after manufacture of the component as
appropriate. PSO will review test programs to assure that the contractors
and suppliers have provisions for the appropriate testing of specified
equipment. PSO audit programs will include provisions to assure that the
contractors and suppliers accomplish the appropriate and specified tests in

3
(Q accordance with contract requirements.

17A.l.ll.2 Construction Testing. Completed systems or subsystems within

the plant that require construction testing (i.e., hydrostatic testing,

17A.1-27 39-111381
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,m (3) Performing reviews of design and procurement documents for quality
(V)

aspects. 5

(4) Processing Nonconforming Item Reports and Corrective Action Re- g
quests that are project related. ]

.AAdministrative 1y, the Project Quality Cont-ol Engineer (s) are responsible g
to the Division QA Manager and, thus, may obtain resources of ,the Division
QA Group in the execution of their responsibilities.

17B.1.2 _Q"ality Assurance Program

17B.1.2.1 Conformance of Quality Assurance Program to Regulatory Requirements.

The quality Assurance Program - Nuclear conforms to the applicable provisions
of the following.

(1) Regulatory Guide 1.28-June 1972 (ANSI N45.2 - 1971).

(2) Regulatory Guide 1.64-June 1976 (ANSI N45.2.11 - 1974).
(3) Regulatory Guide 1.74-February 1974'(ANSI N45.2.10 - 1973). 11

(4) Regulatory Guide 1.88-December 1975 (ANSI N45.2.9 - 1974).
(5) Regulatory Guide 1.123-July 1977 (ANSI N45.2.13-1976).
(6) ANSI N45.2.12 (Draft 3, Revision 4) - February 1974. 1

('N (7) Regulatory Guide 1.146-Auger,t 1980 (ANSI N45.2.23 - 1978). 19
' The Project Manager is responsible to see that regulatory guides and industry

standards are properly translated into appropriate policies, procedures,
and other documents neccssary to accomplish quality-affecting activities of
the Black & Veatch Power Division for a specific project in a controlled

manner.

The details of the Quality Assurance Program-Nuclear and program appli-

cation to be implemented on the BFS project and the means for implementing
procedural details are contained in the Quality Assurance Program-Nuclear
: standard Procedures. The Quality Assurance Program-Nuclear

(
V 17B.1-7a 19-111381
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j-' (1) Regulatory Guide 1.123, July 1977 (ANSI N45.2.13-1976)
I 11
\m / (m) ANSI N45.2.12 (Draft 3, Rev. 4) February 1974

(n) Regulatory Guide 1.146, August 1980 (ANSI X45.2.23-1978). 19

(3) Defined accept-reject criteria when not a part of the referenced

industry codes and standards.

(4) Requirements for supplier document submittals such as instructions,
procedures, drawings, specifications, inspection and test results,
and other supplier documentary evidence of quality.

(5) Requirements for submittal or retention, control, and maintenance

of quality assurance records.

(6) Statements as to rights of access to the suppliers' facilities

and working documents for inspection and audit.

v

1

|

4

&

)
s_/ 17B.1-13a 19-111381'
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BFS

fm manpower requirements for area, system and construction facilities to

provide a smooth transition from area control to system contro.1 at the

appropriate time.

It is recognized that early in the construction cycle, area control

will be dominant as foundations, slabs, buildings and basic components are

installed. As components become part of an integrated system and made

ready for functional checking and testing, control of the construction

effort will shif t from area control to system control. 19

17

17D.l.l.3 ' Chief Area Engineer, Chief Systems Engineer, Chief Facilitien

Engineer. The Chief Area Engineer and the Chief Systems Engincer will

assign responsible field engineers to provide the detailed interfacing J

necessary for the contractors involved and to coordinate the schedule;

engineering changes; equipment changes; materfal expediting; items found g
in nonconformance, contract changes as advised by the Supervisor EFS Materiel;

recomendations received from contractors; and other information pertinent

[ to the conduct of the job.

A:; directed by the Superintendent, Construction, the Chief Facilities

Engineer will provide the necessary interface with the contractors for

required facilities and will provide the assistance that may be required

by the contractor.

17D.l.l.4 Supervisor, BFS Materiel. The Supervisor, BFS Materiel reports

to the Manager, BFS Materiel and Administration. He supervises the contract
administrators and provides interpretation of the various procurement docu- 17

ments to the Superintendents and Supervisors directly involved in tre con-

struction efforts with various contractors. The Supervisor, BFS Materiel,

through the contract administrators, shall review the progressive activities
of each contractor to assure the contractor is performing the required work

activity in accordance with contractual requirements. In addition, the
Supervisor, BFS McLariel will assure the contractor is furnishing appropriate
reports and backup data with accompanying invoices and estimates of completion.
The Supervisor, BFS Materiel shall be responsible for additions to and dele-

,

!

l tions from contracts, as well as provide guidance to all parties involved

( ) regarding the applications of pricing for the additions or deletions. If a

. %d

|
question arises concerning the quality of

l 17D.1-7 19-111231
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Development and implementation of contractor training programs 19

( ) will be the responsibility of each respective contractor. Each contractor
v

shall furnish the necessary documentation to verify craftsmen skill level

for special processes and their latest qualifications.

17D.l.2.4 Review and Evaluation of the Quality Control Program.

The

Quality Assurance Organization shall audit FPM and contractor quality 17

control programs to assure that field activities affecting the quality of

items important to safety are accomplished under controlled

conditions. The results of PSO quality assurance audits will be properly

documented, and performed with sufficient frequency and depth to assure

adequacy of the scope, implementation, and effectiveness of quality control

programs.

17D.l.3 Design Lontrol

Project design is the responsibilitiy of the Engineer, the NSSS vendor

and other manufacturers of equipment subject to review and approval by PSO.
m

Modifications will be controlled and documented by appropriate requests, 4

/ H

() notifications, and disposition approval which will be processed and re- O
cr

viewed by the Engineer. The FPM organization and the Engineer's site
organization will evaluate design changes and insure that they are reviewed

and approved by the same or equally qual!fied organization which originally

processed the design.
The Manager, BFS Construction through his staff will monitor contract

activities to assure that items have been installed in accordance with

approved design documents and code requirements. The auditing of design

contro.' activities at the site will be the responsibility of

Quality Assurance.

The Supervisor, Document Control under the Manager, BFS Materiel

and Administration, will control and issue drawings and reproducibles and

other information to all parties for use in construction to assure that the

latest revisions of documents are available for use. Each contractor shall

be required to submit bis drawing control procedere to the FPM for approval.
1

Each contractor shall reproduce, issue and control all drawings for his area

of responsibility. The Super-

intendent, Quality Control will be responsible for the coordination of the

evaluation and resolution of

17D.1-11 19-111381
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nonconfomances at the construction site and verifying corrective action is

v taken as required. The Chief Area Engineer will be responsible for imple-
l9menting changes in the field. 17

17D.1.4 Procurement Document Control

Construction specifications and equipment procurement documents will
generally be prepared and controlled by the Engineer as described in Sub-

sect ion 17B.1.4.

The Manager, BFS Materiel and Administration will be responsible to

place into effect and to enforce procedures for preparation, review and

approval of field procurement change orders and any field originated procure-

ments. Field originated procurement documents will be prepared by the Super- 17

visur, BI' Materiel and approved by the Manager, BFS Construction.

Field originated change orders and procurement documents shall

be reviewed by the Quality Assurance Organization to ensure applicable

provisions for inspectability and controllability, adequate acceptance-

[3 rejection criteria, and proper review and approval of these documents.

'.]\

Originals or copies of all procurement and change order documents for 3

items important to safety will be transmitted to the document q
control organization to be maintained as quality assurance records. d

bRevisions of field originated procurement requisition documents will go

through the same review and approval processes as the original documents.

17D.l.5 Instructions, Procedures, and Drawings

All FPM and construction contract activities which affect quality of

items important to safety will be perfomed in accordance with 17

documented procedures. By delegation from the Manager, BFS Nuclear Project,

the Manager, BFS Construction will approve all FPPM procedures, including
revisions. The procedures will provide 3

that quality affecting activities conform to applicable codes and standards 0
and will include appropriate quantitative or qualitative criteria for deter- d

$mining that the work has been accomplished satisfactorily, is acceptable
and has been properly documented. It is the responsibility of the

Quality Assurance Organization to perform a documented review of site

(n) procedures and changes to insure conformance with quality requirements and to & 17
v

'

17D.1-12 19-111381
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(3) Inspection records.or certificates of conformance to be
3

supplied by each vendor are reviewed by the Quality Assur-
17

ance organization prior to installation or use of equip-

ment. &
(4) Items accepted and released for installation or use are

identified by proper inspection status tags or records 19

traceable to the item.

,

1

O 17D.1-14a 19-111381
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_
Record files will be maintained by the contractors describing the

processes performed, the procedures followed, qualification of personnel

and procedures used in performing the process. Copies of such records

will be submitted to the PS0 QA organization for review to verify satisfactory 17

accomplishment of the process.

17D.l.10 Inspection

Receipt inspections to verify that items important to 5 17

safety purchased directly by PS0 comply with purchase specifications shall h
a

be performed by y
the Superintendent, Quality Control in accordance with approved procedures. $
Construction contractors will be required to establish a quality control e

inspection program which will assure that activities within each contractor's d
.e

scope of work conform to specification requirements and documented instruc- cr

tions, procedures, and drawings. Contractors' inspectors will be required
to be appropriately trained, qualified and independent of the craftsmen

performing the activities being inspected.

Inspecriens will be performed in-process as necessary to verify the 19

m required quality, and will be performed according to documented instruc-

tions, procedures, and checklists which contain the following:

(1) Identification of characteristics to be inspected.

(2) Indentification of the individuals or groups responsible for

performing the work as well as for performing the inspection

operation.

(3) Acceptance and rejection criteria.

(4) A description of the method of inspection.

(5) Verification of completion and certification of in-process and

final inspections.

(6) A record of the results of the inspection operation.

QA will review inspection procedures to verify they contain, as appropriate, g
the criteris above. Area engineers will assist contractors in obtaining

technical informatic and in interpretation and application of codes, stand-

ards, drawings and specifications as a means of assuring proper application
by the contractors,

(mD) 17D.1-16 19-111381
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Quality Control. The Superintendent Quality Control shall review the NR

Os for possible stop work action and for issuance to affected parties for

action.

Project personnel will coordinate and expedite resolution of each NR with 3
4

the affected parties except those dispositioned " scrap, return to vendor" O( 17

(contractor furnished material) . BFS Engineering and d,

EQuality Assurance shall approve the resolution of all quality-

related nonconformances at the site.
All NR's will be maintained as QA records. 19

1

OG
i

i

I
|
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The Superintendent, Quality Control will be responsible to verify that
O8 equipment and component nonconformances which are reworked or repaired are

reinspected to tie original quality standards and that .results are properly
evaluated and documented. Copies of completed NR's will be transmitted

to the affected vendors and contractors and NR records will be forwarded 17

,
to management and periodically analyzed by QA for quality trends.

'
17D.1.16 Corrective Action

The Manager, BFS Construction will be responsible for promptly en-
forcing necessary corrective actions by vendors and site contractors.

4

17

| The Manager, Quality
Assurance will be responsible for insuring that corrective'

action is initiated in a timely manner, for verifying the adequacy of 3

corrective action taken, for insuring that the corrective action taken Q
precludes recurrence of conditions adverse to quality, and for assuring d

-:rthat each corrective action documentation sequence is properly closed out cr

and signed off.

The Manager, BFS Construction will be responsible for reporting con-
struction conditions or practices which may adversely affect quality, and-
for recommending corrective actions to the Superintendent, Quality Control.
The Superintendent, Quality Control will initiate corrective action requests
and forward them to the Quality Assurance Organization for issuance

to the affected contractor.

17

A nonconforming item, design deficiency or any other condition which
is considered a significant deficiency as defined by 10 CFR 50.55 (e) will

be reported for evaluation by the Manager, BFS Nuclear Project, Manager, 17

Licensing and the Manager, Quality Assurance. If the deficiency is judged

as significant, it will be reported to the Nuclear Regulatory Commission
as stated in Subsection 17A.1.16.
17D.1.17 Quality Assurance Records

17D.1.17.1 Extent of Quality Assurance Records. The quality assurance 17

records system developed by QA will be defined, 19

17D.1-21 19-111381
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f -- implemented and enforced in accordance with written precedures and instruc -~

k,,y) tions. QA will receive, identify and review all documentation of field

activities affecting quality. The control of the QA(record system, 19
'

including site generated records and records received,at the site which are

within the scope of ANSI N45.2.9, is the specific responsibility of the 17>

Manager Quality Assurance.
,

1 *l'

17D.1.17.2 Identification and Retrievability of Records. Each document
,

will be required to have a unique identification number and will be further

indexed and coded in accordance with appropriate contract and/or subject
category identifications in order to facilitate retrievability. QA records

will also be identifiable and traceable through the identification system to
the devices Jr plant systems with which the documents are associated.

17D.1.17.3 Maintenance of Records. To prevent the possibility of loss or

destruction, QA records - will be maintained in a

secure file with access controlled by the Supervisor, Document 17

("'N Control and his assistants.
)t

', 17D.l.17.4 Content of Inspection and Test Records. The content of inspec-
tion and test records prepared at the construction site is dLscribed in

Subsections 17D.l.10 and 17D.1.11.

17D.l.18 Audits -

Construction contractors will be required to perform internal audits

to verify conformance to their respective quality programs. The PSO Manager,
i '

Quality Assurance or his representatives will periodically audit celected

site activities carried out by the FPM and site contractors in accordance
1

with the provisions of Subsection 17A.l.18.
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ADDENDUM II

Additional TMI-Related Re.quirements

Addendum II to the Black Fox Station (BFS) Preliminary Safety Analysis
Report (PSAR) identifies the Applicant's commitments regarding the design,
construction, and operation of the BFS in response to the accident at
Three Mile Island, Unit 2.

In accordance with the NRC Staff guidance contained in the July 14, 1981
generic letter (Generic Letter No. 81-26) to all pending constructior
permit and manufacturing license applicants, Addendum II consiste of
responses to the requiren'nts embodied in a new paragraph (e) to
10 CFR 50.34, entitled " Additional TMI-Related Requirements." {gg

Commitments contained in Addendum II supersede any conflicting statements
elsewhere in the PSAR where such conflicting statements were made earlier
than the date of the current revision of Addendum II.

()I
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10 CFR 50.34(e)(1)(1) DEGRADED CORE - RELIABILITY ANALYSIS PROGRAM

NRC POSITION:

(1) To satisfy the following requirement, the applicant shell
provide sufficient information to describe the nature of the
studies, how they are to be conducted, estimated submittal dates
and a program to ensure that the results of such studies are
factored into the final design of the facility. (NUREG-0718,
Category 3)

(1) Perform a plant / site-specific probabilistic risk
assessment, the aim of which is to seek such improvements in
the reliability of core and containment heat removal systems
as are significant and practical and do not impact
excessively on the plant. (NUREG-0718, II.B.8(1))

PSO RESPONSE:

Introduction

Reviews of the TMI accident have made the NRC and industry increasingly |19
aware of the need for an improved systems-oriented approach to safety
review. In order to provide this review, methods are applied to

("} identify sequences of events that have a high likelihood of
k- occurrence. The methodology, similar to that used in WASH-1400,

provides insight into the relative safety significance of reactor
systems and design features and allows assessment of the merits of
prospective changes to these systems.

Black Fox Station (BFS) is a BWR/6 Mark III design which has
benefitted fram both experience and the application of proven
engineering principles to provide a safe and reliable operating
station.

To further verify the BFS design, PSO will perform a plant / site
specific Reliability Analysis Program with objectives to seek
improvements in the reliability of core and containment heat removal
systems as are significant and practical and to not impact excessively
on the station.

PS0 Involvement

A consultant or engineering organization who is highly qualified and
experienced in risk assessment methodology will be selected by PSO to
conduct the BFS Reliability Analysis Program.

PSO will provide management of the interfaces between PSO, Black &
Veatch, the NSSS vendor, and the consultant organization to assure
timely and effective development of the program.

PSO is currently developing in-house capability to implement and
maintain its program through participation of an engineer in the Oconee

1 19-111381
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PS0 RESPONSE: 10 CFR 50.34(e)(1)(1) g
Probabilistic Risk Assessment being sponsored by the Nuclear Safety
Analysis Center. This capability will be further developed aa ?SO
personnel participate directly with the consultants in conducting the
BFS Reliability Analysis Program.

BFS 2eliability Analysis Program Plan

The methodology to be used will be similar to that employed in
WASH-1400 updated to be consistent with the IEEE/ANS, and the Interim 19

Reliability Evaluation Program efforts to establish a standard
methodology.

The initiating events to be considered will include those indir.nced in 19
Table (1)(1)-1 together with the accidents and transienu Wucified in
vr4 PSAR Chapter 15 and those applicable accidents in WASi-1400. These
events will be screened to identify the basic set of initiating events
requiring operation of the key safety systems for core protection and
release mitigation. The Reliability Analysis Program will focus on
core and containment cooling systems in performing event tree / fault
tree analysis, and will include environmental effects, system

9
,

interactions, human error and performance data, interdependence of
support systems and system unavailabilities in the event tree / fault
tree analysis.

OThe Reliability Analysis Program will identify common-mode failure
mechanisms aal sequences and system /cocponent failures which are the
dominant ccntributors to core damage. A component failure data base for
use in system fault tree analysis will be developed from recognized
reference sources including WASH-1400 and IEEE-500. In addition,
prototype specific failure data will be requested from vendors of
selected components being supplied to PSO. The data base used in the
system fault trees will in.lude methodologies to adjust failure data
for varying testing and surveillance strategies. Hucian error will be
considered in the development of the data base,

An uncertainty analysis will be performed to determine propagation of
component failure data, including error ranges, through the fault
trees.

Sensitivity analyses will be performed by varying the failure rates of
key basic events which contribute to dominant event sequences in order
to determine the effect on system failure rates and over-all results.

An additional decay heat removal system with its functional

requirements and criteria derived from the study will also be
considered.

The final report will appear in the format shown in Table ( t ) (1)-2. 19

O

2 19-111381,



(h%)
PSO RESPONSE: 10 CFR 50.34(e)(1)(1)

Review and Recommendation

19
Prior to decisions relating to identified design or other
improvements, PS0 will appoint a third party to conduct a peer review
of the reliability study.

PSO will evaluate the results of the study, including the peer review,
and determine the need for implementing any improvements.

Application of Results to Final Design

Acceptance criteria for the reliability analyses will be established
during the initial phase of the program. These acceptance criteria
will include both quantitative and qualitative considerations of
potential design changes on plant safety, cost, schedule, and
availability.

The results of the reliability analyses will be evaluated using the
acceptance criteria to determine design or other changes. The results
of the study will be used to improve reliability of component
selection, specifications, and testing and to improve system

'(} interaction. Furthermore, the results of the study will be used to
identify improvements to be considered for maintenance, procedures,
operator training, operating feedback and to identify those areas where
additional quality assurance would improve reliability of core and
containment cooling systems.

Schedule

The program will commence after issuance of construction permit. The
initial phase of the program is expected to take approximately 15
months and will consist of a reliability analysis of the present BFS
design. The final study, including radionuclide release'

quantification, will be completed within two years of CP issuance.

BFS Engineering Design Status

' Over one-half of BFS engineering design has been completed and most of
the nuclear steam supply system / emergency core cooling system
components have already been fabricated and delivered into storage.

However, the results of the study will be used on a case by case basis
to determine whether major redesign, repurchase, or refabrication is 19
warranted, taking into account the significance, practicality, and
impact on the Station.

Acceptance Criteria

There ar currently no established regulatory requirements or
acceptance criteria for judging the acceptability of the reliability

|

|
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PSO RESPONSE: 10 CFR 50.34(e)(1)(i) ggg

analysis. Thus, the need for implementing changes in design operatiug,
testing, or maintenance procedures to achieve improvements will be
based on judgemental acceptance criteria which are not directly related
to licensing requirements.

Radioactive Release

The total radioactive release to the environment will be estimated for
the various relaase categories and will serve as a basis for assessing
the effect of improvements to the reliability of the core and
containment cooling systems.

a.

O

O
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| TABLE (1)(1)-1
INITIATING EVENTS FOR RELIABILITY ANALYSIS PROGRAM

,

1. LOCA

2. Transients ;
!

3. Steam /Feedwater line breaks

4. Failures during cold shutdown operation-

5. Fira
;

6. Earthquakes * 19
,

'
j 7. Explosions and missiles, internal and external *

8. Floods *

9. Tornadoes, hurricanes *

10, Station blackout, loss of AC/DC

!
.

* rhe best available methodology will be utilized where applicable 'and
j eill be consistent with IEEE/ANS efforts where appropriate. ;
i

a

!,
,

f

i

!

:

!
i

! :
t- ,

i
i

I
i

i

f

!
r

i
.

)

,

i 5 19-111381 f



..

f-
(_)/

19TABLE (1)(1)-2
OUTLINE OF RELIABILITY ANALYSIS REPORT

<

I. INTRODUCTION

II. SUMMARY

III. METHODOLOGY OVERVIEW

A. Event Trees
1 3. Fault Trees

C. Quantification of Accident Sequences
D. Containment Failure Analyses
E. Fission Product Release Analyses
F. Treatment of Uncertainties

IV. SYSTEM DESCRIPTIONS

A. Performance Requirements
B. Actuation

; C. Environment Considerations
D. Dependence Diagrams for Support Systems - 19

Power,~ Cooling, Lubrication

O
V. CORE MELT PR0 ABILITIES

A. Dominant Sequences
B. Dominant Cut-Sets

i VI. PLANT MODIFICATIONS THAT ADDRESS DOMINANT SEQUENCES

A. Improvement in Reliability Expected
B. How Factored into Design, Equipment Purchase, Fabrication,

Procedures, Operation, etc.
C, Basis for Not Implementing More Reliable Alternatives 19

VII. FISSION PRODUCT RELEASE ANALYSIS
,

A. Release Groups
B. Containment Failure Probabilities
C. Fission Product Release Fractions5

D. Total Radioactive Release from Containment to Environment
for the Various Release Groups.

VIII. APPENDICES (DETAILS OF STUDY),

J

.

|
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10 CFR 50.34(e)(1)(11) AUXILIARY FEEDWATER SYSTEM EVALUATION

NRC POSITION:

(1) To satisfy the following requirement, the application shall
provide sufficient information to describe the nature of the

studies, how they are to be conducted, estimated submittal dates,
and a program to ensure that the results of such studies are

factored into the final design of the facilfty. All studies
shall be completed no later than two years following issuance of
the construction permit or manafacturing license. (NUREG-0718,
Category 3)

(ii) Perform an evaluation of the proposed auxiliary feedwater
system (AFWS), to include (applicable to PWR's only):
(NUREG-0718, II.E.E.1)'

(A) A simplf fied AWS reliability analysis using
event-tree and fault-tree logic techniques.

(B) A design review of AFWS. '

(C) An evaluation of AFWS flow design bases and criteria.

O eso tseonse:

This requirement is applicable to Construction Permit applications for-
Pressurized Water Reactors only and hence does not apply to Black Fox
Station.

h(V
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10 CFR 50.34(e)(1)(iii) IMPACT OF REACTOR COOLANT PUMP SEAL DAMAGE
FOLLOWI G SMALL-BREAK LOCA WITH LOSS OFJ
QFFSiTFf0WER

NRC POSITION:

(1) To satisfy the following requirements, the applicant shall
provide sufficient information to describe the nature of the
studies, how they are to be conducted, estimated submittal dates,
and a program to ensure that the results of such studies are
factored into the final design. (NUREG-0718, Category 3)

(iii) Perform an evaluation of the potential for an impact of
reactor coolant pump seal damage following a small-break
LOCA with loss of offsita power. If damage cannot be
precluded, provide an analysis of the limiting small-break
Loss of Coolant Accident with subsequent reactor coolant
pump seal damage. (NUREG-0718, II.K.2.16 and II.K.3.25)

PSO RESPONSE:

Introduction

The accident on March 28, 1979 at Three Mile Island, Unit 2 (TMI-2)'

Q involved a main feedwater transient coupled with a stuck-opan relief
valve and a temporary failure of the auxiliary feedwater system. The
Bulletins and Orders Task Force (B&OTF) was established following the

3

TMI-2 accident anc made responsible for reviewing loss of feedwater
transients and Loss of Coolant Accidents (LOCA) for all operating .
plants. A generic review of the General Electric designed Boiling
Water Reactor -(BWR) operating plants was conducted by the B&OTF. The
B&OTF evaluated an accident scenario similar to the TMI-2 event; i.e.,

a loss of feedwater transient with a small break LOCA and a loss of
high pressure emergency core cooling systems. As part of their review,
the NRC Staff evaluated leakage paths for reactor coolant following a
small break LOCA. The requirement to evaluate the performance of the
reactor recirculation pump seals under accident conditions was one
result of the Staff's evaluation.

Study
i

The BWR Owners' Group performed an evaluation of the effect of loss of
alternating current power following a LOCA on pump seals. The study
was completed and it has been submitted to the NRC Staff for'

evaluation. PSO will follow the course of resolution of this generic
issue, and will provide a plant specific evaluation of this issue
within two years after issuance of the construction permit for BFS and
after Staff review adopt the final resolution of the issue in the final
design for BFS.

f
;

|
|
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PS0 RESPON3E: 10 CFR 50.34(e)(1)(iii) g
Equipment Description

The BWR recirculation pump design incorporates a dual mechanical shaft
seal assembly to control leakage around the rotating shaf t of the
recirculation pump. Each assembly consists of two seals built into a
cartridge that can be replaced without removing the motor from the
pump. Each individual seal in the cartridge is designed for full pump
design pressure and can adequately limit leakage in the event that the
other seal should fail.

During normal operation, the recirculation pump seals require forced
cooling due to the temperature of the primary reactor water and due to
the friction heat generated in the sealing surfaces. For Black Fox
Station, two systems accomplish this forced cooling: the Closed
Cooling Water (CCW) system and the seal purge system. Cooling water,
provided by the CCW system, flows through a heat exchanger around the
seal asseably. This CCW flow cools primary reactor water which flows
to the lower seal cavity, thereby maintaining the seals at the correct
operating temperature.

The seal purge system injects clean, coc,1 water from the control rod
drive system into the lower seal cavity. This seal purge flow also
provides efficient cooling for the seals.

Nature of Study

Under normal conditions, with the primary reactor system at or near
rated temperature and pressure and the recirculation pumps either
operating or secured, both CCW and seal purge are operating. These two
systems maintain the seal temperatures at approximately 120* F. Test
data indicate that if either one of the seal cooling systems is
operating, the seal temperatures remain well below 250' F and no seal
deterioration should occur.

Under the abr.ormal condition of a small break LOCA followed by a loss
of of fsite power, both cooling systems to the pump seals will be lost.
Test data, taken while operating at approximately 530* F/1040 psia,
indicate that the seals will heat up, reaching 250' F approximately
seven minuces after a total loss of cooling. This will occur whether
or not the pump is operating. Test data also indicate seal
temperatures exceeding 250" F may deteriorate the seal condition,
resulting in primary coolant leakage into the drywell.

An analysis of fluid loss through a degraded seal modeled the fluid
leakage path as a series of fluid volumes with interconnecting
junctions, each having appropriate initial conditions. The model
assumed gross degradation of the mechanical seals. Cross failure of
these seals encompasses warpage, fractures and grooving of the seal
faces due to excessive thermal gradients and dirt. g

9 19-111381
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The results of this seal leakage analysis show that even with gross
degradation of the seals, the leakage would be less than 70 gallons per
minute. This leakage rate is within the compensating capacity of

normal or emergency reactor vessel water level control systegs. A
leakage of 70 gpm is equivalent to a liquid leak of 0.001 f t flow
cross-sectional area.

In the unlikely event of a seal failyre on both recirculation pumps,
the equivalent leak area of 0.002 f t' is insignificant compared to

2
the postulated break area, 0.1 f t , of a small-break LOCA and does
not influence the results of the LOCA analyses. It is emphasized that
the seal leakage analysis is extremely censervative and a leakage rate
of 70 gpa is not expected upon seal failure.

Conclusion of Study

Two systems provide cooling to the recirculation pur:p seals. If either

,
one of these systems is operating, recirculation pump operation may
continue with no harm to the seals. If both seal cooling systems are
inoperable, the pump seals will overheat approximately seven minutes
after the total loss of cooling, and seal deterioration may begin. 3e

) extent of seal deterioration is dependent on the seal's operating
''

history, the amount of time without cooling, and the peak seal
temperature.

Based on fluid loss analysis of extremely degraded seals, the leakage
is less than 70 gallons per minute per pump. This amount of leakage is
within the capacity of normal or emergency vessel water level control
systems and does not infleence the results of LOCA analyses,

r~
k>)
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10 CFR 50.34(e)(1)(iv) REPORT ON OVERALL SAFETY EFFECT OF PORV

ISOLATION SYSTEM

NRC POSITION:

(1) To satisfy the following requirement, the application shall
provide sufficient information to describe the nature of the
studies, how thef are to be conducted, estimated submittal dates,
and a program to ensure that the results of such studies are
factored into the final design of the facility. All studies
shall be completed no later than two years following issuance of
the construction permit or manufacturing license. (NUREG-0718,
Category 3)

(iv) . Perform an analysis of the probability of a small-break
loss-of-coolant accident (LOCA) caused by a stuck-open
power-operated relief valve (PORV). If this probability is
a sir;ificant contributor to the probability of small-break
LOCA's from all caases, provide a dessription and
evaluation of the effect on small break LOCA probability of
an automatic'PORV isolation system that would operate when
the reactor coolant system pressure falls after the PORV
has opened. (Applicable to PWR's only). (NUREG-0718,
II.K.3.2)

O
\/ PSO RESPONSE:

This requirement is applicable to Construction Permit applications for
Pressurized Water Reactors only and hence does not apply to Black Fox
Station.

4

O
,
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10 CFR 50.34(e)(1)(v) SEPARATION Gr HPCI AND RCIC SYSTEM INITIATION

LEVELS - ANALYSIS AND IMPLLMENTATION

NRC POSITION:
1

(1) To satisfy the following requirement, the applicant shall prova.de
f

sufficient information to describe the nature of the studies, how
they are to be conducted, estimated submittal dates, and a program

i to ensure that the results of such studies are factored into the
final design of the facility. (NUREG-0718, Category 3)

(v) Perform an evaluation of the safety effectiveness of
j providing for separation of High Pressure Core Spray (HPCS)
j and Reactor Core Isolation Cooling (RCIC) system initiation

levels so that the RCIC system initiates at a higher water
level than the HPCS system, and of providing that both

; systems . restart un low wcter level. (NUREG-0718, II.K.3.13)

PSO RESPONSE:

Introduction

i The NRC Staff has expressed an interest in reducing the number of
thermal cycles on the reactor vessel and:its internals from the

-O injection of cold water during transients caused by the loss of
' feedwater. This interest arose out of the Staff's evaluation of the t

'
j TMI-2 accident in NUREG-0626, " Generic Evaluation of Feedwater

| Transients and Small EIeak Loss of Coolant Accidents in GE Designed
: Operating Plants and Near Term Operating License Applications."
: Specifically, Item A.1 of NUREG-0626 states that operating licenses and

applicants should perform analyses to evaluate' changes to the Reactor
Core Isolation Cooling System (RCIC) and the High Pressure Coolant '

,

j Injection System (11PCI) that would reduce the number of challenges to
;- HPCI initiation and result in less stress on the vessel. The first
'

change to be evaluated involves separating the RCIC and HPCI setpoints
such that the RCIC system would initiate at a higher water level than
HPCI. The second change to be evaluated involves modification of RCIC
initiation logic such that the system will restart automatically on
recurrence of low water level. Currently, RCIC and HPCS initiate at3

the same reactor low water level and RCIC logic reset for automatict

j restart is a manual operation. The NRC Staff has required that these
; same studies be performed by near term construction permit applicants.
i

A discussion of automatic restart for the HPCS system is given in the
response to Requirement (1) (viii) .

Studies

Two separate studies were sponsored by the BWR Owners' Group (BWROG),:

; of which PSO is a member, to evaluate the two NRC recommendations. The() first report, transmitted to the NRC on October 1,1980 under the
subject title "NUREG-0660 Requirement II.K.3.13" concludes that neither,

raising the RCIC setpoint or lowering the HPCI or High Pressure Core

i

i
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Spray (HPCS) system (for designs using thie system instead of HPCI)
setpoint would result in substantially reducing thermal fatigue levels
on the vessel and internals. This action would, instead, have
undesirable consequences such as increasing the number of cold water
injections from unnecessary RCIC initiation (raising RCIC initiation
level) or decreasing the margin for adequate core cooling (lowering
HPCI/HFCS initiation level) . The report evaluates the thermal cycles
due to RCIC and HPCI/HPCS actuation. The most severe thermal cycle due
to RCIC and HPCI/HPCS iaitiation at the current level 2 water level
setpoint is assessed and compared to the thermal cycle analysis for the
limiting reactor components. Operating plant data is used *o determine
the frequency of HPCI/HPCS and RCIC initiation. Finally, the potential
for reducing the number of thermal cycles by separating the two
initiation setpoints is evaluated.

The second study was submitted to the NRC on December 29, 1980 by the
BWROG under the subject title "BWR Owners' Group Evaluation of
NUREG-0737 Requirements." This study concludes that changing the RCIC

"
initiation logic for automatic restart would be beneficial to overall
plant safety through increasin6 RCIC system availability.

System Descriptivas

The High Pressure Core Spray System (HPCS) and Reactor Core Isolation ||h
Cooling Systems (RCIC) are high pressure reactor auxiliary cooling
systems which deliver water to the vessel to restore aad maintain
coolant inventory during abnormal and small break Loss of Ccolant
Accident conditions. Both pumps take suction from either the
condensate storage tanks or the suppression pool and discharge into the
vessel at pressures high enough to preclude the need for vessel
depressurization. The HPCS system is qualified as part of the
Emergency Core Cooling Syrtem (ECCS) and is initiated on high drywell
pressure and/or low reactor water level (Level 2) signals from the
Nuclear System Protection Sys*em. The RCIC system functions in
addition to the ECCS and is initiated on low reactor water level
signal.

BWROG Evaluation of Separating HPCI/HPCS and RCIC Initiation Setpoints

1. Separation of Setpoints

The BWROG study is generic in nature and applies to BFS. The
analysis conducted is for typical BWR-3 and BWR-4 designs which
have HPCI systems. The HPCI system consists of a steam turbine
driven pump which injected water through the feedwater piping into
the reactor vessel. BFS has a HPCS system which consists of an
electric motor driven pump which discharges water through its own
sparger onto the core. The BFS HPCS design therefore creates a
less limiting condition in comparison to the HPCI design with g
respect to thermal fatigue.

13 19-111381
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The portions of the reacter vessel and its ir.tarnals which may be
affected by operation of HPCI and :(CIC are the reactor vessel
shell, core chroud and feedwater nozales and spargers. Thermal
fatigue analyses show that the limiting reactor component is the
feedwater nozzle. Upon loss of feedwater, the temperature of the
feedwater sparger and nozzle approaches the normal reactor
operating temperature. Iaitiation of HPCI and RCIC at low water
level cools the sparger and nozzle. The most severe thermal cycle
results in a temperature change from 550*F (reactor operating
temperature) to 50*F (HPCI/RCIC injection water terperaturt). This
temperature change is included in the loads assumed in fatigue
analyses based on normal operation, which itself includes many cold
water injections, as well as expected transients and other
postulated events. The duty imposed on the feedwater notcle from
all causes is summed to obtain a fatigue usage of 0.95, which is
less than the limit of 1.0. The design basis includes 70 thermal
cycles of the type described. The calculated fatigue usage of
these cycles is about 17% of the total fatigue usage. It should be
noted that there is no significant thermal effect on the reactor
vessel shell due to the operation of HPCI and RCIC.

/"} The feedwater nozzle fatigue usage will be even less than 0.95 for
\- BFS because HPCS does not inject through the feedwater nozzle.

Therefore, the study results are conservative for BFS.

2. Evaluation of the Potential for Reducing Thermal Cycles by
Separation of HPCS ar-d RCIC Setpoints

There are two classes of transients which can cause RCIC and HPCS
initiation:

a. Af ter feedwater is tripped on high reactor water level, the
inventory is lost slowly due to decay heat steam generation.

b. Following a sudden loss of feedwater, inventory loss is rapid,
occurring approximately twenty (20) secondi after event
initiation.

The majority of transients which require HPCS and RCIC initiation
can be grouped into category 1. In this case, the level decrease
is slow because of the low power condition at the time the
feedwater is tripped. A small amount of makeup water is needed and
if feedwater cannot be restored, sufficient time is usually
available such that RCIC would be started manually as the water
level slowly decreases below the normal operating range. Since
such manual action has been demonstrated to be successful for
avoidance of HPCS actuation, it is considered sufficient and more() desirable than an increase of the RCIC setpoint close to the normal
operating water level. If neither feedwater or RCIC is manually
started, both HPCS and RCIC would automatically be initiated at the
low level setpoint.

_
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Ihe second class of transicut to be considered is the loss of
feedwater event. Sudden Icss of feedwater flow is accompanied by a
large and rapid drop in water level. Low level scram is initiated
in approximately five (5) seconds, with RCIC and HPCS actuation

occurring shortly thereafter. With bcth systems operating, water
level is quickly restored. Due to the rapidity of the transient,
HPCS initiation cannot be avoided even if the RCIC setpoint is
raised to the normal operating level. Iherefore, raising the RCIC
setpoint for this type of transient can have no beneficial effect

on therra; cycles and will interfere with notaal plant operation.

For both types of events, eutomatic RCIC operation could avoid HPCS
initiation if the HPCS setpoint was lowered; however, no
significant benefit is realized unless the HPCS setpoint is lowered
to near the low-low water level (level 1). Since the actuation of
RCIC and HPCS has been previously shown to be of minimal impact in
fatigue usage analyses, and lowering of the HPCS setpoint lessens
the existing margin for assurance of adequate core cooling, such a
separation of HPCS and RCIC setpoints by lowering the HPCS setpoint
is not warranted.

BWROG Evaluation of Automatic RCIC Reset h

The BWR Owners' Group has prepared a second report evaluating automatic
RCIC reset. Currently RCIC reset is a manual operation. Depending on
tbn accident or transient, the operator may have to perform other
actions or =ay be distracted to the extent that he may either forget or
delay RCIC system reset. To provide assurance that this does not
occur, the RCIC system could be modified to incorporate automatic reset
logic on high reactor water level. RCIC would restart on low water
level and the operator would only have to verify proper system
operation. The report states, and 220 agrees, that this design
modification would benefit overell plant safety by increasing the
availability of the RCIC system.

The proposed change would utilize the steam supply valve rather than
the turbine trip valve to shut off steam to the RCIC turbine on high
reactor water level. The steam supply valve would be used both to
initiate system operation or. low reactor water level and terminate
operation on high water level.

The cessation of steam will be extended over a longer period of time
due to the normal travel time of the steam supply valve. The spring
loaded turbine trip valve closes essentially instantsneously. The
steam supply valve closes in fif teen (15) seconds or less.
Conservatively as suming full rated flow throughout this extended
shutoff period with a maximum rated RCIC flow of 700 GPM would cause {gapproximately 175 gallons to be added to the reacter vessel following
the high vessel water level trip. This addi:ional volume has an
insignificant effect on high vessel level tr>.nsients.

15 19-111381
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The 6 tty on the steam supply valve is essentially the same; automatic
closere rather than manual closure. The steam supply valve will be
subjected to increased wear due to the wire drawing experienced at
closure. This effect should be minimal due to the low frequency of
closures with steam flow through the valve.

This modification to logic circuitry will increase the complexity of
the system a minimal amount. From this standpoint the overall
reliability of the system is minimally reduced, but this reduction is
more than offset by the increased safety, reliability, and availability
created by the fact that the steam supply valve is used to reset the,

system automatically.

Conclusion

It has been shown that HPCS and RCIC initiation at the current
low-water level setpoints are within the design basis thermal fatigue:

limits for the reactor vessel and internals. Separating the setpoints
as a means of reducing the number of thermal cycles caused by HPCS
initiation would be of negligible bencfit. Current design of the
vessel is conservative with respect to thermal cycles and the stresses

(]) they cause. Further, it has been shown that the proposed change would
be counterproductive; that the disadvantages of unnecessary RCIC
actuation or decreased margin for adequate core cooling outweigh the
advantage of increased system automation. We therefore conclude that
no change should be made in the design for initiation of RCIC and HPCS.

The results of the analyses on the automatic RCIC restart indicate that
the proposed logic change would contribute to improved system
reliability, be of assistance to the operators, and enhance total -plant
safety. The change will be incorporated into BFS design after NRC
approval of the BWR Owners' Group study.

1
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10 CFR 50.34(e)(1)(vi) REDUCTION OF CHALLENGES AND FAILURES OF RELIEF

VAINES - FEASIBIL1TY STUDY AND SYSTEM MODIFICATION
.

NRC POSITION:

(1) To satisfy the following requirement, the application shall.
provide sufficient information to describe the nature of the
studies, how they are to be conducted, estimated submittal dates,
-ad a program to ensure that the results of such studies are
factored into the final design of the facility. All studies
shall be completed no later than two_ years following issuance of
the construction permit or manufacturing license. (NUREG-0718,
Category 3)

(vi) Perform a study to identify practicable system
modifications that would reduce challenges and failures of
relief valves, without compromising the performance of the
valves or other systems. (NUREG-0718, II.K.3.16)

PSO RESPONSE:

Introduction

The accident at Three Mile Island-Unit 2 (TMI-2) on March 28. 1979
O involved a main feedwater transient coupled with a stuck-open

pressurizer power-operated relief valve and a temporary failure of the
auxiliary feedwater system. The Bulletins -and Orders Task Force
(B&OTF) was established within the NRC and made responsible for
eviewing and directing TMI-2 related staff activities associated with

loss of feedwater transients and Loss of Coolant Accidents (LOCA) for
all operating plants. A generic review of General Electric designed
Boiling Water Reactor (BWR) plants was conducted by the B&OTF, and
documented in NUREG-0626, " Generic Evaluation of Feedwater Transients
and Small Break Loss of Coolant Accidents in GE Designed Operating
Plants and Near Term Operating License Applications." This review
identified improvements in systems, procedures, and analysis which, the

~

B&OTF believed, would make GE-designed BWR's less susceptible to core
damage during accidents and transients coupled with systems failures or
operator errors.

NCREG-0626 showed that relief valves have failed to close and remained
stuck open (af ter opening) at a rate of 0.03 failures per valve
challenge in operating BWR plants. A stuck-open relief valve (SORV),
which can be equivalent to a small break Loss of Coolant Accident
(LOCA), can lead to actuation of the Emergency Core Cooling System
(ECCS).

One requirement, proposed by the B&OTF and adopted by the NRC Staff was
to study ways to reduce the number of challenges to safety and relief
valves, i.e., the number of actuations. The Staff expanded the,s requirement to also study ways to reduce valve failures. The B&OTF
recomuended a frequency reduction for SORV's of one order of magnitude
(factor of 10) .

17 19-111381
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Study

The BWR Owners' Group (BWROG), an organization of utilities operating
or building boiling water reactors, has completed a study of potential
modifications to reduce challenges to SRV's as well as to reduce the
frequency of stuck-open relief valves. This study, titled "BWR Owners'
Group Evaluation of NUREG-0737, Item II.K.3.16, Reduction of Challenges
and Failures of Relief Valves," has been submitted to the NRC. Public
Service Company of Oklahcm , as a member of the BWR Owners' Group,
participated in the study.

The majority of relief valve failures in operating plants have been
with 3-stage Target / Rock valves in BWR-4 reactors. The study,
therefore, examined ways to reduce the SORV frequency rate of thesa
valves by the recommended amount.

The conclusions of the study indicated that the Black Fox design
incorporates features that reduce the frequency of challenges to
SRV's. The frequency of SORV's is further reduced by employment of an
improved valve design compared to those in use in currently operating
BWR's.

Equipment Description g
Each Black Fox Statica unit has nineteen dual function safety / relief
valves located inside the ccatainment on the four main steam lines
which transport steam fron the reactor vessel to the turbine. The
primary purpose of the valves is to prevent damage to the reactv
system resulting from excessive water / steam pressure.

The valves can be opened in two ways. For the " Safety" function, each
valve is provided with a spring which keeps .he valve closed. The
spring is adjusted so that a particular pressure in the steam line must
be reached before the valve begins to open. The v(lve closes when the
pressure is reduced below the valve spring "setpoint."

For the " Relief" function, each valve is equipped with an air operator,
the actuation of which opens the valve. Actuation is caused by an
electrical signal which has three sources: pressure sensors on the
reactor vessel which cause the valves to open at pressures slightly
less than that of the " safety" function; a switch in the control room
with which the operator can open individual valves; and instruments in
the Automatic Depressurization System which cause eight valves to open
if high pressure cooling systems fail to operate when required. Valve
closure can occur either by operator manual action or automatically
when reactor pressure is reduced.

O
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,

Reduction of Challenges

The study examined ways to reduce SRV challenges. The following were
examined to determine their feasibility for effectively reducing SRV
challenges:

,

(1) Additional anticipatory scram on loss of feedwater,
!

(2) Revised relief valve actuation setpoints,

(3) Increased emergeacy core cooling (ECC) flow,

(4) Lower operating pressures,

(5)' Earlier initiation of ECC systems,

(6) Heat removal through emergency condensers,

j. (7) Offset valve setpoints to open fewer valves per challenge,

(\-} (8) Installation of additional relief valves with a block or
"

isolation valve feature to eliminate opening of the
safety / relief valves (SRV's), consistent with the ASME code,

(9) Increasing the high steam line flow setpoint for main steam
line isolation valve (MSIV),

(10) Lowering the pressure setpoint for MSIV closure,
,

(11) Reducing the testing frequency of the MSIV's,

(12) More stringent valve leakage criteria, and
,

(13) Early removal of leaking valves,

i Based on its examination, the BWROG concluded that existing designs
for BWR-6 plants like Black Fox Station include several of these
features. As a result of a probabilistic assessment and an examination
of historical data, the BWROG determined that a reduction of SRV
challenges by more than a factor of 2 has been achieved by present
BWR-6 designs. These features are:

(1) MSIV closure at reactor water level 1 rather than level 2.
The Black Fox Station MSIV's will close at a reactor water
level lower than the level at which the MSIV's of previous
BWR designs close. Since this lower water level is reached() less frequently, the MSIV's will not close as often, and
relief valves will not be called upon to open due to the
ensuing pressure increase.

;

!
|
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(2) Improved relief valve control logic so that only one or two
valvea will cycle open and closed instead of all nineteen
following the initial pressure signal which causes all of the
valves to open. This control logic allows actuation of a few
selected valves at pressures lower than normal relief
operation. Thus only a few valves are required to operate
rather than all nineteen.

Reduction of Failures

The study then examined methads of reducing relief valve failures when
challenges occur. For BWR-6 plants, including Black Fox Station, the
BWROG concludes that reduction has already been accomplished by using
an i= proved valve design. Both the Dikkers safety / relief valve, which
Black F x Station will use, and the Crosby safety /reltcf valve, which
several other BWR-6 plants will use are believed by the BWROG to be
less prone to failure than the 3-stage Target / Rock valve. The BWR-6
valves are not pilot-actuated like tae Target / Rock valves, and employ
fewer moving parts which come in contact with steam. Based on valve
qualification test data and limited operating experience, a factor of
eight reduction in SRV failures is expected by the BWROG.

OConclusion

The study concluded that the combined effect of reducing challenges and
failures of relief valves is to reduce SORV's by a factor of sixteen.
PSO will incorporate in the Black Fox Station design the resolution of
this item as agreed to by the NRC and the BWROG.

O

,
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10 CFR 50.34(e)(1)(vii) MODIFICATION OF ADS LOGIC - FEASIBILITY STUDY

'

AND MODIFICATION FOR INCREASED DIVERSITY FOR
SOME EVENT SEQUENCES

NRC POSITION

(1) To satisfy the following requirements, the applicant shall
provide sufficient information to describe the nature of the
studies, how they are to be conducted, estimated submittal dates,
and a program to ensure that the results of such studies are
factored into the final design of the facility. (NUREG-0718,
Category 3)

(vii) Perform a feasibility and risk assessment study to
determine the optimum Automatic Depressurization System
(ADS) design modifications that would eliminate the need
for manual activation to ensure adequate cooling.
(NUREG-0718, II.K.3.18)

PS0 RESPONSEt

Introduction

Following the TMI-2 accident, the NRC created the= Bulletins and Orders

('' Task Force (B&OTF) which directed and reviewed NRC activities
associated with loss of feedwater transients and small break LOCAs. In

; the B&OTF generic review of General Electric designed BWR's, documented
'

in NUREG-0626, " Generic Evaluation of Feedwater Transients and Small

Break Loss of Ccolant Accidents in GE Designed Operating Plants and
Near Term Operating License Applications," the B&OTF identified certain
improvements to systems and procedurer which they belf2ved would make
GE designed plants less susceptible to core damage during accidents and,

transients coupled with system failures and operator errors.
Specifically in NUREG-0626, Item A.7, the NRC Staff stated that the ADS,

| initiation logic should be modified to eliminate the need for manual

! accuation to assure adequate core cooling. A feasibility and risk
assessment should be performed to determine the optimum approach. One
possible approach suggested by the Staff was to activate ADS on low
reactor vessel water level provided no HPCS flow exists and a low
pressure emergency core cooling system is running.

In the continuing evolution of this Requirement, the " Clarification of
TMI Action Plan Kequirements" (NUREG-0737) delineated the required
content of the licensee procedures. NUREG-0737 stipulated that Item'

( A.7 was applicable to operators of reactors and applicants for an

| operating license.

The final Staff revision to this requirement and to which this response
is addressed, is embodied in NUREG-0718, " Licensing Requirements for

f- Pending Applications for Construction Permits and Manufacturing,

(,,g) License." In NUREG-0718, Staff concerns regarding ADS design are
incorporated. As a result, this Requirement is now applicable to
near-term construction permit applicants.

|
'
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Study

PS0 is a member of the BWR Owners' Group whicn has performed an
evaluation of possible design modifications to the ADS that would
eliminate the need for manual activation to insure adequate core
cooling. The Ownera' Group report was forwarded to the NRC under a
cover letter dated March 31, 1981 from D. B. Waters to D. G. Eisenhut
with the subject title "3WR Owners' Group Evaluations of NUREG-0737
Requirements II.K.3.16 and II.K.3.18."

ADS System Description

The Automatic Depressurization System, through selected safety / relief
valves, functions as a backup to the operation of the high pressure
coolant systems for protection against excessive fuel cladding heatup
upon loss of coolant, over a range of steam or liquid line breaks
inside the drywell. The ADS deprensurizes the vessel, permitting the
operation of the low pressure coolant systems. It is activated
automatically upon coincident signals of low water level in the reactor
vessel (level 1), high drywell pressure, and low pressure ECCS pumps
running. A tiae delay of approximacely two minutes af ter receipt of
the signals allows time for the automatic blowdown to be bypassed if ||hthe water level is restored (or to be bypassed manually if the signals
are erroneous). The ADS can be manually initiated as well.

Peture of the Study

The point of concern in this issue is with a Loss of Coolant Accident
which does not pressurize the drywell. Under such circumstances, as
well as for some non-line break events, such as the loss of feedwater,
which are further degraded by the unavailability of high preaaure
injection systems, manual ADS actuation is necessary under current
design. The Owners' Group study c.amined the advantages and
disadvantages of the carrent design, coupled with new symptom oriented
emergentj procedures and/or four possible ADS modifications. These
were: (1) elimination of the high drywell pressure trip, (2) addition
of a timer which allows bypass of the drywell pressure trip after a
certain period of time, (3) addition of a suppression pool high
temperature trip to be used in parallel with the drywell pressure trip,
and (4) addition of a high pressure system no-flow trip as suggested by
the NRC Staff in NUREG-0626, Item A.7.

Each of the options was evaluated on the basis of whether it assures
adequate cooling without operator action for is91ations and for stuck
open relief valves. For these analyses it was assumed that all high
pressure injection systems failed and that the vessel must be
d" pressurized in order fc. the low pressure systems to inject, g

The Owners' Group concluded that the intent of this requirement could
be satisfied in two ways. First, the ADS logic could be modified for

22 19-111381
>



.- - - - .

v
h.s

ju

' , ,

* hy

O
V

PSO RESPONSE: 10 CFR 50.34(e)(1)(vii)

\
automatic depressurization for these type of events. .0f the four ES ' g
logic modifications, the Owners' Group concluded that a modificatio1 '

. ,

which adds the bypass . timer or the elimination of the dryvell pressure '% '

trip would be the most beneficial. The second approach determined by\
the Owners Group to satisfy the intent of this requirement. was to -

,4 .

provide the operator with symptom oriented emergency procedures for Q Q
'

manual action during any degraded condition.
+ 2

'Discussion of ADS Iogic Modifications e
L

a. Elimination of High Drywell Prescure Trip .1 h,

f
'

i By eliminating the high drywell pressure trip, the ADS vould be
p%activated by low water level and low pressure ECCS pumps a

operating. Ehen the water level reaches Level 1, the two-minute *
x

i timer would begin to run. The timer would reset if the low water -

level signal cleared before the timer runs out. _.

Unoer current design, with a pipe break inside the drywell, the
high drywell pressure trip would occur before the low water level };
trip. Eliminating the high drywell pressure trip can be thought of I

N ||
,

ns assuring that this condition will exist for all transients. The "''

' water level response for an isolation event is bounded by small b
break analyses where the majority of inventory loss is through the l,

cycling of relief valves, not through the break. The water level
response for a stuck open relief valve is essentially the same as a'
small recirculation line break. Therefore, the break spectrum
ane. lyses provided in Chapter 15 of the PSAR verify that adequate '

~

core cooling would be assured for this alternative.
1

' ~The elimination of the high drywell pressure trip is a simple and j ie
effective modification. Maintenance and testing is somewhat easier |'

with fewer trip circuits to be tested and repaired. The primary r;
drawback is that the removal of one of the trip circuits results in ,

a slight increase in the probability of actuation as a result of
improper testing or spurious signals. While this does not present.
a core cooling concern, it tends to decrease plant availability and
increase the duty cycles on the vessel and ,:ontainment due to -

unneeded depressurizations.
'

,

b. Bypass of the High Drywell Pressure Trip

The other viable alternative for ADS modification would involve the
addition of a timed bypass of the drywell pressure trip. A timer
would be actuated on low water level. When the timer runs out, the
high drywell pressure signal would be bypassed and the ADS actuated

I on water level alone. Once the timer runs out, the option becomes
1 the same as the elimination of drywell pressure trip option. Thei s

j only difference is that for events which do not produce a high
- drywell pressure signal, the bypass timer gives the operator

| 23 19-111381
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1, addit.ional time to bypass automatic vess ai Alowdown if the,s

I L ~

/ situation is, corrected or if ADS is not needed for some other

. N.
j reasori. ' \, s .,

t ?,

/ This alternativu presents a feasible modification. Moreover,
additional. maintenance and testing is minimal.

) c ... Other Modification Schemes
1,

I A system could be developed to measure the use in suppression pool
*

temperature due to the inventory loss through the relief valves or
a break in tre irfuell. a c ADS would then be it.lciated by either
suppressionhJoltymperatureor'drywGllpressureandreactorlow9 s

.\ ,(
', watice icvel.t Two conditions would be used to provide the poolgs

temper / tare 'p6: missive: (1) when pool temperature reaches a'
/,

,

( ,1, wecir~ud knue ad (?) when pool heat up rate is faster than a

[' 'specified rsce.

This alternative , presents many problems. The system would have to'*

| - be designed, te produce a high pool temperature signal before low
rasctor watpr (evel was reached. Additional hardware necessary for
tf:Is option is' [omplex and expensive. Variations in SRV location'

ind.RHR, operation raise the possibility that the system might miss g
a lacal' cr:rwrature rise from a relief valve. Maintenance and W

Jcpting ver complex and could increase exposure to maintenance
perscnnel. because of the complexity of the system, overall
r eliabili ty_ ,3 lower than for the previous options.

I .e final ADS logic modification considered involved the addition
of high pressure system flow measurement and logic in parallel with
the high drysell pressure trip. This alternative suffers from the
fact that a HPCS pipe break or incorrect valving downstream would
provide a false indication of flow without providing makeup to the
resctor. Another difficulty is determining an acceptable flow

'.
criterion. For example, only 3% feedwater flow is required to

'
maintain vessel inventory for isolation or stuck open relief valve
events. It is difficnit to accurately and reliably measure small
flov vith devices that would not interfere with normal operation.,

^ '

In addition, the HPCS is normally cycled on and off to maintain
reacter water level. Therefore, the codification is not viable
since the flow scheme has a low probability of producing a signal

| that reflects the availability of the HPCS.

Conclusion

' PSO has evt.luated the Owners' Grcup report and it has determined that
the report is applicsbic to Black Fox Station. PSO will incorporate
the Owners' Group /NRC Staff resolution of this matter into the design
or Black F9x Stdtion.
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10 CFR 50.34(e)(O (viii) RESTART OF CORE SPRAY AND LPCI SYSTEMS ON LOW

LEVEL - DESIGN AND MODIFICATION

NRC POSITION:

(1) To satisfy the following requirement, the applicant shall provide
sufficient information to describe the nature of the studies, how
they are to be conducted, estimated submittal dates, and a program
to ensure that the results of such studies are factored into the
final design of the facility. (NUREG-0718, Category 3)

(viii) Perform a study of the effect on all core-cooling modes
under accident conditions of designing the core spray and.

low pressure coolant injection systems to ensure that the
systems will automatically restart on loss of water level,
af ter having been manually stopped, if an initiation
signal is still present. (NUREG-0718, II.K.3.21)

PSO RESPONSE:

Introduction

Following the TMI-2 accident, the NRC created the dulletins and Orders

Task Force (B&OTF) which directed and reviewed NRC activities
Q associated with loss of feedwater transients and small break LOCA's.
V In the B&OIF generic review of General Electric designed BWR's,

documented in NUREG-0626, " Generic Evaluation of Feedwater Transients
and Small Break Loss of Coolant Accidents in GE Designed Operating
Plants and Near Term Operating License Applications," the B&OIF
identified certain improvements ta systems and procedures which they
believed would make GE !asigned plants less susceptible to core damage
during accidents and transients coupled with system failures and
operator errors. Specifically, Item A.10 of NUREG-0626 states that the
core spray and low pressure coolant injection system logic should be
modified so that thea systems would restart if required to assure
adequate core cooling. The Staff further states that because this
modification affects saveral core cooling modes under accident
conditions, a preliminary design should be submitted for the Staff's
review and approval prior to making any modification.

This requiremeat was a part of the " Clarification of TMI-2 Action Plan
Requirements," (NUREG-0737) which was was applicable to operating
reactor licensees and operating license applicants. The final Staff
revision of this issue appears in NUREG-0718, " Licensing requirements
for Pending Applications for Construction Permits and Manufacturing
License." In NUREG-0718, the Staff's requirements regarding core spray
and low pressure coolant injection automatic restart became applicable
to BFS.

m Study

The BWR Owners' Group. of which PS0 is a member, has conducted generic
reviews of the core spray cnd low pressure coolant injection systems
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for a group of plants including BFS and evaluated the impact of the
proposed logic changes. The report was forwarded to the NRC Staff
under a cover letter dated Deceaber 29, 1930, with the subject title,
"BWR Owners' Group Evaluation of NUREG-0737 Requirements."

High Pressure Core Spray (HPCS) System Description
d

The l'PCS supplies makeup water to the reactor vessel in order to
restore coolant inventory following a LOCA. The system consists of an
electric motor driven pump which takes suction from either the
condensate storage tanks or the suppression pool and discharges into
the vessel through its own sparger onto the core.

Operation of the HPCS is automatically initiated by signals from the
!bclear System Protection System indicating low reactor water level
(level 2) or high drywell pressure (2 psig). After startup, the HPCS
pump will run continually until secured by operator action. If, during
HPCS operation, the water level reaches level 8 (222 inches above top
of the active fuel) and the drywell pressure is below 2 psig. the valve
which allows injection into the vessel will close automatically. The
pucp will continue to run. A valve which directs flow to the
suppression pool will open at this time to prevent the pump from |||overheating. Indication and annunciation of this bypass is given in
the control room. If the water level again drops to level 2, the
injection valve will reopen allowing water into the vessel. If the
pump is secured by the operator, it will not restart automatically
unless both automatic initiation signals, high drywell pressure and low
water level, have cleared.

Low Pressure Core Spray (LPCS) System Description

If the HPCS cannot maintain vessel coolant inventory, the vessel will
autcmatically depressurize through operation of the Automatic
Depressurization System. Once the vessel is at a lower pressure the
LPCS can supply the makeup coolant. For initial core cooling, the LPCS
works in conjunction with the HPCS (if available) and the Low Pressure
Coolant Injection system. The LPCS by itself can provide long tera
core coaling. The system consists of an electric motor driven pump
which takes suction from the condensate storage tanks or the
suppression pool and discharges through its own sparger onto the core.

Automatic operation of the LPCS is initiated by signals indicating
wat:r icvel 1 or high drywell pressure. Upon automatic initiation and
when reactor pressure is below about 300 psi, the injection valve opens
to allcw water into the vessel. A cocling loop is established; water
is taken f tca the suppression pool, through the LPCS pu=p into the
reactor, then out of the reactor through the ADS valves into the
suppression pool. The LPCS pump will continue to operate until
manually secured by the operator.
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Low Pressure Coolant Injection (LPCI) System Description

The LPCI is one functional mode of the Residual Heat Removal System
(RHR). The Containment Spray mode and the Suppression Pool Cooling
mode are the other safety related accident modes of the RHR. The RRR
System consists of three separate loops, each equipped with a motor
driven pump and piping routed to accomplish the many functior.s the
system must perforn.

The LPCI mode, in conjunction with the other ECC systems, will restore
and maintain vessel coolant inventory. The LPCI is automatically
initiated on reactor wcter level 1 or high drywell pressure. All three
loops, A, B and C, inject water into the vessel initially because the
primary concern immediately following a LOCA is to restore water level
in the reactor. LPCI loop A initiation logic is common to the LPCS.
LCP1 loops B and C share similar, but separate, initiation logic.

Ten minutes af ter LPCI initiation, and in the event of high drywell and
containment pressure. LPCI loops A and B automatically align themselves
to the Containment Spray mode. The Containment Spray mode of the RHR
is necessary in order to cool and depressurize the containment so that

(} it can accommodate the bypass of steam through the drywell vent
'

structure. The spray also removes airborne halogen and particulate
fission products from the containment atmosphere. Loop C will continue
in the LPCI mode.

The Suppression Pool Cooling mode of the RHR cools the pool water by
circulating it through the RHR heat exchangers. This mode is manually
initiated. The Suppression Pool Cooling mcde is important because it
helps prevent containment overpressurization and protects the RHR pumps
from damage due to inadequate net positive suction head conditions
caused by elevated pool temperatures.

Analysis of Logic Changes

HPCS

The B'4ROG study reviewed the current HPCS design and concluded that
additional safety margin may be added by modifying the HPCS control
logic to provide automatic restart of the system following manual
termination by the operators. Automatic restart would be provided by a
system that (1) blocks the high drywell pressure signal to allow logic
reset, (2) restarts the pump on reactor water level 2, (3) clears if
both reactor low water level and high drywell pressure signals
disappear, and (4) still allows system shutdown if necessary. The
logic change is under NRC review for approval.

27 19-111381
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LPCS and LPCI

The BWR Owners' Group study addressed the desirability of adding logic
for automatic restart of the LPCS and LPCI as opposed to manual restart
by the operator.

Reactor operators presently can stop an ECCS System at any time even if
a LOCA signal is present. This manual override option is deliberate
and is an important safety feature because it provides the operators
flexibility for dealing with credible conditions requiring system
shutdown. Exa::.ples of such conditions are gross seal leakage, ECCS
piping breaks, failed pump motors or load shedding for other post-LOCA
ope rations . Any design change which restricts operator flexibility
would not enhance plant safety. Since reactor water level is measured
directly in the BWR and is a primary parameter in operator guidelines,
operator action is a highly reliable means of reinitiating the low
pressure ECCS if needed for core cooling.

Moreover, the Owners' Group study determiaed that additional
complications aruse when designing low pressure automatic restart as
compared to the HPCS restart. These additional complications include
competing priorities for modes of operation of the RHR system,
decreased operator flexibility when dealing with unanticipated
situations, and the additional complexity of logic required with its g
resultant decrease in reliability. Because of the complications, no
net safety improvement would be realized if the logic changec were made
on the low pressure systems. For example, high containment and drywell
pressures cause a portion of the LPCI to realign to the Containment
Spray mode automatically. Reoccurrence of the LPCI autostart signal
would create conflicting simultaneous automatic signals which would
have to be resolved by priority logic and its inherent complications.
As a further example, automatic realignment of the other modes to the
LPCI mode would have to take into account the characteristics of the
hardware involved. Thus, the suppression pool return valve requires
90 seconds to close, while the LPCI injection valve requires only
25 seconds to open. This valve travel time mismatch would result in a
significant period of time during which the RHR pumps would be
supplying water to both flow paths. Since the pumps are not designed
for excess duty, pump cotor and auxiliary power overloading are
problems. Logic to avoid the valve timing mismatch would require
additional valve permissives and so adds to the probability of failure.

Conclusion

PS0 has evaluated the Owners' Group report and it has determined that
the report is applicable to Black Fox Station. PS0 will incorporate
the Owners' Group /NRC Staff resolution of this matter into the design
of Black Fox Station.

O

28 19-111381



O
10 CFR 50.34(e)(1)(1x) CONFIRM ADEQUACY OF SPACE COOLING FOR HPCI

AND RCIC SYSThMS

NRC POSITION:

(1) To satisfy the following requirement, the applicant shall
provide sufficient information to describe the nature of the
studies, how they are to be condu::ted, estimated submittal dates,
and a program to ensure that the results of such studies are
factored into the final design. (N7 REG-0718, Category 3)

(ix) Perform a study to determine the need for additional space
cooling to ensure reliable long-term operation of the
Reactor Core Isolation Cooling (RCIC) and High-Pressure
Coolant Injection (HPCI)* systems, following a complete
loss of offsite power to the plant for at least two (2)
hours. (NUREG-0718, II.F.3.24)

*For plants with high pressure core spray systems h tieu of high
pressure coolant injection systems, substitute the wrds, "high

,

pnssure core spray" for "high pressure coolant injection" and "HPCS"
for "HPCI."

PSO RESPONSE:

Introduction

The question concerning adequate space cooling for the emergency core
cooling systems following, the loss of offsite power arose indirectly
from the NRC Staff's evcluation of the TMI-2 accident in NUREG-0626
" Generic Evaluation of Feedwater Transients and Small-Break Loss of
Coolant Ac,:idents in GE- Designed Operating Flants and Near-Term
Operating License Apilications." Specifically, NUREG-0625, Item B.3,
requires licensees and operating license applicar.ts to verify the
acceptability of a two hour loss of offsite power to BFS and the effect
on the Reactor Core Isolation Cooling System (RCIC) and the High
Pressure Core Spray System (HPCS) and their support systems. The RCIC
system provides make'ap water to the reactor vessel to replenish coolant
inventory in the event the reactor is isolated from the main condenser
accompanied by the ir.:s of normal feedwater supply. The HPCS system
supplies makeup coolant to the vessel to restore coolant inventory
following a LOCA, thereby preventing core damage caused by excessive
temperatures. As a consequence of the Staf f's concern about adeqt: ate
space :.ooling, they have, in NUREG-0718 (Revision 1), " Licensing
Requirements for Pending Applications for Construction Permits and
Manufacturing License," required BWR Construction Permit applicants to
perform a study to determine the need for additional space cooling in
order to ensure long-term operation of the RCIC and HPCS systems
following a two hour loss of offsite power. Space ecoling shall be
adequate to maintain pump room temperatures within tolernble limits.pd
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PS0 Study

The Black Fox Station (BFS) RCIC and HPCS systems and their associated
space cooling systems have been designad to function continuously for
an extended period of time in excess of two hours following the loes of
offsite power. The design criteria for the space cooling systems are
adequate to maintain pump room temperatures withia allowable limits.
Only a momentery interruption (approximately 30 seconds) in space
cooling will occur at the incidence of loss of offsite power, the time
necessary for onsite emergency diesel generator startup and load
sequencing. The loss of offsite power is a design basis for the BFS
RCIC and HPCS and their associated space cooling systems. A

re-evaluation of this design basis confirms that no additional space
cooling is needed for BFS to ensure reliable long-term operation of the
RCIC and HPCS systems.

Description of Space Cooling for HPCS and RCIC

Environmcatal cor.ditions in the HPCS and RCIC equipment rooms are
maintained within tolerable limits through the operation of the
Auxiliary Building Heating, Ventilating and Air Conditioning System
(HVAC-AB). The Auxiliary Building is divided into zones that provide
control over the spread of extreme environmental conditions from local
areas throughout the building. The RfCS and RCIC equipment rooms are |||
cooled by individual safety related recirculating fan coil units
located in the equipment rooms. Each f:-n coil unit contains a f an,

filter, and cooling coil. These units are safety Class 3, electrical
Class 1E and are manufactured and tested in accordance with tne ASME
Boiler and Pressure Vessel Code, Section III and IEEE Standard
323-1074. The units are locally controlled by a thermostat which
cycles the fan and are provided sd 5 an interlock to start whenever the
equipment they protect is started. There are also manual start
switches located in the main control room.

The RCIC room fan coil unit is provided power f rom Division 1 of the
Standby AC Power Supply System (onsite diesel generators) and cooling
water f rom Division 1 of the Standby Service Water System following
loss of offsite power, The HPCS room fan coil unit is powered from
Division 3 of the Standby AC Power Supply System and provided cooling
water from Division 3 of the Standby Service Water System. In each
case, the Space Cooling System is supplied emergency AC power and
cooling water from the same division as the equipment being protected.

At the incidence of loss of offsite power, the Auxiliary Building
secondary containment is isolated and the RCIC and HPCS fan coil units
are deenergized. Thirteen seconds later the diesel generators are
synchronized with the ESF buses and are ready to accept loads. Twelve
seconds later the HPCS and RCIC fan coil units have been started and
have reached rated capacity within thirty seconds of the loss of g
offsite power if the equipment they serve is operating. Thirty seconds W
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following the loss of offsite power, the air handling units and exhaust
fans for the ESF switchgear and battery rooms, Divisons 1, 2, 3 and 4
are automatically started. When the loss of offsite power condition
clears, all units are manually returned to normal operation using
offsite power.

.

Conclusion

Loss of offsite power will not affect the performance of the RCIC and
HPCS systems or their space cooling systems. These systems have been
designed to operate for a period of time in excess of two hours using
AC power from the station's onsite emergency diesel generators. Space
cooling has been designed to maintain suitable equipment room
environments to ensure that the equipment will operate efficiently and
reliably.

O

O
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10 CFR 50.34(e)(1)(x) VERIFY QUALIFICATION OF ACCUMULATORS ON ADS VALVES

NRC POSITION:

(1) To satisfy the following requirement, the application shall
provide suffirdent information to describe the nature of the
studies, how tney are to be conducted, estimated subatttal dates,
and a program to ensure that the results of such studies are
factored into the final design of the facility. All studies shall
be completed no later than two years following issuance of the
construction permit or manufacturing license. (NUREG-0718,
Category 3)

(x) Perform a study to ensure that the Automatic
Depressurization System, valves, accumulators, and adsociated
equipment and instrumentation will be capable of periorming
their intended functions during and following an accident
situation, taking no credit for non-safety related equipment
or instrumentation, and accounting for normal expected air
(or nitrogen) leakage through valves. (NUREG-0713,
II.K.3.28)

PSO RESPONSE:

(') Introduction
\_s

The accident at Three Mile Island, Unit 2 (TMI-2) on March 28, 1979
involved a main feedwater transient coupled with a stuck-open
pressurizer power-operated relief valve and a temporary failure of the
auxiliary feedwater system. The Bulletin and Orders Task Force (B&OTF)
was established by the NRC and made responsible for reviewing and
directing TMI-2 related activities associated with loss of feedwater
transients and Loss of Coolant Accidents (LOCA) for all operating
plants. A generic review of General Electric designed Boiling Water
Reactor (BWR) plants was conducted by the B&OTF and documented in
NUREG-0626. The B&OTF review identified improvements in systems,
procedures, and analysis which the B&OTF believed would make
CE-designed BWR's less susceptible to core damage during accidents and
transients coupled with systems failures or operator errors. One item
identified concerned the design basis for ADS actuation.

The Automatic Depressurization System (ADS) must be able to function
after an accident if the reactor vessel remains pressurized and high
pressure cooling systems are either inoperative or fail to maintain
adequate core cooling. The ADS is then used to depressurize the
reactor so that low pressure cooling systems can inject water to
maintain adequate core cooling.

One requirement, proposed by the B&OTF and adopted by the ?!RC Staff,
was to verify that the accumulators for the Automatic Depressurizations

w_) System (ADS) do in fact meet design requirements. The present
Automatic Depressurization System (ADS) air accumulators are sized to
cycle the ADS valves twice against 70% of containment design pressure
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(or l'.ve times against containment atmospheric pressure) plus
accommodate component leakage for several days.

Study

PSO is a member of the Boiling Water Reactor Owners' Group (BWROG)
which is performing a study to justify the design basis of the ADS
accumulator design. The BWROG study will provide a discussion of the
general design bases for both long and short term depressurization
aseds. PSO will perform and submit to the NRC a study verifying that
the BFS ADS will be capable of performing its intende? function during
and following an accident situation.

System Description

The Automatic Depressurization System utilizes eight of the nineteen
dual function asfety/ relief valves to achieve its function. Twe ADS
valves are located on each main steam line.

The ADS valves use the " relief" function of the SRV's, opening due to
actuation of a pneumatic operator by an electrical signal. The design
includes three sources of gas (air or nitrogen) supply for actuation
purposes. During normal operation, air is supplied to the valves from
the station ai. system. Two safety grade backup rources are available |||
if the station a:' supply is unavailable. The short-term backup supply
utilizes accumulatars located near the ADS valves in the drywell.
Also, a supply of nitrogen is provided from storage cylinders located
in the Control Building. Additional backup cylinders are available in
the Control Building as well as an external connection for additional
nitrogen brought from offsite. This arrangement provides for
replenishment on a periodic basis, thus ensuring an essentially
continuous source of supply.

Requirement Response

PS0 will perform and subcit to the NRC a study verifying that the ADS
accumulators =cet the design requirements. The BWROG study, which is
generic, will be used as a guide in PSO's plant unique study for BFS.

The study will address the capability of the Black Fox Statien ADS to
provide both short and long term reactor pressure vessel
depressurization during and following an accident situation. This will

include jitstifying the sizing of the accumulators. In addition, PSO
will address the guidelines provided in the April 8, 1981 meeting with
the NRC Staff, which are:

1. Define the number of times the ADS valves must be capable of
cycling using only the accumulator inventory and the length of time
these accumulators are required to perform their function following g
an accident. W

,
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2. Provide the criteria for the allowable leakage limits.

3. Commit to periodic leak testing of the ADS accumulator system. r

;

4. Propose technical specifications which will specify leak test,

frequency, allowable leak rate and the actions to be taken if the.;'

leakage limit is exceeded. ;

5.' Commit to seismically and environmentally qualify the ADS
accumulator system and associated control circuitry.

PSO will make those design changes deemed necessary as a result of the
resolution of this item with the NRC.
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10 CFR 50.34(e)(1)(xi) EVALUATE DEPRESSURIZATION WITH OTHER THAN FULL ADS

NRC POSITION:

(1) To satisfy the following requirement, the application shall
provide sufficient information to describe the nature of the
studies, how they are to be conducted, estimated submittal dates,
and a program to ensure that the results of such studies are
factored into the final design. (NUREG-0718, Category 3)

(x1) Provide an evaluation of depressurization methods, other
than by full actuation of the automatic depressurization
system, that would reduce the possibility of exceeding
vessel integrity limits during rapid cooldown.

(NUREG-0718 II.K.3.45)

PSO RESPONSE:

Introduction

The accident on March 28, 1979 at Three Mile Island, Unit 2 (TMI-2)
involved a main feedwater transient coupled with a stuck-open relief
valve and a temporary failure of the auxiliary feedwater system. The
Eulletin and Orders Task Force (B&OTF) was established following the

O rx -2 acciae=t a=4 maae re Pe eiste fer reviewi 8 1eee of feeaweter
transients and Loss of Coolant Accidents (LOCA) for all operating
planto, A generic review of the General Electric designed Boiling
Water Reactor (BWR) operating plants was conducted by the EWIF. The
B&OTF evaluated an accident scenario similar to the TMI-2 event; i.e.,

a loss of feedwater transient with a small break LOCA and a loss of
high pressure emergency core cooling systems. They determined the
transient would be terminated by actuation of the Automatic
Depressurization System (ADS) and low pressure emergency core cooling
system injection. Since analyses of BWR plants have included only one
or two ADS actuations in the calculation of reactor pressure vescel
fatigue usage, the NRC Staff determined that an evaluation of
depressurization methods, other than by full actuation of the ADS,
which would reduce the possibility of exceeding vessel integrity limits
during rapid cooldown should be provided.

;

' Study

PSO is a member of the BWR Owners Group which has performed an
evaluation of depressurization modes other than full ADS. The study is
applicable to BFS and concludes that there is no benefit to be derived
from the use of reduced blowdown rates. PSG will incorporate into the
BFS design the resolution of this item that is agreed to by the Owners
Group and the NRC.

; Equipment Description

|
The ADS consists of dual-function safety / relief valves (SRV) each with

j an air supply, an accumulator, a discharge line to the suppression pool
:
!

1

!
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and associated initiation and leakage detection system. The air supply
consists of a connection to the plant air system with the accumulator
servine as a backup supply capable of maintaining its associated SRV
oper until the primary coolant system is depressurized. The SRV's are
located on each of the main steam lines between the reactor vessel and
the main steam line isolation valves. Each of the SRV's discharge
through a separate line to a point below the water level of the
suppression pool.

The ADS together with the low pressure emergency core cooling systems
serve as a backup to the High Pressure Core Spray (HPCS) system.
Without the availability of HPCS, ADS performs the function of vessel
depressurizatica for small and intermediate break LOCA's, thereby
permitting the low pressure emergency core cooling systems to operate
and provide adequate core cooling. The ADS is actuated on high drywell
pressure and reactor vessel low water level if a low pressure emergency
core ecoling system pump is operating. The ADS valves may also be
opened by the control room operator.

Analysis

Depressurization by full ADS actuation constitutes a depressurization
from about 1050 psig to 180 psig in approximately 3.3 minutes. Such an
event, which is not expected to occur more than once in the lifetime of $
the plant, is well within the design basis of the reactor pressure
vessel. This conclusion is based on the analysis of several transients
requiring depressurization via the ADS valves. Results of these
analyses indicate that the total vessel fatigue usage is less than
1.u. Therefore, no change in the depressurization rate is necessary.
However, to comply with the above requirement two cases of reduced
depressurization rates were analyzed and compared with the full ADS
actuation. The alternate modes considered cause vessel pressure to
treverse the sane pressure range as a full ADS actuation. Case 1
depressurization tires range f rom 6-10 minutes depending on plant size
and ADS capacity. Case 2 depressurization times range f rom 15-20
minutes. The Case 1 depressurization gives the results of an
intermediate time between the present design and an unacceptable long
core uncovery time. The Case 2 depressurization produced an,,

undesirably long core uncovery time thus bounding the possible increase
in depressurization times. These modes were achieved by opening a
rduced number of relief valves.

Care Cooling Capability

Examination of the reduced depressurization rates under consideration
with respect to core cooling concerns shows that:

O
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1. Case 1 Depressurization

A. When actuated at the same level as the full ADS case,
vessel depressurization for a Case 1 blowdown will result
in less vessel inventory at the time of ECCS injection and
can result in longer periods of core uncovery.

B. When actuated considerably earlier than at the ADS
initiation setpoint, vessel depressurization for a Case i
blowdown can result in some improvement in core cooling.
However, the operator is rsquired to act more quickly in
these cases (i.e., within 1-6 minutes after the
accident). This earlier depressurization also reduces the
time available to start high pressure system injection and
hence to avoid the need for manual depressurization. It

also increases the frequency of depressurizations.

2. Case 2 Depressurization-

Vessel depressurization for a Case 2 blowdown causes the core
to be uncovered for a lengthy period of time even assuming

() system initiation at the earliest reasonable time.

Vessel Integrity

Examination of the reduced depressurization rates under consideration
with respect to vessel integrity shows that the fatigue usage for the
vessel or core support structures is not significantly different for
fast and slow blowdown events. Available pressure vessel fatigue
analyses show the usage per event to be < 0.1 per full ADS event.

In summary, reactor vessel and core support structure integrity is
assured for the blowdown rates considered if an ADS event should occur,
and reduced rates of depressurization do not significantly decrease
fatigue usage.

Conclusion

The cases considered show that no appreciable improvement can be gained
by a slower depressurization based on core cooling considerations. A
significantly slower depressurization rate will result in increased
core uncovered time. A moderate decrease in the depressurization rate
necessitates an earlier actuation time resulting in less time available
for operator action to start high pressure ECCS without significant
benefit to vessel fatigue usage. This will also result in an increased
frequency of ADS actuation.

() Full ADS blowdown is well within the design basis of the reactor
pressure vessel and ADS is properly designed to minimize the threat to
core cooling. Because ADS is not expected to occur more.than once per
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plant lifetime as a backup for HPCS, no change in the depressurization
rate is necessary.

O

,

|

1

0
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10 CFR 50.34(e)(2)(1) LONG-TERM TRAINING SIMULATOR UPGRADE

NRC POSITION:

(2) To satisfy the following requirement, the application shall
provide sufficient information to demonstrate that the required
actions will be satisfactorily completed by the operating license
stage. This information is of the type customarily required to
satisfy 10 CFR 50.35(a)(2) or to address unresolved generic
safety issues. (NUREG-0718, Category 4),

(1) Provide simulator capability that correctly models the
control room and includes the capability to simulate
small-break LOCA's. (Applicable to construction permit
applicants only). (NUREG-0718, I.A.4.2)

PSO RESPONSE:

Introduction

Operator training programs should emphasize the basic principles of
reactor operation under transient and accident conditions so that
during such conditions appropriate corrective measures can be taken
expeditiously to prevent onset of core damage. A training program

O aeeiseea te meet thie e63ective reaeire exte eive e er e e 11- cePe
*

simulator which closely codels the plant and correctly demonstrates
plant reactions to various size loss of coolant accidents (LOCA). PSO
is committed to such a training program. The BFS training program for
licensed operators, non-licensed operators, engineers, and technicians
will be scheduled and implemented to support startup and operation of
Black Fox Station. Table (2)(1)-1 provides a projected manpower

.

schedule to support operator training and assignment. The training '

program will meet the requirements of the following documents:

10 CFR Part 55, Operator Licenses

Regulatory Guide 1.149, Nuclear Power Plant Simulators for Use
in Operator Training

ANS 3.1, 4/10/81, Standard for Qualification and Training of
Personnel for Ibclear Power Plants

Simulator Commitment

PS0 has long been committed to ensuring that a simulator referenced to
the Black Fox Station will be available to trein operators, technicians
and engineers for BFS. In 1976 PS0 and General Electric Company
undertook to develop a full-scope simulator to duplicate the Black Fox
Station control rocm primary operator interface. The Black Fox
Simulator has been in operation since October, 1979 at the General

V Electric BWR/6 Training Center, located near the BFS site,
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PS0 cade the necessary commitment of resources to support the simulator
development. At an early stage, balance of plant (BOP) engineering
design work was authorized to ensure the most accurate information was
included in the si=ulator model and panel layout. Black & Veatch and
PS0 engineers used a full scale mockup to integrate the BOP design in
with the Nuclear Steam Supply System design. A PS0 representative was
assigned to Ce.neral Electric for one year to participate in simulator
verification, procedure preparation, training software development,
senior reactor operator certification, and operator class instruction.
This arrangement provided the training center staff with an interface
for obtaining the BOP design information necessary to produce course
material, while at the came time allowing PSO to closely monitor the
progress of simulator development.

Simulator Model Capability

The Black Fox Simulator was designed to correctly model the BFS Plant
and its control room. >bdifications will be made to the simulator to
increase training effectiveness as required, and update the simulator
as required by ANSI /ANS-3.5, 1981 to reflect plant design changes.

The Black Fox Simulator has the capability to simulate various size g
loss of coolant accidents, including small-break LOCA's. Software W
flexibility allows for future expansion of transient simulation if
deemed necessary.

During the presentation of a simulater training exercise, the evolution
in progress may be suspended, terminated, or selected malfunctions
activated according to a planned training schedule. Up to fif teen (15)

separate malfunctions may be activated simultaneously to assist in
skills development associated with recognizing, prioritizing and
responding to cultiple failures.

The Black Fox simulator design includes 121 generic plant malfunctions,
ranging from small isolated equipment failures up to and including the
design basis loss of coolant accident. Fifty-three of the 121
malfunctions are provided with multiple initiation inputs which
represent common failure modes for redundant components. An
annunciator malfunction is provided with the capability to activate any
of the assigned annunciators independent of other malfunctions or
operating modes. A suf ficient number of =alfunction spares have been
provided for future expansion. All malfunctions required by
ANS I/A NS-3. 5, 1981 are simulated with two exceptions. One exception is
the less of service water or cooling to individual components. This
malfunction will be added to the simulator. The other exception is
steam generator tube leaks which are not applicable to the BWR-6.

A simulated initial condition (IC) established for each major training ||h
evolution is activated by selecting any one of twenty-six (26)
pre-established IC modes. The pre-established Black Fox Simulator
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initial conditions are representative of plant operating conditions
including beginning, middle, and end of core life. Beginning of core
life is utilized as the basic IC. All other simulation modes were
established from this condition based upon real time operation of the
simulated Black Fox Plant.

Eight additional modes are provided for " snapshot" initialization
enabling instantaneous establishment of an initial set of plant
conditions recorded at the time of the " snapshot." Provisions also
exist for two " setback" modes which will re-establish the simulator
operating conditions from one to ten minutes prior to the initiation of
the " setback" feature.

Simulator Model Verification

To ensure the Black Fox Simulator correctly resembled and modeled the
BLtek Fox Station, several phases of acceptance testing took place. As
part of the Black Fox Simulator acceptance procedure, a comparison of
simulator response was made with analyzed transients reported in the
BWR/6 Transient Analysis and with recent startup test results from a
comparable sized BWR/S plant. The operational transients considered in

hg the report to the NRC were chosen to be representative of the
transients reported in the Black Fox Station PSAR and sufficiently
diversified to effectively illustrate the operational characteristics
of the Black Fox Simulator. Initial test conditions were established|

I on the simulator to closely approximate the initial condition of the
reference transient analysis or startup test. The results of the,

simulator verification process proved that the simulator performance
not only agreed with the BWR/6 Transient Analysis and the BWR/5 startup
data but also presented the operator with quantitative values of plant
parameters within the tolerances specified in ANSI /ANS-3.5,1981.

In December, 1979 General Electric Company submitted a description of
the Black Fox Simulator, its acceptance test results, and the "BWR/6
Integrated Operator Training Program" to the Operator Licensing Branch
(OLB) of the NRC. Following review of this material, OLB
representatives were sent to observe the simulator in operation. As a
result, in April, 1980 OLB notified General Electric by letter
approving the use of the Black Fox Simulator in USNRC license related
training programs. This letter stated, in addition, that the OLB was
" impressed with the quality and degree of simulation."

An on-going program exists at the BWR/6 Training Center to identify and
correct deficiencies in both Black Fox Simulator hardware and
software. In conjunction with the control room review (NUREG-0718,
Rev. 1, Issue /?)(iii)) PSO personnel will further verify the model's
accuracy as welt as identify modifications that will be needed toe

duplicate the as-tuilt plant design.

41 19-111381



)

PSO RESPONSE: 10 CFR 50.34(e)(2)(1)

Simulator Description

The Black Fox Simulator consists of a General Electric NUCLEUET-1000*
Control Complex and supportive control room panels plus a
computer / software system modeling the expected dynamic response of the
reference Black Fox Nuclear Power Station.

With the simulator designed to reflect an identical outward appearance
and dynamic function, the operator trainees will realistically
experience all modes of reactor operation, normal and degraded, as
conducted from the control room of the reference plant. Relay racks
and backrow benchboards are not included in the physical makeup of the
simulator control room although related component and system functions
are modeled by the computer software. An exception to this is the
inclusion of selected panels housing controls and instrumentation for
the Off-Gas System, Containmeut Atmospheric Monitoring, Standby Gas
Treatment, and Nuclear Instrumentation Systems.

A SEL 32/55 model ecmputer serves as the control and simulation
subsystem for the Slack Fox Simulator. The computer /sof tware system
calculates plant parameters corresponding to selected operating
conditions, displays these parameters on appropriate instrumentation, g
and provides proper alarm and/or protective system action when W
predetermined limits are approached or exceeded. The Reactor, Turbine
Generator, Auxiliary Systems and other equipment external to the
control room are represented by mathematical models programmed to
operate continuously, and in real time. Peripheral systems are
simulated to the degree required to provide realistic control room
instrument indication.

The simulator duplicates in real time system failures and
malfunctions. Changes in system status which would be initiated by the
actions of an in-plant equipment attendant are also simulated. The
Simulator can process multiple malfunctions as passive failures
awaiting actuation, failures which are currently active, and failures
to be deactivated. Once initiated, the simulated malfunction (s)
results in the same sequence of events that would occur in the
reference plant.

Panel Description

The Black Fox Simulator consists of thirteen control panels arranged in
a configuration as illustrated by Figure ( 2) (1)- 1.

Dupiicating the primary control room interface are the following front
row panels:

NUCLENET* Control Console (P680) |||
Standby Information Panel (P678)
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;

Supervisory Monitoring Console (P679)

Reactor Core Cooling Benchboard (P601)
i

Diesel Generator Benchboard (P877)

Balance of Plant Control Benchboard (P870)

Auxiliary Electric Panel (P800)
*

To provide additional training capability on systems important to
control room operations are the following back row panels:

Nuclear Instrumentatian Panel (P880)

i Containment Atmospheric Monitoring Panel (P639)

Off Gas System Panel (P845)

Division 2 Standby Cas Treatment System Panel (P847)

() Division 1 Standby Gas Treatment System Panel (P848)

The Instructor's Console is unique to the training application and is,

: not part of the Black Fox Station control room configuration.

Details concerning panel layout, functional placement, and design
philosophy are provided in the PS0 response to Requirement (2) (111) .

Summary

P50 has and will continue to demonstrate its commitment to a superior
; training program with extensive use of a high-fidelity, full-scope

simulator. PS0 will ensure that sufficient quality and quantity of
simulator instruction will be made available to maintain safe and
competent operations and support staffs for Black Fox Station,

i

t

i C)
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TABLE '(2) (1)-1
PROJECTED MANF0WER SCHEDULE.TO
SUPPORT TRAINING AND ASSIG tiENT

Cumulative
Cumulative SRO and RO

Year Operations Staff Certifications

1983 (CP) 5 0

1984 7 0

1985 28 0

1986 40 0

1987 57 8

1988 115 16

1989 200 24 19

1990 265 36

U
1991 (FL/C0 Unit 1) 300 44

1992 335 52.

1993 382 . 60

1994 (FL/C0 Unit 2) 450 60

CP: Receipt of Construction Permit
FL: Fue1 Ioad
CO: Commercial Operation

Assume: CP 1983
Construction Start 1984
Unit 1 Operational 1991
Unit 2 Operational 1994

0
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10 CFR 50.34(e)(2)(ii) LONG-TERM PROGRAM PLAN FOR UPGRADING OF PROCEDURES

NRC POSITION:

(2) To satisfy the following requirement, the application shall
~

previde suf ficient information to demonstrate that the required
actions will be satisfactorily completed by the operating license
stage. This information is of the type customarily required to
satisfy 10 CFR 50.35(a)(2) or to address unresolved generic
safety issues. (NUREG-0718, Category 4)

(ii) Establish a program, to begin during conattaction and
follow into operation, for integrating and e;tpanding
current efforts to improve plant procedures. The scope of
the program shall include emergency procedures, reliability
analyses, human factors engineering, crisis manageaent,
operator training, and coordination with INPO and other
industry efforts. (NUREG-0718, I.C.9)

PSO RESPONSE:.

Introduction

It was concluded by various reviews and evaluations performed by the,,

() NRC and others of the TMI-2 accident and industry practice generally
that more attention and care should be devoted to writing, reviewing,
and monitoring plant procedures. As a result of this concern, the NRC
Staff has required construction permit applicants to establish a
continuous program to improve plant procedures.

Program Commitment

A detailed program governing the preparation, review, and revision of
Black Fox Station procedures will be devaloped to support the
commencement of procedure preparation three years prior to fuel load.
The procedure development program will provide mechanisms to
incorporate the results of industry and regulatory experiences
pertaining to emergency procedures, reliability analysis, human f actors
engineering, crisis management, operator training, and plant operations
into Black Fox Station procedure development. The procedure
development program will be an on-going program, beginning during
construction and continuing throughout the life of the plant.

Description of Program

The Station Manager will designate a senior BFS staff member to be
responsible for development and execution of the program. This
individual will be provided with the necessary resources and personnel
to effectively accomplish these tasks. Personnel with experience in

(~N, the appropriate technical discipline will develop procedures according
\_/ to strict guidelines. Licensed or certified reactor operators will

participate in the review and verification of operation-oriented
procedures. All other procedures will be reviewed by the plant
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departments whose activities are governed by those procedures. Plant
procedures will be reviewed, as applicable with regard to safety, fire
protection, quality control, environmental control, and ALARA. The
Plant Operations Review Committee, consisting of the Station
Superintendent and the plant department supervisors, will review all
procedure drafts and changes which may affect nuclear safety. The PS0
Review and Audit Committee will review proposed changes to procedures
which involve "unreviewed safety questions" as defined in 10 CFR
Section 50.59.

Preliminarv Activities

PS0 has already established resources for development of high quality
plant procedures for BFS. The General Electric procedures used for the
Black Fox simulator are available to PSO. Theca simulator procedures
serve as a basis from which control room procedures will evolve. A PSO
representative was temporarily assigned to the General Electric BWR-6
Training Center to participate in the initial review and verification
of the simulator procedures.

In conjunction with the control room review (Issue (2)(111)), PS0
personnel have begun an in-depth review and revision of all the Black
Fox Simulator procedurec. This project will not only enhance operator ||h
training on the simulator, but will also improve the starting base for
preparing the station procedures. Human factors engineering,
reliabili:y analysis, operator training, and industry operating
experience will be applied throughout the review. Guidelines published
by the Electric Power Research Institute (EPRI), Nuclear Safety
Analysis Center (NSAC), Institute for Nuclear Power Operations (INP0),
and the thelear Regulatory Commisssion (NRC) will be referenced, as
applicable, during the simulator procedure review. Genarie emergency
procedure guidclines will be used to draft Black Fox specific
symptor-oriented procedures.

Another example of PSO's early interest in procedure development is
reflected in the meetings that were held at NASA's Johnson Space
Center, a i:30 management team reviewing the lessons of the TMI-2
accident as applied to BFS met with project managers of the Space
Shuttle Program to examine t' e NASA appecach to managing a complex
project organization. Particular emphasis was placed on the
system-oriented procedures used by the flight crew and mission control
operators. The techniques applied to the NASA procedures will be
reviewed for applicability to BFS procedures.

Conclusion

PS0 has been and will remain committed to havicg thorough, technically
correct, clear, and concise station procedures, The BFS procedure g
development program will establish a systematiu an-going effort to W
improve plant procedures prior to and during plant operation. A
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detailed description of the procedure development program will be
presented in the Black Fox Station FSAR.

!

.

i

O

.
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10 CFR 50.34(e)(2)(iii) CONTROL ROOM DESIGN REVIEWS

NRC POSITION:

(2) To ser,isfy the following requirement, the application shall
provide sufficient information to demonstrate that the required
actions will be' satisfactorily completed by the operating license
stage. This information is cf the type customarily required to
satisfy 10 CFR 50.35(a)(2) or to address unresolved generic safety
issces. (NUREG-0718, Category 4)

(iii) Egovide, for Commission review, a control room design that
reflects state-of-the-art human factor principles prior to
committir:g to fabrication or revision of fabricated control
room panets and layouts. During a general meeting between
the NRC Staff and the near-term construction permit
applicants on April 8,1981, the NRC Staff stated that the
words "'a control room design reflects state-of-the-art
human f setor principles.. . ' means, an advanced design L

control room utilizing CRTs and camputers. having been
designed af ter a full system analysis in accordance with
Appendix B of NUREG-0659, and having had all human factors
engineering deficiencies, as described in NUREG-0700,
corrected." Subsequently NUREG-0659 was superseded by the '

/( ) issuance of NUREG-0700; however, Appendix B was transferred 19
'

intact from NUREG-0659 to NUREG-0700. (NUREG-0718, I.D.1)

PSO RESPONSE:,

Introduction

The operators of Three Mile Island, Unit 2 (TMI-2) had difficulty in
recognizing and dealing with the accident, in part due to less than
adequate control room design. One of the main findings of the various
lessons learned documer.ts was that human facto-s should be considered in
the design of nuclear power plant control rooms, to ensure that the
operator can effectively monitor the operation of the plant safety
systems. This Requirement delineates the actions to be taken by
construction permit applicants to allow the NRC to review the proposed
design prior to fabrication *f centrol room panels.

19The NRC Staff has published guidance for meeting this Requirement. The
guidance published to date includes NUREG/CR-1580, " Human Engineering
Guide to Control Room Evaluation," which was an interim guide for
evaluation of control reems, and NUREG-0659, " Staff Supplement to the
Draf t Report on Human Engineering Guide to Control Room Evaluation,"
which reflects a thorough es luation of comments made on NUREG-1580, and
incorporation of guidance fe 'ntrol room design. The current document
is NUREG-0700, " Guidelines rol Room Design Review," which 19

gs supersedes NUREG/CR-1580 ar 0659.
t.)
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Summa ry

PS0 has bean aware of the importance of human factors engineering
application to control room designs since the inception of the Black Fox
Station (BFS) Project. This concern was a major facter in the selection
of the General Electric Company (GE) NUCLENET* 1000 Control Complex for
BFS (* denotes General Electric Company trademark). During the
development of NUCLENET*, GE established a design appro2ch for the
man / machine interface that is almost identical to that cantained in
NUREG-06%4 Following the selection of NUCLENET*, PSO and Black &
Veatch Consult tcg Engineers (B&V), the architect engineer responsible
for the balance of plant design, reviewed and acelyzed the design, for
proper interfacing of the Lalance of plant controls and instrumentation
in the overall control room complex. Extensive design coordination
between PSO, B&V, and GE took place during the development of the
overall control room design for BFS. This review and ccordination
included human factors engineering.

The following parts of the response to this Requirement demonstrate
that:

1. The process used by GE in developing NUCLENET* paralleled the
guidsace presented in NUREG-0700. I-

2. The PSO, GE, and B&V review of NUCLENET* and the balance of plant
coordination also included application of human factors engineering
principles.

3. PSO commits to a control room evaluation plan which will meet the
guidance in NUREG-0700. 19

This response demonstrates that PSO is committed to providing a control
room design for BFS that reflects state-of-the-art human factor
principles. The final panel insert design, consisting of insert
location and arrangement drawings including changes made as a result of
the final control room evaluation report, will be provided to the NRC
for review prior to panel insert fabrication.

I. SYSTEMS /0PERATING ANALYSIS TECHNIOUES USED IN CONTROL ROOM DE3IGN

A. INTRODUCTION

NUCLENET* as an advanced, generic control room design, was
developed with the same methodology as that set out in Appendix
B to NUREG-0700. This process, similar to the systems / 19
operations analysis process presented in military specification
MIL-H-46855, included an analysis of all functions necessary ;o
operate the plant safely, an allocation of functions between ggg
operator and machine, and a qualitative verification of the
functional allocation.
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G.E. assembled a team to design the NUCLENET* 1000 Control
Complex which included expertise int controls and control
systems design, computer technology, industrial design, operator
training, power plant test and operations, and behavioral
science.

The premise upon which the design is based is that optimum
control is achieved when there is an allocation of control
functions between the operator and machine which recognize that
each performs certain functions better than the other, and that,
once the allocation is made, the design permits efficient and
effective manipulation of controls by the operator.

NUREG-0700 was prepared by the NRC Staff and incorporates 19
guidelines, provides sample checklists and corresponding human ,

engineering guidelines and acceptability criteria for analyzing
operator-control room interfaces, draft systems review,
guidelines, and a discussion of the Staff's planned procedsres
for reviewing and evaluating licensee control room, design rev.iew
reports. -

,

() The objective of Appendix B to NUREG-0700 is to describe the 19

systems / operations analysis which the NRC Staff belf eves is an
acceptable approach to control room design. The technique

,

systematically defines the equipment, personnel, and procedural
data requirements to meet all functional objectives of the,
control room, including safe operation of the plant. The next
review step is to compare the planned control room with the
design requirements.

A systems approach for developing control room design
requirements may be charact.erized as a three-step process. The
three steps are functional analysis, functional allocation, and

19verification of allocation. As stated in NUREG-0700 Appendix B,
the purpose of functional analysis is to define all the
functions required to operate the plant. The top-level
function, safe production of electrical power, is the objective
of the total nuclear power plant.

One second-level function is nuclear power plant operation,
which includes all control room functions. A third-level
function is to prevent / mitigate unsafe plant operation. This
function consists of many fourth-level functions, such as the
shutdown of critical core operation prior to/at the threshold of
unsafe operation. Subsequently, fifth-level functions include
insertion of sufficient negative reactivity to result in the

O- shutdown of critical core operation, and monitoring to assess
the execution and completeness of the shutdown.

>
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The next step in the development of control room design
requirements is the allocation of functions to operator or
machine. The basia of the allocation is anticipated performance
of the operator er the machine in the implementation of the
function. The anticipated performance is based on actions in
which humans excel, such as the ability to exercise judgment
where events cannot be completely defined, and on actions in
which machines excel, such as carrying out many tasks
s imultaneously . Functional allocation based en anticipated
performance of the operator or the machine is preferred. When
problema are encountered in verification and validation of
functional allocation, it may be necessary to revert to the
allocution step to resolve the issue.

The lost major step in the development of control room design
reqcirements is verifying functional allocation and validating
functional integration. All functions allocated to the control
room operating crew should be executable from the control room.
Verifying these allocations consists of a series of analyses to
ensure that the operator is not overloaded in terms of work and
that tasks can be correctly executed. Properly implemented,
these analyses will result in optimal utilization of time and
space at the human-machine interface, thereby establishing the
detailed design requirements for work stations and operator / crew
member performance. Upon completing the process of verifying
that each system will perform its assigned function, the next
effort is to validate the total design to ensure the successful
integration of all functions.

The following discussion parallels the format of NUREG-0700, 19

Appendix B and describes how the NUCLENET* design effort
corresponds to the recommendations outlined in that document.

B. FUNCTIONAL ANALYSIS

1. Definition of Objectives

An essential step in the methodology was to define and
evaluate the functions and actions to be performed in
meeting system objectives. In determining these functions,
it was essential to first identity the many activities
necessary to operate the plant safely, under both normal and
abnormal conditions.

2. Definition of Functicns

Once having identified these activities, the next step was
to combine activities under functional groopings, chosen in
such a manner that they would be both understandable to the ggg
operator and allocated and distributed in such it way to
permit effective operator action.

52 19-111381
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a. Design Functional Groups

For nornal operation the activities were grouped under
the following functions:

(1) Provide and maintain normal core coolant

(2) Control reactivity
.

(3) Monitor performance of the core

(4) Control reactor pressure

(5) Utilize steam for power conversion

(6) Convert m2chanical power to' electrical power

The above functional grouping is very similar to those
listed in Appendix B to NUREG-0659'(p. 3-15) which are:

(1) . Nuclear reactor reactivity control

O'
(2) Reactor core cooling '

(3)--Reactor coolant systems integrity

(4) Primary reactor containment integrity .

(5) Radioactive effluent control

(6) Power generation

(7) Power transmission

b. Operational Conditions Considered

More detailed identification of plant system control
functions has been made by considering operational'

situations and events that will or may confront
operators in the Control Complex. The operational
situations and events considered consist of:

(1) All events required to be assessed by Section 15,
" Accident Analyses," of the BFS PSAR

(2) Normal operation of the plant

. O)
!

( (3) Failures in systems, subsystems, and components,
i and human errors
|

|
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(4) Anticipated operational occurrences, including

startup and shutdown of the plant

(5) Task Action Plan I.C.1, NUREG-0660 and NUREG-0737
(although these documents did not exist during the
initial BFS design process, the documents have been
reviewed and a determination made that no design

conflicts exist)

3. Decision /Information Requirements

For each significant activity within a functional group, a
display was developed which measured each activity against
criteria which indicated the type of information essential
for making decisions regarding the man-machine interface.

a. Design Objectives

Human factor engineering design objectives were also
developed to reflect the goals to be achieved in a new
Control Complex design. These objectives are:

g(1) Provide a more efficient, coordinated control of
the BWR than that attained with a conventional
control room.

(2) Integrate planned operation functions for steam
supply and power conversion systems into a single
operator station.

(3) Improve operator response time and reduce operator
errors by determining the optimum quantity of data
and number of display devices which :he operator
must continuously survey, analyze and comprehend.

(4) Improve operator performance requirements by
determining how best to centralize and integrate an
optimum number of control devices which the
operator must manipulate.

(5) Incorporate efficient hardware and sof tware
display techniques in order to present timely,
useful information which is meaningful to the
operator.

(6) Provide for factory testing and evaluation of the
entire Control Complex.

O
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b. Design Criteria4

The following design criteria were developed to achieve
the design objectives:

(1) Functions in the Control Complex shall be assigned
to three types of panels:

(a) Primary Operator Interface panels (sometimes
referred to es Front Row panels)

(b) Secondary Operator Interface panels
(sometimes referred to as Second Row panels)

(c) Back Row panels

(2) Major power generation systems shall be integrated
for planned operations to centralize and minimize
the primary operator interface by:

(a) Separating the operator's short response() functions from the long response functions

(b) Making frequently used functions and normal
reactivity controls readily accessible from
or at the operator's normal duty station

(c) Providing a Display Control System for .,

bringing operational data to the operator.

(3) The planned operating functions of the core
standby cooling systems shall remain integral with
the appropriate cooling system, and their direct
support systems in order that the design of the
benchboard used for operator interface with these
engineered safety features shall not affect
licensability of the Control Complex.

.

(4) Integration of the Nuclear Steam Supply and
Balance of Plant functions shall not degrade the
capability for power generation.

4. Functional Integration and Interactions

The relationships and interactions between control functions
have been definad and evaluated to ensure tha+ all plant

'
operations and safety objectives can be achieved. These

u E relationships and interactions provide a basis for the
*

development of Control Complex design requirements, and, can
serve for future design modifications if necessary.

!

i
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a. Human Factors Application

(1) The arrangement of panels shall ensure that each
panel defined as primary operator interface will
have control, display, and ennunciator areas
visible to an operator from his normal duty
:s ta tion.

(2) The distance from the operator's normal duty
station to the most remotely located function on a
primary operator interface panel shall not exceed
30 walking-line feet.

(3) Normal operatiors functions shall be placed within
the reach span of a single operator without
compromising the integrity of those systems having
multifunctional capability.

(4) Alipn each system's information devices and
controls vertically, with information devices above
controls.

(5) Align system's operations horizontally, or
vertically in the order of the flow path.

,

(6) Arrange ecntrol functions in an array which is
meaningful to the operator. Provide mimic of
complex control systems representing the system's
process flow and component orientation as an aid to
the operator's job performance.

(7) Maintain system functional integrity in the
human-tachine interface to aid operator's
comprehension of process behavior.

(8) Use miniature devices for centrols without
sacrificing safety or reliability.

(9) Provide a Display Control System which presents
normal operations information in pre-defined
formats, determined by operational analyses, as
well as presenting Alarm Initiated Displays (AID).
Incorporate: Color and Shape Coding.

(10) Display by exception, where too much information
is not meaningful to the operator and could cause
sensory overload. gg

(11) Provide means for power variation and safe
shutdown in the event of catastrophic failure of

56 19-111381,
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the Display Control System, yet maximize its
availability (f 99.5%).

!
4 C. ALLOCATION OF FUNCTIONS

1. Selection of Vital Systems

A systems analysis was conducted to determine which systems
vital to operation of the plant could be controllel from the
single . operator statica, designed to be the primary operator
interface with the control of the plant. It was determined
that these systems (defined as Systen Groups) were:-

a. Reactor Water Cleanup System

b. Condensate Pumping System

c. Feedwater Pumping and Reactor Level Contru System
,

4. Reactor Recirculation System
s

O e- aed centret ana 1nformation Svetem

f. Neutron Monitoring System

j g. Steam Bypass and Pressure Regulator System

h. Main Turbine Control System

1. Generator Control' System

; 2. Allocation Categories

; Human factors engineering principles and criteria were used
to evaluate human-machine interfaces in analyzing
performance requirements for plant control functions and for
the allocation of functions to categorize these nine
systems. Allocation categories consisted of:

a. Automatic Operation-by Plant Systems Equipment

b. Manual Operation by Control Room Oparators

c. Combination of a. and b. above

3. Capability and Limitation Factors

- The design evaluation allocation criteria considered the
capabilities and limitations of the operator (s) and systems,
along with cost-benefit considerations of automating in
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those instances where the operator and system could perform
a given task approximately equally well. Factors comparable
to those listed in Exhibit B-3 of Appendix B to NUREG-0700 | 19
were used in making the allocation of functions.

a. Operator Processing Capabilities

Plausible human roles of operators and supervisors
(e.g. , control manipulator, instrument monitor,
supervisor, decision maker, communicator, coordinator)
have been defined. Qualitative information processing
capability in terms of load, accuracy, rate, and time
delay have been prepared for each operator / supervisor
information processing function.

b. System Processing Capabilities

Plausible system roles of Control Complex equipment
(automatic control of reactor power level, reactor trip
system, engineered safety feature) have been defined.
Information processing capabilities and control function
response times of control systems equipment have been
defined considering load, accuracy, rate, and time delay
for processing and response. ||h

c. Responsibility for Plant Safety

The overall responsibility for the top-level assessment
of plant operating and safety status has been allocated
to the human operator (s). The rationale for thi's
allocation is based on the cognitive abilities of
humans, which cannot be duplicated by a machine. The
information requirements to exercise this responsibility
determine methods for transfer of plant systems data and
information to the operator (s) in the Control Complex.

4. Results of Allocation

A summary description of the allocation of System Group
functions follows:

a. Reactor Water Cleanup System

This system is operated manually. This is an instance
where the operator or machine can perform approximately
equally well, and the system objective is achieved by
manual operation. This operation does not overload the
operator, and it was not cost-beneficial to automate.

O
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b. Condensate Pumping System

This system is primarily manual. The operator must
reach a decision on when and how much water to pump.
The decision is based on the operator's. ability to
observe a wide variety of stimuli and to reach a
judgment based on those observations. This is an
activity in Which the operator is superior to the
machine. Once the operator takes the manual action,
other actions in the system are carried out
automatically, such as maintaining the hot well water
leve.. The automatic operation is best suited to the
machine.

c. Feedwater Pumping and Reactor Level Control System

During power operation this system operates
automatically since its function is to monitor and
perform the routine task of maintaining proper reactor
water level.

() d. Reactor Recirculation System

This system can be operated semi-automatically or
manually, and is another example of approximately equal
capability between the operator and the machine to
perform a task. Manual operation, When used, does not
overload the operator.

e. Rod Control and Information System

The operator manually initiates the action for operation
of this system, based on a judgment of when it should be
operated. This judgment is reached after considering a
wide variety of information, a task in which the
operator excels. Once control action is initiated by
the operator, the system functions automatically to
ensure rods do not exceed established limits while being
withdrawn. This automatic function is ideal for the
machine. The portion of the Rod Control and Information
System (RCIS) which controls Control Rod sequences and
patterns during startup, shutdown and power operation,
namely the Rod Pattern Control System, is not initiated
by the operator. This system is a hard wired scheme for
which the operator has limited bypassing ability for a
limited nunber of control rods.

f~)V
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f. Nsutron Fbnitoring System

The operator must insert and withdraw Intermediate Range
Monitors (IRM) and Source Range Monitors (SRM) during
startup and shutdown. Also during these phases of
operation the operator must change IRM ranges. Once the
limits within Which this system must operate are
established by the operator, the system perfor=s its
monitoring functions automatically. This is a
monitoring function in which machines excel.

g. Steam Bypass and Pressure Regulator System

The operator sets the limits appropriate for the phase
of operation, and the system operates automatically
within those limits.

h. Main Turbine Control System

This system combines manual and automatic operation.
The operator manually initiates system operation; the
system then operates automatically up to predetermined
hold points, to permit the operator to monitor the (|)system's performance and reach a judgment on whether
automatic operation should be continued to the next hold
point. This system thus combines the most desirable
aspects of operator and machine control.

1. Generator Control System

Synchronizing of the unit could be operated
approximately equally well either manually or
automatically. Manual operation was chosen as
preserving the greatest flexibility for integrating
balance of plant controls for this system into the
Control Complex. Load control is automatically within |,

the limits of the Reactor Recirculation Control. I

j. Safety Systems

There are other systems essential to safe operation
which are not included in plant control, such as High
Pressure Core Spray System, Residual Heat Removal System
and most other safety systems. Since NRC requirements
dictated that the :e systems operate automatically, an
allocation of functions was not performed for these
systems except for those used for surveillance testing
and manual intervention.

O
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k. Balance of Plant Systems

The systems on the BOP Control Benchbeard, including
Turbine Generator Lube Oil, Steam Supply and Drains,
Circulating Water, Condenser Off-Gas and Condensate and
Feedwater auxiliary systems, are long-response systems.
Most are manually initiated during startup then operate
automatically.

D. VERIFICATION OF FUNCTIONAL ALLOCATION

The verification of functional allocation is a detailed
assessment and analysis of each allocation to ensure that the
correct functional allocation has been made. The verification
of functional allocation defines the design requirements and
specifications for the systems required by the Control Complex
as well as the specifications for quantity of operators, for the
interface between operators and a system, for the operational
procedures (including emergency procedures), and for maintenance
requirements.

<s
(_) 1. Verification of Functions Allocated to Machines

For each system function allocated to a machine, the
performance requirements of the system, or equipment to
execute the function, have been defined. The performance
requirement considers such characteristics as response time,
accuracy, reliability, and operator interface ar display
requirements. Points regarding the design of Control
Complex systems are:

a. Display Systems

The design requirements for display systems consider
established design criteria. Furthermore, the design
requirements for display systems contain criteria to
display signals that directly and accurately reflect the
information to be transferred to the operator. These
signals are to the extent practicable a direct
measurement of the desired variable. Displayed
parameters are selected from which the operator can
determine if the systems are performing their design
fenetions or are responding to operator commands.

b. Control Systems

( ') The design of control systems considers the design
''

criteria presented in Appendix A of 10 CFR 50: General
Design Criteria 13 and 19 through 29. Utilizing this
analysis data and the design criteria previously
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described, primary and secondary operator interface
panels were defined.

(1) The primary operator interface panels include:

(a) hTCLEhT.T* Control Console (P680)

(b) Standby Information Panel (P678)

(c) Reactor Core Cooling Benchboard (P601)

(d) Diesel Generator Benchboard (P877)

(e) BOP Control Benchboard (P870)

(f) Auxiliary Electric Panel (P800)

(g) Meteorological Infornation and (P900)
Dose Assesscent Panel

(h) Security / Fire Protection Panel (P901)
O

(1) Supervisory Monitoring Console (P679)

(2) The secondary operator interface includes all
other panels on which are located controls or
displays which cust be overtly employed by the
operator, as opposed to the maintainer.

2. Function Placement

The design criteria were then applied to the operator
interface panels,

a. hTCLENET* Control Console (P680)

(1) Normal (af ter prestart) plant operations functions

(2) Short response functions

(3) Frequently used and/or reactivity controls

(4) Reactor Protection System operator interface

Note 1: Only non-divisicnal systems related to
(1), (2), and (3) above, ucept Nuclear
Steam Supply Shutoff System manual g
initiation at system level.

No te 0 : Exclude functions not related to above.
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b. Standby Information Panel (P678)

(1) Support information of the Display Control System

(2) No process control ~

c. Reactor Core Cooling Benchboard (P601)

(1) NSS safety systems

(2) NSS long response functions

(3) Standard design with no licensing impact

(4) Maintained divisional integrity

d. Diesel Generator Benchboard (P877)

(1) Safety related diesel generators (Divisions 1 & 2)

(2) Support systems for (1)
O^

(3) Maintained divisional integrity

e. B0P Control Benchboard (P870)

(1) BOP long response functions
;

,
(2) Non-frequent use functions

1

(3) Maintained divisional integrity
,

f. Auxiliary Electric Panel (P800)

(1) BOP auxiliary electric and power transmission
switchyard long response functions

(2) Non-f requent use functions

(3) Maintained divisional integrity

g. Meteorological Information and Dose Assessment Panel

(P900)

(1) Plcnt site meteorological indication

(2) Plant radiation and radioactivity indication

(3) No process control
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h. Security / Fire Protection System Panel (P901)

(1) Plant security and fire protection alarms and
indication

(2) No process control

1. Supervisory Monitoring Console (P679)

(1) Performance Monitoring System (PMS) interface

(2) No process control

With the Systems Groups assignment to panels determined,
the next step was to determine the order of placement of
those Systems Groups on the panels. Working on each panel
individually, applying the design criteria, a logical order
of placement of System Groups upon that panel was deduced.

3. Verification of Functions Allocated to Humans

a. Scope

The most critical portion of the analysis is the |||
verification of functions allocated to humans. Detailed
analysis of functions assigned to humans has determined
the suitability of the human-machine interface for the
performance of the assigned function. Evaluation of the
operator's workload has determined if operator overload
conditions axist. The product resulting from the

'

analysis of functions allocated to humans should
determine requirements for:

(1) Operator training

(2) Operating procedures

(3) Optimal Control Complex human-machine interface and
control room configuration

(4) Control Complex staffing.

b. Subfunction and Task Definition

For each function allocated to humans, all subfunctions
and tasks including cognitive tasks that must be
performed to achieve the function have bean defined and
arranged in sequence of performance. Manual tasks are
specific with regard to actions and information g
transfers from system to human required to complete the W
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task. The plant procedures used by the control room
operator have. been reviewed to determine that they
provide adequate guidance to perform the plant control
functions according to the allocation of functions.

c. Operator Task Analysis

Requirements for operator' tasks have been analyzed to
ensure that they do not exceed human capabilities. All
time-critical functions allocated to the operator have
been analyzed to define the time requirements needed to
successfully perform each task.

These analyses serve as the basis for specifying the
size of the operating crew required, the human
performance characteristics required for normal and
emergency operations, the operational procedures
required for abnormal and emergency operation, and the
training requirements for operators.

Based upon the data just derived, the anthropometric

(') data of the intended user population, and the criteria
previously stated, a full-scale mockup of the Primary
Operator Interface panels was constructed. Sheet
styrofoam was used to form the panels. The front-
surfaces representing the control and display areas were
covered with a material whose texture is compatible with
the use of " velcro" fasteners.

Systems analysis had determined, in meeting the systems
design objectives, which functions were allocated to the
operator and which were allocated to the control
system. The manner of implementation of those
allocations was yet to be tested.

The assumed control and display functional devices,
selected for consistency with the design criteria, were
photograph 1cally reproduced. Small pieces of " velcro"
fastener material were adhered to the backs of the
devices to permit their placement- (and rearrangement) on
the mockup.

The system's Operator Interface Devices were placed on
the Console and 'Benchboards in accordance with the
design criteria, and in the same order in which they
were selected for location on the panel. The devices

/~) were rearranged many times, to provide as nearly as
s_/ possible, the optimum operator orientation.

.
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d. Critical Task Analysis

System operational analyses were performed, by
simulating operation of each system, using system
operating procedures. The system operating procedures
used were those in effect in a plant having nearly
identical system (s) design.

Operational analysis was then performed for integrated
plant operation, using the plant procedures. As a
result of these analyses, device location and
arrangement were more nearly optimized.

A task analysis was conducted for those tasks and modes
of operation that are likely to have an adverse effect
on plant safety if not accomplished in accordance with
system requirements. These tasks are identified as
critical tasks. An analysis of critical tasks was done
to identify:

(1) information required by operator including cues for
task initiation

(2) information available to operator

(3) evaluation process

(4) decision reached after evaluation

(5) action taken

(6) body movements required by action taken

(7) workspace envelope required by action taken

(8) workspace available

(9) location and condition of work environment
|
'

(10) frequency and tolerances to action

(11) time base and time margins (time margins must be
adequate to cover variances in human responses)

(12) feedback informing operator of the adequacy of the
actions taken

(13) tools and equipment required

O
(14) number of personnel required, their specialty, and
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experience

(15) job aids or references. required

(16) communication required, including types of
communication

(17) special hazards involved

(18) Operator interaction where more than one operator
is involved

(19) operational limits of personnel (performance)

(20) operational limits of machines and systems

The critical task analysis also included analyzed
accident conditions.

During the operational analyses, careful notation was
made of the operator's information needs for each phase

('') of system operation. This data would be used to select
N> input variables to the Display Control System (DCS), and

to help assign the variables to the various system
formats. -The immediate use of the data, however, was as
a basis for assignment of hardwired, backup information
devices to the Standby Information Panel.

e. Work Station Design Analysis

For each work station in the Control Complex, the time
sequence of operator activities and the time required

; for information exchange or transfer to the operator has
been defined. The analysis verified that the operator
is capable of completing all tasks and that all tasks
are capable of being performed using the work station

|
design.

f. Operational Sequence Analysis

An analysis and evaluation of Control Complex sequences
of operations, flow of decisions, physical transmissions
of data and information, receipts of information,

,

i storage of information, monitoring of systems and
interactions among operational crew members, work6

stations, and systems has been conducted. The purpose
,

of the analysis was a validation of the Control Complex'

(') capability to successfully complete the intended
functions of the design, in both the time and space
domain.
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g. Workload Analysis

A workload analysis for all critical functions was
conducted to appraise the extent of the Control Complex
operator workloads. The analysis was based on the
sequential accumulation of task times. Application of
this technique permits an evaluation of the capability
of the Control Complex operator (s) to perform all
assigned tasks in the time required to maintain plant
safety.

The detailed workload analysis divided the operator's
tasks into categories corresponding to perceptual-motor
channels such as vision, left hand, right hand, feet,
cognition, auditory, and voice channels. The purpose of
this level of detail was to ensure that the operator is
not required to perform more than one task at a time if
two or more tasks require the simultaneous use of a
single perceptual-motor channel nearly 75 percent of the
time.

h. Human-Error Analysis

O
A human-error analysis was conducted for each
perceptual-motor channel workload of 75 percent or
greater as defined by the results of the workload
analysis.

The purpose of the human-error analysis was to
investigate the probability of error during high
workload conditions and to evaluate the consequences
resulting from these errors.

1. Work Station Link Analysis

A work station link analysis has been conducted for each
work station used by the operator to perform critical
tasks. The analysis defined the frequency and
criticality associated with each of the interactions
occurring between operator and equipment and/or between
one operator and another. The defined frequency and
criticality of the interactions are then used to
evaluate the design adequacy of the work station layout
in terms of time and space utilization. This analysis
achieves a near optimal design for the work station,
such as the spatial correlation of displays with
controls to provide the operator with feedback
information as required by General Design Criterion 13, g
Instrumentation and Control.
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j. Procedures Program Requirements

The measurement of human performance in accomplishing
the functions and tasks identified by the analyses
described above was not completed in the-generic design
phase. This work will be performed in the BFS Control
Room Evaluation described in Part III of this response,
and will be used to identify, document and verify the
content of the BFS Control Room Normal and Emergency
Operating Proced:tres. Culmination of human factors -
engineering enhancements will be incorporated into the
Black Fox Station procedures as described in Requirement
(2) (11) .

4. Validation of System Integrations

A static validation was performed on this initial design
effort using the engineering mockup. A dynamic validation
of the human factors principles incorporated in the initial
design effort will be conducted as part of the BFS Control
Room Evaluation described in Part III of this response.

E. INITIAL CONTROL ROOM DESIGN DESCRIPTION

The methodology described above was utilized in the generic
design of the NUCLENET* Control Complex. The resulting Primary
Operator Interface is described in this section.

1. Display Control System (DCS)

The total design for the DCS required approximately 35
man-years of effort. Some software enhancements continued
for almost 7 years af ter the design initiation. Display
format research and development extended over a period of
more than 3 years. As a result of studies performed by
General Electric, the ICS formats employ the following color
coding:

Green - Used only for lines and symbols in process
diagrams to represent static system components,
i.e. , pumps, motors, valves, and piping which
are not dynamically presented in the give.n
fo rma t. Green was selected for this association
because the display elements make up the' larger
part of the display, and a green hue has been
demonstrated to be the least visually fatiguing
of the available hues.

n\~' Cyan - Used as a supporting hue and applied to
alphanumeric identification, scales, and
borders.
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Yellow - Applied to all dynamic process variable display
elements, such as bar graphs and digital data.
Selected for this application because of the
intensity of its hue. Yellow allows the
operator to scan the display and easily identify
dynamic information.

Red - Restricted to use as a visual cue for abnormal
conditions. Should any variable exceed process
limits, the data (bar graph and/or digital)
normally displayed in yellow, changes to red.
Selected because of the traditional,
pre-established psychological associations
(populational stereotype) with such conditions,
and because intensity allows minimal. visual
search.

White - Used as a reference mark on scales, adjacent to
bar graphs, to indicate process limits, or to
present low confidence data.

Magenta - May be used in place of red.

Dark Blue - Shall not be used, due to its visual loss
against the normal background color.

Black - Normal background color.

Initial formal definition began from the data gathered
during the operational analyses. A set of 63 foraats was
generated for the process System Groups depicting various
levels of each system's operation. Further analysis was

i performed to determine the relationship of these formats to
'

reactor operation modes

The DCJ design was a continuing process. At this point,
however, the operator's controls for retrieval of
operational information via the DCS could be defined and
located. Each of the ten CRTs on the Control Consolt would
have two multi-position selector switches. One switch would
serve for System selection and one for Format selection,
thus providing capability of displaying any System Foraat on
any CRT. Two momentary push-buttons would provide a Menu

| Display and Format Change Enable. It is not necessary that
the computer system, which drives the displays, attempt to
follow format selection until the operator has placed the
Fo rmat Select Switch in the position of the Format desired.
The operator informs the computer that the System Group and ggg
Format selected are those desired for viewing by depre= sing
the Format Change Enable switch. This group of four
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switches is mounted next to each of the CRTs which they
control, including the CRT which is normally assigned to the
PMS. Included, for the PMS CRT is a fifth switch (momentary
push-button) for assignment of that CRT to the DCS, when
necessary.

One of the positions of the Format Select Switch is
designated " Master." When any, or all, of the Format Select
Switches are in this position, the operator has simultaneous
control of those CRTs from a " Master Display Select Matrix"
-located at his left hand, when seated at the center of the
Control Console. The informational needs data, derived from
the operational analyses, showed what information the
operator needed to either overtly employ, or have available
to him, during which phase of plant operation. The Master
Display Select Matrix is used, by the operator, to inform
the computer which mode of reactor operation he is
performing. The computer then displays those System Group
Formats determined to be most meaningful to that phase of
operation. Thus the operator is only required to perform a
single action to have appropriate data retrieved and
displayed to him.

2. Front Row (Primary Operator Interface) Panel Layout (Figure

( 2) (111)-1)

a. NUCLENET* Control Console (P680) (Figure (2)(111)-2)

The most critical controls and displays should be placed
in the center of the operator's work station.

In a nuclear power plant the most critical controls and
displays are those which are used to control and monitor'

the intended performance of the reactor core. In the
BWR, these are the Rod Control & Information System, the
Reactor Protection System and the Neutron Monitoring
System. These were, therefore, placed nearest the
center of the Console.

There must be water to act as moderator for the fission
process and cool the core. In the BWR, steam is
generated within the core and, af ter being scrubbed and
dried, carried off to directly drive the
Turbine-Generator. With the reactor core at the center
of the Console, as the point of reference, if water
comes in and steam goes out, there exists the lef t to
right expectancy of: water into the core; water and

( ') steam in the core; and, steam out of the core.
Therefore, the water system groups were placed on the
lef t side of the Console, and the steam system groups on
the right.
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The Reactor Recirculation System controls reactivity, as
a function of flow. It was placed on the left side of
the Console, nearest the center. The Condensate Pumping
and Feedwater Pumping and Level Control Systems
indirectly control reac:ivity. They were placed next to
the Reactor Recirculation System. The remaining water
system, the Reactor Water Clean-Up System (RWCU), which
bears a functional relationship with another system was
placed on the far left side of the Console. (This
functional relationship will be explained during the
discussion of the other system).

Reactor pressure control is performed by the Steam
Bypass and Pressure Regulator System. Pressure directly
affects reactivity; therefore, this system was placed on
the right side of the Console, nearest the center. The
Turbine Electro-Hydraulic Control System controls steam
utilization by the Turbine. It was placed next to the
Steam Bypass and Pressure Regulator System. The
Generator is directly coupled to the Turbine, and was
therefore placed next to the Turbine.

There are two more systems which were placed on the
Console, one of which had been included in the previous
analysis. The Performance Monitoring System is an
operational aid which provides the capabilities of:

(1) NSS performance calculations, Sequence of Events.
Status alarm, and Post-incident data recall

(2) 30P performance calculations and logs

(3) Displays of NSSS performance calculations results

(4) Means of displaying operations information to
supervisory personnel

(5) Means of off-line generation of new display
formats for both computer systems.

The Performance Monitoring System's Operator Interface
was placed on the far right side of the Console.

The other system was the new Display Control System
(DCS), so named because it was to be used to provide
information displays which bring operations data to the
operator.

There were ten color CRTs placed on the Console, one to
be associated with each of the System Groups and one to
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be used primarily by the Performance Monitoring System,
with switching capability to the DCS. The operator's
controls for the DCS were located on the Console as
previously described.

b. Standby Information Panel (P678)(Figure (2)(111)-3)

Until the calculated DCS reliability (3.995) could be
verified operationally, it was necessary to provide
sufficient hardwired information displays (as well as a
DCS Configuration / Status Display) to allow continued
steady state power operations, reasonable power
maneuvers in the Run Mode, or a safe shutdown, without
reliance on the DCS. The Standby Information Panel
serves no other purpose. There are no process controls
or annunciaters on the panel. There are no displays
which were not determined to be necessary as a result of
the operational analyses.

The Standby Information Panel stands behind the Control
Console. Initially, it was intended to be in the direct

(~ view of a standing operator. It was later determined
\ that the front silhouette of ' the Control Console could

provide a visual path for the seated operator. The
standby information displays for each system controlled
from the Control Console were located, accordingly, on
the panel.

The Standby Information Panel is located four feet
behind the Control Console to allow clearance for CRT
replacement in the Control Console, but still maintain
the information displays within the visual range of a
licensed operator.

; c. Reactor Core Cooling Benchboard (P601)(Figure
(2) (111)-4)

,
,

Order of system placement on P601 was based on the
sequence and frequency of operation, as well as the
relationship of a particular system to other systems.

Of those systems assigned to P601, there is one system
which bears a functional relationship with the RWCU. It

is tile Control Rod Drive (CRD) System.

O
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During fueling of the reactor, there are times when it
is neither desirable nor practicable to operate the
Control Rods. Since the Control Rods are hydraulically
operated via controlled leakage carbon seals, when the
CRD system ie operated, water inventory in the reactor
vessel is increased, if not compensated for. One of the
functions of the RWCU is to compensate for water level
increases, during reactor startup, by providing a
controlled drain. When the operator starts up the CRD
system after an outage he must control reactor water
level through the RWCU. This functional relationship
establishes the need for the CRD and the RWCU to be in
close proximity to each other, even though on two
separate panels.

Hence, the CRD system must be located on P601 at the end
closest to the Console, and that end of P601 must be
located in close proximity to the left side of the
Console. Panel arrangement and key plan are both
anchored by this relationship.

In a nuclear plant, the integrity of the Nuclear Steam
Supply is of vital importance. Leakage from both g
controlled and uncontrolled sources must be monitored to w
verify the degree of that integrity. Controlled leakage
is collected in Equipment Drain Sump (s) before being
pumped to the Low Conductivity Radwaste. Uncontrolled
leakage is colleceed in Floor Drain Sumps before being
pumped to the High Conductivity Radwaste. The frequency
of monitoring and recording the leakage collected and
pumped out to Radwaste dictates that the information
would be as close as possible to the operator. This
function is therefore located on P601 next to the CRD
system.

The next most frequently used functions are those of the
Main Steam System: Safety / Relief Valves; Main Steam
Line Isolation Valves; and the Steam Line Drains. These
functions are located next to the CRD system and Drain
Sumps. The Standby Liquid Control System (SLC) has very
few Operator Interface devices, and, in point of fact,
has never been deliberately operated to inject negative
reactivity into the core. The SLC system controls and
displays were located next to the Main Steam System.

Core standby cooling is functionally allocated to: the
Residual Heat Re : oval System (RRR); the Low Pressure
Core Spray System (LPCS); the Reactor Core Isolation
Cooling System (RCIC); and the High Pressure Core Spray |||(HPCS) System. These systems were assigned to locations
on 9501 in that order.
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d. Diesel Generator Benchboard (P877)(Figure (2)(111)-4)

The Diesel Generator Panel contains controls for the
division 1 and 2 emergency diesels and support systems
such as fuel' oil transfer. The operation of the
emergency diesels is automatic with loss of preferred
power or LOCA. This panel contains displays to verify
the system is operating according to design such as

_

voltage and frequency. The panel contains controls to
' synchronize the diesels onto the Standby AC Power Supply
(SACPS) System. Alarms and indication are provided for
the SACPS System. The panel is located next to the High
Pressure Core Spray (HPCS) diesel which is on one end 'of
P601. This allows the operator to address the entire
plant standby power system at one station,

e. BOP Control Benchboard (P870)(Figure (2)(111)-5)

.f The BOP Control Benchboard contains alarms, indication,
and controls for plant systems, BOP containment

. isolation, and BOP auxiliary systems. Systems and
functions on this panel are observed routinely but do,

~-
not require constant operator attention during normal
operation. The most frequently addressed systems are
arranged closest to the Control Console. Systems
monitored and controlled from the P870 panel include the
following (from lef t to right):

(1) Reactor Feedwater Turbine and Pump Lubricating 011
and Miscellaneous Auxiliary Systems

(2) Main Turbine Lubricating 011 System

(3) Electro-Hydraulic Control System

(4) Main Turbine Turning Gear

(5) Main Steam Drains

(6) Generator: Cooling Auxiliaries

(7) Seal Steam System

'(8) Reactor Feedwater System

(9) Reactor Feedwater Turbine Steam Drains

O <to) zxtr ctie steam Svetem

(11) Heater Drain System
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(12) Condensate System

(13) Main Condenser Evacuation System

(14) Circulating Water System

(15) Service and Instrument Air System

(16) Condensate Storage and Transfer System

(17) Demineralized Water Storage and Transfer System

(18) Station Service Water System

(19) Raw Water System

(20) Closed Cooling Water System

(21) Turbine Building Cooling Water System

(22) Fire Protection System

(23) B0P Containment Isolation Panel Insert - Controls
and indication for safety related isolation valves
of non-safety systems (i.e., RVAC, Closed Cooling
Water System, Condensate Storage and Transfer
System, Demineralized Water Storage and Transfer
System, Chilled Water System, Radwaste System, and
Service and Instrument Air System) are readily
accessible to the operator without violating the
requirements of separation between safety related
components and non-safety related components (Reg.
Guide 1.75) .

f. Auxiliary Electric Panel (P800)(Figure (2)(111)-6)

The Auxiliary Electric Panel contains alarms, indication
and controls for station electrical loads. Mimic,
status lights, ammeters, voltmeters, and breaker
controls are provided for the Normal Auxiliary AC Power
System from the Main and Reserve Auxiliary Transformers
down to 480 VAC Motor Control Centers. The Power
Transmission Switchyard Display and Controls section
provides complete monitoring and control of the plant
substation. Visual Annunciators alert the operator to
potential trouble in the following:

(1) Generator Electrical System g
(2) Normal Auxiliary AC Power System
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(3) Standby AC Power Supply System

(4) DC Power Supply System

(5) Essential AC Power System

(6) Power Transmission System

(7) Plant Auxiliary Transformers and Lock-Out Relays

The P800 panel arrangement provides the operator with a
valuable diagnostic tool through a human engineered view
of all plant electrical systems and their
interrelationships,

g. Meteorological Information and Dose Assestment Panel
(P900)(Figure (2)(111)-6)

The Meteorological Information and Dose Assessment Panel
provides the operator with valuable weather condition
and plant radioactivity information to assess both

(~'s potential natural threats to the plant and environmental
() effects from plant releases. In addition to

conventional indication, the operator interface consists
of a CRT and keyboard.

h. Security / Fire Protection System Panel (P901)(Figure
(2) (111)-6)

The Security / Fire Protection System Panel allows the
operator to monitor potential security and fire
emergencies in order to evaluate the danger posed to the
reactor as well as the health and safety of plant
personnel and general public. This panel contains an
annunciator array, CRT, keyboard, and Halon Release
Panel.

1. Supervisory Monitoring Console (P679)(Figure
(2) (111)-7)

The Supervisory Monitoring Console allows supervisory
personnel access to the same data available to the
operator, without creating a disturbance for the
operator by looking over his shoulder. The DCS and the
PMS have communications links; therefore, all data in
the DCS is available to the PMS.

s
( ) Supervisory perrannel wishing to access DCS data may do
'~'

so on two color CRTs, communicating via a free-standing,
multi-function keyboard which is identical to the
keyboard supplied the operator for PMS communication.
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The Supervisory Monitoring Console is centrally located
between, but at the opposite end of, the Benchboards
from the Control Conuole. This provides supervisory
personnel with independent visual access to all of the
Primary Operator Interface.

3. Second Row (Secondary Operator Interface) Panel Layout

Second Row panels have a support function to the front row
panels and contain displays and controls for equipment
addressed by the operator on a less frequent basis than
front row controls and displays.

4. Back Row Panels

Back Row panels are defined as those panels in the control
room which contain no controls and instrumentation for
expected operator use. The hardware in these panels is
intended for the maintainer (i.e., instrument technicians),
primarily for purposes of testing and diagnostics.

5. Front Row /Second Row Interface

Table (2)(111)-1 lists all the control room panels,
including Front Row, Second Row, and Back Row panels.
Location of panels within the control room is illustrated in
Figure (2)(111)-8.

The interface between the Front Row and Second Row Panels
varies according to mode of plant operation.

a. Normal Operation

During system setup previous to reactor criticality the
operator will align service water and service steam
systems. Once the reactor has reached criticality the
operator has all the controls needed for normal
start-up, operation and shutdown on the front row panel
group.

b. Abnormal and Emergency Operations

In the event of an accident assessed by " Accident
Analyses" Chapter 15 of the BFS PSAR or the sequence of
failure events for transients and accidents analyzed to
develop upgraded emergency procedures nc operatot
initiated control is required for at least ten (10)
minutes. An operator need only monitor that the systems g
are performing their function. Only if the operator
verifies tha*. an automatic function has not initiated
will manual initiation be required.
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-II. BLACK & VEATCH AND PSC CONTROL ROOM DESIGN EFFORTS

A. INTRODUCTION

ISO nas had a long term commitment to optimize the BFS control
i rocm design. Early in the design process a group of

-experienced power plant engineers, designers,.and operators
', from Black & Veatch (B&V) and PSO were assembled. The tasks

facing this review group were to evaluate the human engineering
! qualities of the GE design and to work in conjunction with CE
i to integrate the balance of plant (BOP) centrols and

| instrumentation into the NUCLENET* Control complex Primary
| Operator Interface.

B. OBJECTIVES

Cince GE had already performed most of the detailed huuan
factors engineering analysis, the PSO/B&V control room group
concentrated on specific areas. The following major objectives
were stressed:

i

1. Overall Design Consistancy
<-},

' s

To enhance operator performance capability the hardware
used in the BOP portions must be consistent with that
supplied by GE.

2. Component Grouping

To enhance operator orientation, related controls and,

indications must be grouped together in a meaningfuli

; configuration.

3. Component Location

To enhance efficient plant operation during normal and, ,

emergency conditions, system interface must be located with
regard to importance to plant safety and frequency of use.

4. Color Schemes

The use of color schemes must minimize confusion and
adverse psychological impact. - Component color coding must
serve as a guiding tool to plant operation and must be
readily distinguishable in each context.

_ 5. Environment

! ( ,/
The lighting, temperature, humidity, air quality or other
environmental factors in the control room must not
adversely affect operator concentration and alertness.

.
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6. Workspace

The operator must be provided ample, but effective working
space. Con ideration must be given to location and
arrangement of writir.g surfaces, document storage and
viewing, and communication devices. The workspace
arrangement must not obstruct ac:ess to 91a.tt controls and
indications.

C. C0hTROL ROOM MOCKUP

PSO and B&V constructed a full scale mcckup of Primary Operator
Interface to test the above listed objectives. Utilizing this
tool, experienced operators participated in a walk-tluaugh of
procedures to identify human factors discrepancies. Desi;n
change options were evaluated on the mockup.

D. LIGrTTING SYSTEM DESICU

Specialized lighting systems were designed to accommodate the
lighting needs of en operra7r using paper, normal hardwired
instruments, and CRIs to minimize glare and other viewing
problems.

E. WARNING SYSTEM DESIGN

Human factors evaluations of the warning system led to several
reco=mendations to improve the perception of plant status while
minimizing the operator's search time and .rritation with
annunciators.

F. WORKSPACE LAYOUT

Within the control room mockup, workspace arrangements were
evaluated. A preliminary design was develcped which provided
the necessary equipment for efficient administrative operations
in the control room.

G. CP.T FORMAT DESIGN

The advanced CRT display system, which replaces most of the
normal power generation indicators and recorders, received
special human factors attention. The data set was selected
based on established information needs for various plant
procedures and modes. This, combined with human engineered
formating and consistant placement and color coding, minimizes
the operator's search time, visual angle to obtain data, and
possible overload by extraneous data. PSO and B&V participated
with GE and other utilities in meetings to select CRT format |||colors and system function displays which would opt imize plant
status information available to the operator.
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H. EZSULTS

Tha work-of the PSO/B&V control room review group contributed
to the NUCLENET* 1000 Control Complex overall design. Two
basic accomplishments resulted. First, B&V's contrr' system
design experience and PSO's plant operations experience added'
new perspectives which led to modifications of the GE design.
Second, the control room BOP design was completed sufficiently
early to support the constru'. tion of the Black Fox Simulator.
This simulator has been used to train operators since early ,

1979 and has served as an extremely valuable tool for
evaluating the effectiveness of such an advanced ccntrol room.

'

III. BLACK FOX STATION CONTROL ROOM EVA1.UATION
a

A. GENERAL DESCRIPTION

'
PSO is developing a Control Room Evaluation Plan for Black Fox
Station to provide an over-all evaluation of the control room
design. The evaluation plan will contain the guidelines and
proceduras to meet the following objectives:

i () 1. Human Factors Engineering

'
Verify state of the art human factors engineering is
applied to any changes to the initial panel design.

2. Plant System and Comparent Operability

Through the operator interface, verify appropriate size,
number, locsLion, and type of components / systems to ensure
the safest and most efticient plant operation.

,

3. Post-TMI Issues

Analyze post-TMI issues which potentially impact the design;

|_
and operation of the control room.

4. Plant Procedures

:
' Analyze and upgrade Black Fox Simulator operating and

emergency procedures to enhance operator training and to
| aid the development of BFS control room procedures

[ (Requirement (2) (11))

i 5. Simulator
;

/''} Identify and recommend potential changes to improve
,

b- simulator instructional capabilities, correct modeling
deficiencies, and eventually modify the Black Fox Simulator
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so that it more exactly duplicates the as-built BFS unit
one control room (Require =ent (2) (1)) .

The BFS Control Room Evaluation Plan paral.als the guidelines
set forth in NUREC-0700. 19

O

O

82 19-111381



|

O:'

TABLE (2)(111)-1
BLACK FOX STATION CONTROL' ROOM PANELS

PANEL NUMBER PANEL NAME
,

P600 rrocess Radiation Monitor / Display Control System / Remote Digital
and Remote Analog Units Panel

P601 Reactor Core Cooling Benchboard
P604 Process Radiation Monitor Panel
P605 Area Radiation Monitor Panel
P607 Transversing Incore Probe Panel
P610 Control Rod Test Panel
P612 Feedwater Recirculation Panel

j P613 Nuclear Steam Supply Panel
: P614 Nuclear Steam Supply System Reactor Recirculation Temperature
I Recorders Panel

P619 Jet Pump Panel
P630 Nuclear Steam Supply Remote Annunciator Electronics Panel
P632 Leak Detection Panel
P634 Recirculation Control Panel

'
P63' Nuclear Steam Supply System Steam Bypass and Pressure

Regulator. Panel
P638 Containment Atmosphere Monitor Panel
P639 Containment Atmosphere Monitar Panel
P640 Transient Test Panel() P642 Leak Detection Panel
P651 Rod Control and Information System Panel
P652 Rod Control and Information System Panel
P653 Rod Drive Control Panel
P654 Main Steam Isolation Valve Leakage Control Panel
P655 Main Steam Isolation Valve Leakage Control Panel

,
'

P656 Remote Digital Units and Remote Analog Units Panel
P657 Display Control System, Remote Digital Units and Remote Analog

i Units Panel

| P661 Nuclear System Protection System Panel - lE

| P662 Nuclear System Protection Sys tem Panel - 2E
P663 Nuclear Systet Protection System Panel - 3E

! P664 Nbelear System Protection System Panel - 4E
'

P669 Neutron Monitoring and Process Radiotion Monitoring Panel - lE
P670 Neutron Monitoring and Process Radiation Monitoring Panel - 2E '

P671 Neutron Monitoring and Process Radiation Monitoring Panel - 3E
P672 Neutron Sonitoring and Process Radiation Monitoring Panel - 4E
P678 Standby Information Panel
P679 Supervisory Monitoring Console
P680 thclenet* Control Console
P800 Auxiliary Electric Panel

l P803 Station Load and Totalizing Equipment Panel
P804 Telemetering Equipment Panel

,

P821 Turbine Electro Hydraulic Control Panel'

| P822 Advance Turtine Supervisory Instrumentation Panel

(k /~%
P826 Process Radiation Monitoring System - 2alance of Plant Panel IE;

P827 Process Radiation Monitoring System - Balance of Plant Panel 2E
:

: P831 Reactor Feed Pu=p Turbine Control Equipment Panel
l
|
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TABLE (2)(111)-1 (cont'd)
- BLACK FOX STATION CONIROL ROOM PANELS

*

PANEL NUMBER PANEL NAME

P843 Process Radiation Monitoring System - Palance of Plant Panel 5B
P845 Off-Gas Panel
P847 Standby Ges Treatment System and Containment Combustible Gas i

Control System Panel - lE
i P848 btandby Gas Treatment System and Cor.tainment Combustible Gas '

Control System Panel - 2E
P850 Balance of Plant Remote Annunciator E3ectronics and Sequence of

Events Recorder Panel
P851 Balance of Plant Engiceered Safety Feature Panel IE
P852 Balance of Plant Engineered Safety Feature Panel 2E/3E
P855 Loose Parts Monitoring Panel
P856 Relay Panel

| P857 Relay Panel
| P858 Balance of Plant Instrument Power Supply and Signal Condition
* Panel

P863 Heating Ventilating Air Conditioning Panel IE
P864 Reating Ventilating Air Cenditioning Panel 22
P865 Flamability Control Panel lE
P866 Flamability Control Panel 2E
P870 Balance of Plant Control Benchboard() P873 Seismic vibracions Panel
P874 Vibration Manitoring Panel

! P877 Division I & II Diesel Generator Benchbcard
P900 (C95-P800) Meteorclogical Information/ Dose Assessment Panel
P901 (P87-P800) Security / Fire Protection Panel
P903 (C94-P800) B0P DCS RAU's & RDU's

COMPUTER PROCESSING UNITS AND PERIPHERIALS
C-91 Performance Monitoring System (PMS)

P600 Central Systems Unit
P603 NSS Drum Cabinet
P607 Common Core
P608 ..-agnetic Tape Cabinet
P609 Disc Memory Cabinet
P612 Display Generator Cabinet
P613 NSS Analog Ca'iinet
P620 Digital Cabinet

P650 Terminet 1232 MSR
P631 Terminet 1232 MSR
P632 Terminet 1232
P633 Terminet 1232
P636 Line Printer
P638 Card Reader
P639 Card Punch
P642 Results Center Console
P645 Card Reader / Punch Table,

; (^"' R615 Video Copier (Sits on P642)
C-94 Display Control System (DCS)4

4

l
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TABLE (2) (111)-1 (cont'd) l
BLACK FOX STATION CONTROL ROOM PANELS

PANEL NUMBER PANEL NAME
;

P600 Test and Reconfiguration Unit Cabinet (TRU)

| P601 Central Systems Unit
i P602 Central Systems Unit

P603 Central Systems Unit;

! P604 Central Systems Unit-
j- P605 Display Generator Cabinet
'

P606 DCS/PMS Common Drum
.

i ,

!

!

|

1

I
1

t

h

1

; O
i

I
T

O
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10 CFR 50.34(e)(2)(iv) PLANT SAFETY PARAMETER DISPLAY CONSOLE

NEC POSITION:
t

I (2) To ' satisfy the following 2 7 irement, the application shall
'

provide suf ficient informJ* ' an ,o demonstrate that the required
actions will be satisfactorily completed by the operating license
stage. This information is of the type customarfly required to
satisfy 10 CFR 50.35(a)(2) or to address unresolved generic safety -
is sues. (NUREG-0718, Category 4)

(iv) Provide a plant safety parameter display conso e that will
,

| display to operators a minimum set of parameters defining
the safety status of the plant, capable of. displaying a full
range of important plant parameters and data trends on

i demand, and capable of indicating when process limits are

{ being approached or exceeded. (NUREG-0718, I.D.2)
)

PSO RESPONSE:
3

Introduction

Following tee accident at Three Mile Island, Unit 2 (TMI-2), the NRC
j Staff' developed a list of' concerns associated with dealing with the
i lessons learned from the accident. One of the concerns was that the

! TMI-2_ plant did not hcve a plant safety parameter display to provide
! sufficient infor=ation for the operators to detercine the safety status
; of the plant.

This Require =ent is imposed on construction permit applicants to ensure

j that future plants contain a Safety Parameter Display System (SPDS). to
assist'them in assessing the safety status of the plant. The Staff

) published guidance for meeting this Reqc trement in NUREG-0695,
" Functional Criteria for Emergency Response Facilities."

Commitment

PSO recognizes the importance of providing the oper4 tors with
sufficient infor=ation in convenient formats to assist in determining
the safety status of the olant. PSO commits to providing a. computer
based SPDS that will display to the operators a set of parameters for
assisting the operators in assessing the safety status of BFS in
accordan;e with NUREG-0696.

System Description

The primary function of the SPDS is to aid the operator in the rapid
detection of abnormal operating conditions by providing a ecntinuous
indication of plant parameters or derived variables repr2sentativa of
the safety status of the plant. This system is not intended to provide

O full problem diagnoatic capability, but rather serve as an indicator
that the plant is either in a safe condition or that an off normal
condition exists and further action should be taken to identify and
correct it.

94 19-111381
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PS0 RESPONSE: 10 CFR 50.34(e)(2)(iv) |||

a. Location

The SPDS displays will be available in the control room as well as
in the Technical Support Center (TSC) and Emergency Operations
Facility (EOF) . The displays will be readily accessible and
visible to control room operstors in the normal operating area but
will not interfere with normal movement or with full visual access
to other control room systcms or displays. The SPDS displays will
be readable from the control room senior reactor operator's
emergency operating station.

b. Para =eters

The set of safety parameters to be displayed will be determined by
the ongoing efforts of the BWR Owners' Group when approved by the
NRC. The parameters will include, but not be limited to,
reactivity control, reactor core cooling, reactor coolant system
integrity, containment integrity, and radioactive effluent to the
enviro nment. The displayed parameters will be selected to enable
the operator to determine if systems are performing their design
functions.

The display formats will be designed in accordance with human |||factors principles. Data trends will be available on de=and and
the system will be capable of indicating when process limits are
being approached or exceeded.

c. Reliability

The SPDS used in the control room will be designed to an
operational unavailability goal of .01. The term unavailability is
used to express a complete loss of system function.

The primary SPDS inforcation will be provided with a high quality and
highly reliable computer system capable of functioning properly in the
control room environment that may be present during transient or 19
accident conditions. Backup display information will be provided in
the control room utilizing the normal displays used to comply with
Regulatory Guide 1.97.

O
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10 CFR 50.34(e)(2)(v) SAFETY SYSTEM STATUS MONITORING
F

; NRC POSITION:

'

(2) To satisfy the following requirement, the application shall provide
sufficient information to demonstrate that the required actions will |

'

be satisfactorily co=pleted by the operating license stage. This"

information is of the type customarily required to satisfy 10 CFR
i 53.35(a)(2) or to address unresolved generic safety issues.
; (NUREG-0718, Category 4)
!
4 (v)- Provide for automatic indication of the bypassed and operable

status of safety systems. (NUREG-0718, I.D.3)
:

PSO RESPONSE:

PSO has reassessed safety systes. status monitoring design criteria for
31ack Fox Station as described in the PSAR and has concluded that this
systes adequately addresses the NRC Staff's requirement.

Safety system status =onitoring provides the control room operator with a
continuous status indication of the operability of reactor safety syste=s, I

such as High Pressure Core Spray, Residual Heat Removal, Standby Liquid
Control, Reactor Protection and Standby Service Water. This NRC Staff
requirement ste=s from the fact that such a systen was not available at

A TMI-2. Howevir, this require =ent has previously been included in the Black
'

Fox Station design prior to the accident at TMI-2 through the application
of Regulatory Guide 1.47, " Bypassed and Inoperable Status Indication for
Ihclear Power Plant Safety Syste=s" which wzs issued in 1973 and has been
applied to both the Nuclear Steam Supply and Balance of Plant Safety
Systems.

Table 1.9-1 of the BFS PSAR lists the sections of the PSAR vhere safety
system status =onitoring is describsd. In suc=ary, the design includes
auto =atic indication of the bypassed and operable status of safety

| systess. To the extent practical, _ inputs to safety system status
=onitoring will be direct measurements of the desired variables.

;

4

I

i

.

'
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10 CFR 50.34(e)(2)(vi) REACTOR C001 ANT SYSTEM VENTp

NRC POSITION:

(2) To satisfy the following requirement, the application shn11
provide sufficient information to demonstrate that the required
actions will be satisfactarily completed by_the opucating license
stnge. This information is of the type customarily required to
satisfy 10 CFR 50.35(a)(2) or to address unresolved generic safety
issues. (NUREG-0718, Categt:y 4)

(vi) Provide the capability of LLgh point venting of
noncondensable gases from the reactor coolant system, and
othyr systess that may be required to maintain adequate enre
cooling. Systems to achieve this capability shall be
capable of betrg operated from the control room and their

i
operation shall not lead to an unacceptable increase in the
probability of loss-of-coolant accident or an unacceptable
challenge to containment integrity. (NUREG-0718, II.B.1)

: PSO RESPONSE:

Introduction

- (g The NRC Staff is requiring the design of Boiling Water Reactors (BWR's)
(ssi reactor coolant systems, reactor vessels, and other systems required to

1

maintain core cooling to include the capability of remote venting from
the control room. Additionally, the vents shall be safety grade, shall
satisfy the single failure criterion, and their operation shall not

; lead to an unacceptable increase in the probability of a
loss-of-coolant accident or an unacceptable challange to containment
integrity. The design shall include an analysis demonstrating that

' dire:t venting of noncondensable gases, which may contain high
concentrations of hydrogen, does not result in violation of combustible
gas concentration limits in containment. Finally, procedural.

guidelines detailing the operator's use of the vents will be developed
orior to operation,

,

ihe basis for these requirements stems from the accident at Three ' tile
Island, Unit 2, (TMI-2) where the collection of noncondensable gases
impaired natural circulation cooling capability and also limited
reac:or coolant pump operational capability because of coolant voids in
the system occupied by the gases.

Study
,

4 ,

'

The venting requirement is primarily aired at the pressurized water

i reactor (PWR) design which is normally solid (i.e., all water with no
vapor present) . The generation of noncondensable gases within the PWR'

results in significant changes in coolant circulation characteristics.

() The BWR design normally operates with vapor present in the coolant.
Historically, the BWR design has included venting capability to handle

,

i accumulations of gases in high points of the coolant systems.

i

!
*

97 19-111381
l

_



hPSO RESPONSE: 10 CFR 50.34(e)(2)(vi)

Therefore, the nain effort to meet this requirement involved a review
of the design to again verifv that the presence of noncondensable gases
within the coolant would not have a deleterious effect on coolant
circulat.;n capability and to insure high points within the various
coolant loops are adequately vented.

This review was completed generically for all BWR's by the BWR Owners'
Group and specifically for Black Fox Station (BFS) by Public Service
Company of Oklaho=a (PS0).

System Description

The fanction of the reactor coolant system and the auxiliary and
emergency core cooling systems is to remove heat generated by the
fission process and the residual decay heat present after the fission
process has been terminated. The systems at BFS involved in this
cooling process where venting is a concern are the Reactor System,
Reactor Recirculation (RR) system, Residual Heat Ee=ovel (RHR) sye tem,
and the Reactor Core Isolation Cooling (RCIC) system.

The Reactor Syste (shown in Figure (2)(vi)-1) is comprised of the
reactor pressure vessel and internals. The reactor pressure vessel
houser the core where 'he fission process takes place. ||h
Circulicion of water in the BFS reactor pressure vsasel can be achieved
either through natural circulation or by forecd circulation of coolant
through the core region.

1. Natural Circulation

The primary natural circulation loop is between the downcomer and
the core (see Figure (2) (vi)- 1) . Due to boiling in the core
region, a large difference in densities is available for driving
natural circulation flow from the downcomer through the jet pumps
and into the shroud region.

Any noncondensable gases formed in the reactor pressure vessel rise
to the top of the vessel by virtue of the same phenomena and by the
same route as the steam that is generated in the core. In normal
operation, these are swept to the turbine with the main steam.
During either normal or emergency reactor shutdown, noncondensable
gases are swept with main steam either to the condenser (via the
turbine bypass) or to the suppression pool (via the SRV's) . The
reactor vessel head can also be vented to the drywell remotely f rom
the control room if necessary.

However, it should be noted that vapor is present in the core
during normal operation and natur al circulation conditions. Th u s , gggnoncondensable gases may change the composition of the vapor but
would have an insignificant effect on the circulation itself, since

f
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Dd - PSO RESPONSE: 10 CFR 50.34(e)(2)(vQ

they would rise with the steam to the top of the veesel'after
leaving the steam separators. Whether cr not noncondensable gases
are vented from the top of the vessel, the formation of
noncondensable gases would not hinder natural circulation during an
abnormal event, nor would it result in a blockage condition that
could hamper eventual recovery of the core.

The Residual Heat Remo w_ tystem assists the natural circulation of
~

coolant by acting as a heat sink increasing the driving force of
the coolant circulation and by making up coolant inventory. The
RER system .(shown in Figure (2)(vi)-2) shutdown cocling tale
removes residual heat from the core by circulating hot coolant
taken from the suction leg of the reactor recirculation pump (the
hot coolant comes from the annulus between' the core shroud and the
vessel wall) through the RHR pumps and heat exchangers. After the
heat is removed via the RHR heat exchangers, the coolant is
returned to the vessel through the feedwater lines where natural
circulation through the core continues.

! The RER System and the Reactor Core Isolation Cooling (RCIC) System
(Figure (2)(vi)-3) work together in the steam condeneing mode of
RHR to condense steam taken from steam line "A". Steys taken from,

the main' steam line is condensed in the RRR heat exchangers and-

pu= ped via the RCIC pump to the Reactor Pressure Vessel head spray
nozzle. The condensate makes up the inventory in the annulus for
the natural circulation process.

2. Forced Circulation,

f

Forced circulation is achieved through the use of the Reactor
Recirculation system. The Reactor Recirvulation system (see Figure

; (2)(vi)-1) consists of two loops external te the reactor pressure
; vessel, each containing a pump, a flow control valve, and two

shutoff valves. The recirculation system utilizes high performance
i jet pumps within the reactor pressure vessel. The recirculation
: pumps take suction from the downward flow in the annulus between

the core shroud and the vessel wall. App roximately one-third of,

[ the core flow is taken from the vessel through the two
i recirculation nozzles. There, it is pumped at a higher pressure,

distributed through a manifold to which a number of riser pipes are
connected, and returned to the vessel inlet nozzles. This flow is
discharged from the jet pump nozzle into the initial stage of the
jet pump throat where, due to a momentum exchange process, it

j induces surrounding water in the downcomer region to be drawn into
; the jet pump throat where these two flows mix and then diffuse in

the diffuser, to be finally discharged into the lower core plenum.

() Af ter exiting the jet pump dif fuseta, the coolant turns upwara,
,

where it flose . etwer. the control rod drive guide tubes and enters
'

into the fuel *upport where the flow is directed to the fuel
. bundles.
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hPSO RESPONSE: 10 CFR 50.34(e)(2)(vi)

The coolant water passes along the individual fue? rods inside the
fuel channel where it is heated and becomes a two-phase,
water-steam mixture. This two-phase flow enters the plenum above
the core and then passes through the steam conditioning equipment
(steam separator and steam dryer) where the steam is direc tec to
the main steam line nozzles and piped to the turbine and tn* water

is directed back to the annulus between the core shroud and vessel
wall.

Revx Design

The TWR Owners' Group, of which PS0 is a member, parformad a generic
review of BWR reactor cooling system designs with respect to the
presence of condensable gases. The BWR Owners' Group review concluded
that neither natural nor forced circulation were i= paired with
noncondensable gases present. Further, their study found that the vent
locations provided in the BWR design adequately vented the accumulation
points for noncondensable gases in the systems.

The PSO review of the specific BFS design confirmed the conclusions of
the BWR Owners' Group with respect to BFS. The PSO review verified
that ventilation of the reactor vessel and auxiliary and emergency core
cooling systems is achievable in the following manners: ||h
1. A nor= ally open 2" reactor vessel head vent continuously vents

noncondensable gases in the vescal head to main steam line "A".
Nor= ally these gases are carried to the turbine and condenser where
they are processed through the Off-Gas System. The noncondensable
gases =ay also be vented to the suppression pool and containment
via the =ain steam 3afety Relief Valves (SRV's). The vent, reduced
from the 4" * ee connection on the vessel head to a 2" line size, is
controlled tl. rough valve B21-F005. 1his motor operated, ASME III
Safety Class 1,1500 pound globe valve is powered from a divisional
Class IE 480 volt Motor Control Canter. Control for the valve is
on the P601 panel in the main control room.

2. Additionally, there is a normally closed 2" reactor vessel head
vent which discharges to the drywell equipment drain sump. The
vent is isolated by two motor operated, ASME III Safety Class 1,
1500 pound globe valves (B21-F001 and B21-F00?) . These valves are
powe~ed from the sa .e mote control center and control room p..nel
as valve B21-F005.

All three valves are safety grade and are seismically and
environmentally qualified. The operators which are Class IE are
powered from an essential power supply. The valves are operable
from the main control room. Due to their size, the vents do not
lead to an unacceptable increase in the probability of a gloss-of-coolant accident. The vents do not penetrate containment
and, therefore, do not challenge containment integrity.
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PSO RESPONSE: 10 CFR 50.34(e)(2)(vi)

-3. Noncondensable gases below the main steam line nozzles are ' vented
by opening any one of the 19 SRV's on the main steam lines. These
power operated relief valves are opr.able from the control room but
additionally provide over-pressure protection for the reactor
pressure vessel and as such may open without operator initiation.
These valves, thair operators, and their instrumentation are Safety
Class 1, seismically and environmentally qualified and are operated
from the P601 panel in the main control room. In addition, eight
of the valves have a backup safety-related air supply, thus
providing redundant venting capability, inadvertent opening of a
relief valve is a design basis event and a controllable transient
and as such does not increase the probability of a loss-of-coolant
accident. Since the valves vent within the containment, there is
also no challenge to containment integrity.

4. In addition to the path through the SRV's, mr.in steam line "A" can
be vented through the Reactor Core Isolation Cooling (RCIC)
system. The path is through the RCIC turbine which exhausts to the
suppression pool. This method is also operable from the main
control room.

5. Noncondensable gases conceivably could come out of solution in the
RER system during operation. These gases are expected to be sweptx

through the system with possible accumulations in the upper regions
of the RHR heat exchangers. The RRR heat exchangers have a 1" top
vent to the suppression pool for the removal of these
noncondensable gases. Each vent has two 1" ASME III Safety Class
2, 1500 pound ginbe valves with Class IE electric motor operators
which are operable from the main control room. The valves and
their operators are seismically and environmentally qualified. The
motor operators are powered f. , an essential power sepply. Due to
the size of the vents, there is no increase in probability of a
LOCA or challenge to containcent integrity.

All vent paths lead to the suppression pool and ultimately the
containment. Discussion of the hydrogen mixing analvsis and control of
large volumes of hydrogen mixing analysis and control of large volumes
of hydrogen within the containment can be found in the response to

i Requirement (2)(ix) .

Procedures for the use of the various vent paths discussed above will
be developed in the future and summarized in the FSAR.

:

Cenclusion

The PSO review of the specific BFS reactor cooling system design
confirmed, with respect to BFS, tha generic B'4R Owners' Croup

() conclusions that:
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PSO RESPONSE: 10 CFR 50.34(e)(2)(vi) g
1. The presence of noncondensable gases does not impair natural or

forced circulation.

2. The locations of reactor coolant system vents in the BWR design
provide for adequate venting of accumulation points for
noncondensable gases.

The design of the EFS Raactor Coolant System and other systems
re gired to maintain adequate core cooling provides the capability for
venting noncondensable gases from high points in the systems. This
function is performed by the operator in the control room. The design
required to ven' these system high points existed prior to the
requirements stemming from the accident at TMI-2 and, therefore, do not
constitute an increase in the probability of a loss-of-coolant accident
or an unacceptab.le challenge to containment integrity. No additional
vent lines are required over those analyzed. There is no new, novel 19

design and there are no concerns regarding technical feasibility,
state-of-the-art, or ability to implement the intended venting design.

O

O
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'~)(U 10 CFR 50.34(e)(2)(vii) PLAh*r SHIELDING TO PROVIDE ACCESS TO VITAL AREAS
AND PROTECT SAFET' EQUIPMEaT FOR POST-ACCIDENT
OPERATION

NRC POSlfION:

(2) To satisfy the following requirement, the application shall
provide sufficient information to demonstrate that the required
actions will be satisfactorily completed by the operating
license stage. This information is of the type customarily
required to satisfy 10 CFR 50.35(a)(2) or to address unresolved
generic safety issues. (NUREC-0718, Category 4)

(vii) Perform radiation and shielding design reviews of spaces
around systems that cay, as a result of an accident,
contain TID 14844 source term radioactive materials, and
design as necessary to permit adequate access to
important areas and to protect safety equipment from the
radiation environment. (NUREG-0718, II.B.2)

PSO RESPONSE:

Introduction

r- One of the consequences of the TMI-2 accideat was the release of large
1,m,S amounts of radioactive material to plant systens and rooms which were1

not specifically designed ta contain high levels of radiation. The
resulting radiation fields interfered with personnel access required to
achieve control of the accident, maintain a safe shutdown condition and
perform accident recovery operations. Systems which were not
specifically designed to perform post-accident functions were used to
mitigate the consequences of the accident. The lack of adequnte
shielding from accident source terms made maintenance of these systems
difficult. Additionally, access was required to important areas such
as the radwaste control room, power supplies and instrument racks which
were found to be located in high radiation fields. All of these
effects contributed to delays to the accident control and recovery
operations and in personnel exposures.

The Staff's concern for adequate plant shielding is stated in
NUREG-0718, Revision 1, " Licensing Requirements f or Pending
Applications for construction Permits and Manufacturing License."
Construction permit applicants must perform radiation and shielding
design reviews of spaces around systems that may, as a result of an
accident, contain TID 14844 source term radioactive materials, and
design as necessary to permit adequate access to important areas and to
protect safety equipment from the radiation environment.

Commitment

in
( ) PS0 commits to perform the required design reviews and to incorporate
'~' the results of these reviews into the design of Black Fox Station

(BFS). The review process is underway at the present time and is
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PS0 RESPONSE: 10 CFR 50.34(e)(2)(vii) ||g

scheduled for completion witnin six months after the issuance of
construction permits for BFS. The purpose of the review is (a) to
ensure that vital areas in which personnel will be present during
post-accident operations will be accessible; (b) to determine the
accessibility of areas where it may be beneficial (although not
essential) to have access to support post-accident operations; and (c)
to verify the adecuacy of protection prcvided for safety-related
equipment.

Should the shielding design review so indicate, design modifications
will be imple=ented as the detailed design progresses to permit
adequate post-accident access or to protect safety eiuipment f rom the
radiation environ =ent. Any required design and/or procedural changes
will be made to maintain personnel exposures in vital areas within 10
CFR 50, Appendix A, GDC-19, specified design bases.

Pos t-Accident Source Terms

TID 14844 source terms will be used in this shielding review.

The source isotopic compositions, as specified in NUREG-0737, Item
II.B.2, will be med for pressu "-ed-depressurized reactor coolant and 19
for gas-contaic 3 systems.

Tabulations of the initial inventory of radioisotopes for these sources
are given in Table (2)(vii)-1.

For the calculation of the post-accident radiation source terms, the
following assu=ptions will be employed:

a. No credit will be taken for radioactive decay prior to transport
of the source terms .o *he systcms under consideration,

b. A detailed mechauistic approach to develop radiation source terms
will not be used.

Systems With Post-Accident Source Terms

The following BFS systems will be assumed to potentially contain high
levels of radioactivity in a post-accident situation:

a. Reactor Building (RB)

b. Resideal Heat Removal System (RHR) (Suppression Pool Cooling,
Containment Spray, Low Pressure Coolant Injection and Shutdown
Cooling)

c. High Pressure Core Spray System (HPCS) ed. Lcw Pressure Core Spray System (LPCS)

|
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PSO RESPONSE: 10 CFR 50.34(e)(2)(vii)

e. Reactor Core Isolation Cooling System (RCIC)

f. Standby Gas Treatment System (SGTS)

g. Resctor Water Cleanup System (RWCS)

h. Main Steam Isolation Valve Leakage Control Systen (MSIVLC)

' i. Containment Atmosphere Monitoring System (CAM)

j. Leah Detection System (LD)

k. Plant Equipment and Floor Drain System (PEFD)

1. Post-Accident Sampling System (PAS)

During the detailed review, all BFS systems will be reexamined to
determine whether they might contain accident source terms. If any
additional systems are so identified they will be added to ISe above
list.

O'
The following BFS systems will not be assumed to contain accident
source terms for the reasons indicated:

a. Hydrogen Recombiner System: BFS utilizes thermal recombiners
which are completely internal to the containment,

b. Main Condenser Off Cas and Liquid Radwaste Systems: Tine radwaste
systems outside containment will be isolated from the containment
immediately following an accident. 19

Post-Accident Access

All BFS plant creas will be reviewad to determine if they fall into one
of the two following categories:

a. Post-Accident Vital Areas: Those areas in which personnel vill be
present during post-accident operations to perform monitoring and
control functions,

b. Potential Post-Accident Support Areas: Those areas other than
vital areas in which it is beneficial, although not essential, to
have access to support post-accident oparations.

The main control room, technical support center, sampling station and
sample analysis area are areas where access is considered vital after
an accident.,,

108 19-111381
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|hPSO RESPONSE: 10 CFR 50.34(e)(2)(vii)

Personnel Radiation Exposure Guidelines

Personnel radiation exposure doses will be calculated based on
calculated dose rates and occupancy assumptions for each area requiring
access in a post-accident environment. The calculated exposure doses
will be compared to the guidelines contained in 10 CFR 50, Appendix A,
General Design Criteria 19 and Standard Review Plan (SRP) Section 6.4.

Occupancy Assumotions

For post-accident vital areas which require continuous occupancy,
assumptions wi:1 be based on the criteria contained in SRP Section 6.4

For other post-accident vital areas, occupancy assumptions will be
determined taking into account the frequency and duration of the
activities antteinated for that area.

Furthe rmo re, transit paths and transit time will be included in the
review to ensure that radiation doses received in transit are
considered in the assessment of personnel doses.

For potential peat-accident support areas, occupancy limits will be
determined based on the results of the shielding review.

Dose Rates

Average dose rates ovez the duration of the accident will be used to
determine personnel doses. The dose rates will include contributions
from containment shine and equipment shine from all significant
sources.

Protection of Safety Related Equipment _

An analysis for equipment quel' fication will be performed using thei

source terms identified in NDREG-07T% Item II.B.2, to establish the 19

integrated dose, including post accLimit operation, under which
safety-related mechanical and electrical equipment located inside and
outside containment are required to function. The results of this
analysis will be used in the design and specification of this
equipment. Design modifications will be implemented where necessary to
assure that the safety-related equipment will function when exposed to
the radiation fields resulting from systems involved in the mitigation
of an accident.

Optiong for Solving Potential Problems

The shielding analysis will verify the adequacy of the existing BFS
design and indicate where changes will need to be made. If changes are g
required to meet acceptable operator and/or equipment dose levels in
certain locations, the following options are available:
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a. Move the offending radiation source e a lass sensitive location.

b. Move the target equipment or c 4rator control / work station to a
location with Ea acceptab're rauiation field.

c. Place additional shielding around the offending radiation source.

; d. Place local shielding around the target equipment or operator
control / work station.

e. Purchase equipment designed to withstand the newly specified
radiation environment.

O

O
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PSO RESPONSE (2) (v11)
TABLE (2) (wit)-1. POST-ACCIDENT REACTOR COOLANT SOURCE TERHe

Isotope Curt e Isotope Curtes isotope Curtes _ isotope Cortes Isotope Curtes

AC108 7.187-03 AG l09t 2.7f +05 AC110 * 0 71+04 AC11(H 9.72t+02 AClli 5.565+04-

AClllH 5.562+P4 ACll2 2.247+04 Ac t l h 1.694+04 Acil4 1.310+04 AC115 6.890+03

AC115M 2.438+03 Acil6 9. 54 5 +0 3 ACll7 5. t87403 AS76 6. 517 +00 AS77 2.439+03

AS78 7 337+03 AS79 1.020+04 AS80 1.843+04 A$ol 5.326+04 AS85 7.355+04

BA135h a.529+01 B Al 37H 1.196+05 BA139 1.783406 BA140 1 692+06 BAl41 1.736+06

BA142 1.404+06 bat 43 7 051406 BA144 4.406+0L BR80 4.33t+01 BR8(M 4.195+01

BR82 6.933+04 BR83 5.365+06 BR84 8.382+06 BR84H 7.60 $ +05 iR85 1.162+07

BR87 1 957+07 BR88 2.323+07 BR89 2.031+07 BR90 1. 99 h 47 CDillN 7. 498 +00

CDil m 9 685-02 Tr*15 8.736+03 CDil5M 6.127+02 CD117 2 935+01 CDil ht 2.915+03

CDll8 8. 769 +03 CDil9 8.769+03 CD121 9.545-03 CE141 8.765+06 CE142 6.854-10
CE141 1.4 90 Wi, CE144 1.258+06 CE145 9.699+05 CEl46 7.44 t +05 CE147 4.835+05

CE148 3.038*05 CS134 6.965t04 CSl34H 1.845+04 CSI35 2.371-01 CS136 3.209+04

CS137 1.279+00 CS138 1.849+06 CS139 1.781+06 CS140 1.522+06 CS141 1.151+06

CS142 5.855+05 CS143 2.278+05 CS144 6.013+04 DY165 1.248+02 Dfl65M 1.076402

DYl66 6.693+00 Et" 54 2.504 +03 Eul55 6.066+04 EUl56 2.045+G4 EUl57 1.657+04

EU159 3 551+03 EU160 1.168 +03 CA72 3.751+00 CA73 6.349+01 CA74 1.641+02

CA75 4.055402 CA76 9.48+202 CD159 4.853+03 CDl61 7.244 +02 CD162 4.542+02

CE75 4. 059 +02 CEf5M 1.633+01 CE77 1.180 +03 CE7 M 1.656+03 CE78 7 337+03

H0166 1.913+01 1124 9 975404 II29 1. 833 +00 1130 1.547+06 1831 5 258+07

* Values based on 3 years continuous operation at 3.579 HW(t). Release to reactor coolant of 100 per cent of the noble gas innentory.
50 per cent of the halogen inventory, end I per cent of the inventory of all others. No credit han heen taken for radioactive decay.

b
I

N ~

C
$

.

6



- - - __ - _ . --

O O O

PSO RESPONSE: (2) (v11)
TABLE (2) (v11)-1 (Continued). POST-ACCIDENT REACTOR COOLANT SOURCE TERM

isotope Curtes isot op Curtes Isotope Curtes feetope Curles footope Curtes

1832 7.444t07 1I33 8. 604 +07 1134 1. ! ! 3 +08 1135 8.808t07 1136 3.597+07
.

1137 4.5*4407 uU9 3.166 +0 7 1139 3.4 54 +0 7 INil5 1.688-11 IN!!5M 8.736+03
INil6 3 715+03 INl t et 2.890+03 INil7 4.295+03 INllM 2.935403 INil8 8 769+03 i

INil9 1.282+03 IN1191 8 110 t03 IN120 9 202401 IN121 4.989+03 IN121M 5.225 +03

IN123 2.300404 KR81 5.494-05 Ek8 M 1.073+07 KR85 1.073+06 KR85M 2.326+0)
KR87 4.134+07 KR88 6.049+07 ER89 7.133+07 KR90 7 308+0F KR91 4.706+07
KR92 2.358+07 KR93 5.841+06 KR94 4.102+06 KR9' 8.590*04 KR97 5.136+02
1.A140 t.795+0G l.A141 1.768406 f.A14 2 1.553406 1.A143 1.455+06 1.A144 1.159+06

M099 1.807t06 M0101 1.689406 Hol02 1.590+06 M0103 1.317+06 M0104 1.031+06

M0105 b.177+05 N89 M 2.516-01 N894 2.272-08 Ns94H 6.700-04 M895 1.698*06
D895H 3.333+04 NB96 2. 8 7 7 +0 3 N897 4.745+06 N89M 1.633+06 NB98 4.875+04

NB91H 1.708,06 NB99 1.751+06 N5100 1.958+6G NB101 1.402+06 ND144 e.388-09+

N,

j NDlO 6.009+05 D149 3.779+05 NDISI 1.865+05 PD107 1.453-01 PD109 2 783+05
! PD1091 2.763+02 roll! 5.562+04 PDil lM 7 673+07 PLil2 2.248+04 PDil3 1.673+04

PDil4 1 266+04 PDli5 8 368+03 PDil6 9.373+03 PM147 2.393+05 PM148 1.299+05
PMl4tM 1.720+04 PM149 4.918*05 PM151 2.025+05 PM152 1.417 +05 PM154 5.057+04

PR142 7.559t04 PR143 1.484P6 PRl44 1.267+06 PR145 9.824+05 PR146 7.824+05

PR147 5.8 J1 +0 5 PR148 4. 832 +05 R886 8.80l+02 RB86M 9.628+01 R887 2.415-05
RB88 6 109+05 RB89 7.817+05 R890 9.735+05 RB91 ?, T.G *05 RRC2 9.692+05

IL. H 8 922+05 RB94 5.605+05 RB95 2.594+04 Rs97 9.076+01 RH10M 1.431+06

R H104 5 386+05 R H104M 3.826+04 RH105 1.091+06 R H109t 2.650+05 RH106 7 312+05
RH106M 1.215605 RH107 7.519+05 Ril108 5.683+05 ' RH109 2.621 +05 Rifl03 1.461+06

o RU105 1.262>06 Rul06 6.8 " A)5 RU107 7.30l+05 3U108 5.250+05 Sal 22 1.770+02'
..
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PSO RESPONSE (2) (vil)
TA81.E (2) (vli)-1 (Continord). POST !.CCIDENT REACTUR COOLANT SOURCE 11HH

!

Isotope Curtec Isotope f'.rtes Teotope Curtes footope p ries isotope Curtes

Sal 22M 2.849600 SB124 1.059104 58124H 9.520+03 SB125 9.044+03 58826 3.077+03,

* $8126H 2.249603 Sal 2 7 1.111+05 58128 4.649+03 Sel294 1.603+05 55129 2.954+05
58130 6 904+05 55131 c.uGl405 Sal 32 9.574+05 58133 6.818tC3 Sal 34 2.437+05
5B135 1.313*05 SE7 7H 4.370+0! SE19 4.076-01 SE794 1 021+04 S E81* 5.397+04
SE81M 2.141403 SE83 5.279+04 SE8M 5 404+0s SE84 1.640,05 SE85 1.937+05

'

SE87 2.470+05 SHl47 2.556-06 SM148 1.130-09 SM149 6.553-12 SN151 1.363+02

.

SMI53 2 914605 SN155 5 322+04 SNllM 3.772-02 SNilSH 5.526+0! SN121 1.02t+04
) SN121H 1 30l+00 SN123 1.716+03 SN12 h 2 330+04 SN125 1 575+04 SN125M 5.784+02
; SN126 5.268-01 SN127 .377+04 SN128 1 550+05 SN130 3.32t+05 SN131 2.826+05

SN132 1.370,05 SR89 s,046+05 SR90 8.819+04 SR91 1.026+06 SR92 1.113+06
4 SR93 1.331+06 St.94 1.281+06 SR95 1 196 +06 SR97 1.366+05 75160 4.427402-

, C Tal61 9 317+02 TB162 5.190+06 T8163 2.163602 TC99 1.697+01 TC99H 1 590+06
TCIDO 1.456,05 TC101 1.699+06 Tcl02 1.642+06 TC103 1.468+06 TC104 1.405+06
TC105 1.180t06 Tcl07 4. 914 +0 5 TC108 2.643+05 TE125M 1.857+03 TE121 1.099+05
TEl 2 M 1.682+04 TE129 2.810+05 TE129H 4.646+04 " * 31 8. 607 t05 TE131N 2.227+05
TE132 1.489+06 TE133 6.356+05 TC t 3 M 1.073,06 TE134 1.694+06 TE135 8.103+05
XE13tH 6.299+05 XE133 2.021+08 IE13 M 6.993+06 XEl35 3.50l+07 IE135M 6.077+07
XE137 1.684+08 XE138 1.587*08 KE139 1.414408 IE140 6 933t07 IEl41 2.112 +07
XE142 4 728+06 XE143 6 961+05 XEI44 7.516+04 Y891 8.046+01 Y90 9.273,04>

191H 6. 517 +0 5 191 1.10l +06 Y92 1.167+06 Y93 1.364+06 Y94 I.414+06
195 1.626+06 Y96 1.505+06 Y97 1.229+06 ZN72 % 751+00 ZN73 6.349+01'
ZR93 3.460,00 ZR95 1.666+06 ZR91 1.652+06 ZR98 1 639 +00 ZR99 1 363*06

, Y. TOTAL 2.026+09r
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10 CF% 50.34(e)(2)(viii) POST-ACCIDENT SAMPLING

NRL POSITION:

(2) To satisfy the following requirement, the application shall
provide sufficient information to demonstrate that the required
actions will be satisfactorily completed by the operating license
stage. This information is of the type customarily required to
satisfy 10 CFR 50.35(a)(2) or to address unresolved generic
issues. (NUREG-0718, Category 4)

(viii) Provide a capability to promptly obtain and analyze
samples from the reactor coolant system and containment
that may contain TID 14844 source term radioactive
materials without radiation exposures to any individual
exceeding 5 rem to the whole body or 75 rem to the
extremities. Materials to be analyzed and quantified
include certain radionuclides that are indicators of the
degree of core damage (e.g., noble gases, iodines and
cesiums, and non-volatile isotopes), hydrogen in the
containment atmosphere, dissolved gases, chloride, and
boron concentrations. During a meeting between the NRC
Staff and the near-term construction permit applicants on
April 8, 1981, the NRC Staff clarified this requirement to

(~} indicate that construction permit applicants cust commit
\~/ to meeting the guidelines for post-accident sampling

contained in Section II.B.3 of NUREG-0737, " Clarification
of TMI Action Plan Requirements." (NUREG-0718 II.B.3)

PSO RESPONSE:

Introduction

Prompt sampling and analysis of reactor coolant and of containment
atmosphere can provide information important to the efforts to assess
and control the course of as accident. Chemical and radiological
analysis of reactor coolant liquid and gas samples can provide
substantial information regarding core damage and coolant
characteristics. Analysis of containment atmosphere (air) samples can
determine if there is any prospect of a hydrogen reaction in

! containment, as well as provide core damage information. Following an
accident, significant amounts of fission products may be present in the
reactor coolant and containnent air, creating abnormally high radiation
levels throughout the facility. These high radiation levels may
interfere wi th timely sampling and analysis activities. In addition,
the abnvrmally high background radiation, high sample radiation, and
hign levels of airborne contamination may render in-plant radiologieni
spectrum enalysis equipment inoperable during and af ter an accident.

Review of BFS Design
OV

An engineering review of the originally planned BFS sampling and
analysis facilities has been performed. The BFS sampling and analysis
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hPS0 RESPONSE: 10 CFR 50.34(e)(2)(viii)_

facilities will be redesigned and will meet the requirements for
post-accident sampling and analysis found in Section II.B.3 of
NUREG-0737, " Clarification of TMI Action Plan Requirements."

There are no questions regarding the technical feasibility or the
state-of-the-art of the required post accident sampling and analysis
capability, nor are there any concerns as to the ability to provide
appropriate sampling and analysis facilities in the BFS design.

Nature of Review

A summary of the engineering review follows:

1. Sample Station Locatig

Since the original sample station was determined to be inaccessible
during some accident conditions, a new sample station location was
selected using the listed criteria in the following four areas:

a. Radiation Protection

Limit radiation exposures to personnel involvet in sampling and
analysis activities to 5 rem to the whole body c,- 75 rem to the h
extremities.

b. Impact on Present Design

Location of the sample station will not adversely affect the
function of equipment or facilities already located in various
BFS buildings.

c. Accessibility

Accesc to the sample station or laboratory facilities will not
be pronibited by excessive radiation levels er physical
barriers,

d. Sample Line Length

Sceple line lengths will be minimized to reduce plate out and
to reduce the vo'.ume of fluids required for purging.

Eight locations were evaluated using these criteria. A new sample
station located in the turbine building on the 621 ft. elevation
(see Figure (2)(viii)-1 for the arrangement) was selected as the
most appropriate when considering the above criteria.

O
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2. Sa-nle Points

the samples required to provide peat accident samplir.t capability
include liquid samples of reactor water, suppression peol water and
various containment sucps, and gas samples from the concainment
atmosphere and Standby Gas Trectment System (SGTS) intakes. The
various systems were reviewed to select the most feasible sample
point locations for these samples. The sample points selected are
shown in Table (2)(viii)-1.

3. Radiation Protection

Preliminary shielding analysis of this sample station location
indicates that the existing shielding in this area will maintain
the radiation levels from containment shine as well as from
equipment / component shine due to systems inriolved in the mitiga tino
of an accident, assuming TID 14844 source terms, to less than 100
mR/hr. With exposure rates at this level during sampling and with
dilution capabilities designed in the sample station to reduce
exposure rates during analysis, the exposure limits stated ir Jie
above requirement will be met.

('/)'- 4. Sample Analysis

Facilities for the analysis of the post accident samples taken from
the sample points listed in Table (2)(viii)-1 will be in the
General Services Building. Radiological analyses for certain
radionuclides that are indicators of core damage (e.g., noble
gases, iodines and cesium and non-volatile isotopes; will be
performed in the counting room and chemical analyses (for chloride,
hydrogen, dissolved gases, and boron) in the laboratory or with
on-line instrumentation. The chemical sample analysis stations are
equipped with fume hoods to minimize airborne contamination in the
labo rato ry.

Time for the sample collection and analyses will not exceed the
following:

o radiological: three hours

e boron: thr:e hours, if boron injection was initiated

e chlorides: twenty-four hours

total dissolved gas or hydrogen: three hourse

dissolved oxygen: veri:ication that dissolved oxygen is < 0..e7_( ,) ppm if chloride concentration exceeds 0.15
ppm

116 19-111381
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accuracy, range and sensitivity of the analyse trill be adequate to
provide pertinent data to the operator in order to describe
radiological and chemic.sl status of the reactor coolant system.

Conclusion

The BFS sampling a:.d analysis facilities will be redesigned and will
meet the requirements for post-accident sampling and analysis found in
Section II.B.3 of NUREG-0737.

O

O
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TABLE (2)(viii) - 1
<

SAMPLE POINT LOCAi10NS AND ANALYSIS

E

$$ '

#= s. -

,

$ $b E

$ .h kN h
9 &ls +x-

Sample Sample Point Description @ WO

Reactor W ner Jet Pump 5 lower flow sensing X (1) X X (2)
instrument line af ter dryvnll
penetration.

Reactor Water det Pump 15 lower flow sensing X (1) 7. X (2)
~

instrument line after drywell
penetration.

Reactor or Suppression RHR Heat Exchanger BA001C effluent line X (1) X X (2)
{ Pool Water

Reactor or Suppression Pool Water RHR Heat Exchanger BA0010 effluent line X (1) X X (2)
Suppression Pool Water Suppression Pool level instrument line X (1) X -

Containment Sump Water Containment sump pump discharge header X

Auxiliary Bldg. Sump Water Auxiliary Building floor drain sump pump
discharge X

Fuel Bldg. Sump Water Fuel Building floor and equipment drain
sump pump discharge X

Auxiliary Building Atmosphere Auxiliary Building exhaust duct X

Fuel Building Atmosphere Fuel Building exhaust duct in SGTS plenum X

y Annulus t.imosphere Annulus exhaust duct in SGTS pleren X

Annulus Fan Room Duct Atmosphere Annulus fan room duct in SGTS plenum X

y Containment Atmosphere Containment atmosphere samples at two
elevations, El 610' and El 634' X X-

|
(1) Only if boron injection was initiated.

(2) Verification that dissolved oxygen is < 0.1 ppm if chloride concentration exceeds 0.15 ppm.-

!
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10 CFR 50.34(e)(2)(x) TESTING REQUIREMENIS

NRC POSITION:

(2) To satisfy the foll %Jng requirement, Re application shall
provide sufficient intormation to demoe trate that the required
actions will be satisfetorily completed by the operating license
stage. This information is of the type customarily required to
satisfy 10 CFR 50.35(a)(2) or to address unresolved generic
safety issues. (NUREG-0718, Category 4)

(x) Provide a test program and associated model developaent and
conduct tests to qualify reactor coolant system relief and
safety valves and, for PWR's, PORV block valves, for all
fluid conditions expected under operating conditions,
transients and accidents. Consideration of Anticipated
Transients Without Scram (ATWS) conditions shall be included
in the test program. Actual testing under ATWS conditions
need not be carried oi.t until subsequent phases of the test
program are developed. (NUREG-0718, II.D.1)

PSO RESPONSE:

Introduction

The Three Mile Island-Unit 2 accident sealence included the failure of
a power operated relief valve to close. Utis failure raised a question
about the performance qualification of tw types of valves in the
primary coolant boundary, i.e., safety and relief valves.

The conditions under which relief and safety valves must function and
the transients which might affect safety / relief valve operation are
different in a boiling wate.r reactor (BWR) like EL:ck Fox as compared
to a pressurized water reactor like TMI-2. In a BWR, a stuck-open
relief valve, either by itself or in conjunction with a loss of
feedwater transient presents no threat to adequate core cooling. It is
a design-basis accident and has been analyzed extensively.

Equipment Deseription

Black Fox 5tation unit has nineteen dual function Safety / Relief Valves
(SRV) located inside the containment on the four main steam lines which
transport steam from the reactor vessel to the turbine. The primary
purpose of the valves is to prevent damage to the reactor system
resulting from excessive water / steam pressure.

The SRV's can be opened in two ways. For the " Safety" function, each
SRV is provided with a spring which keeps the valve closed. The spring
is adjusted so that a particular pressure in the steam line must be
reached befora the valve begins to open. The SRV closes when the

O Pre e re te reaecea hete the v 1ve ePr1 8 "eetPei t "
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PSO RE3PONSE: 10 CFR 50.34(e)(2)(x) Ih

Fcr the " Relief" function, each SRV is equipped with an air operator,
the actuation of which opens the valve. Actuation is caused by an
electrical signal which has three sources: pressure sensors on the
reactor vessel which cause the SRV's to open at pressures slightly
lower than those of the " safety" function; a switch in the control room
with which the operator can open individual SRV's; and instruments in
the Automatic Depressurization System which cease eight SRV's to open
if high pressare cooling systeme f ail to operate when required. Valve
closure can occur either by operator manual action or autossti.: ally
when reactor pressure is reduced.

.

SRV'c for BWR's are designed and qualified for saturated steam flow.
However, full water or two-phase (steam / water mixture) flow through the
SRV's =ay occur under some accident conditions, and such flow may
increase the dynamic forces on valve internals, piping and supporte
o.er those that would be expected from saturated steam flow conditions.

Response te Requirement

The BWR Ownere' Group, an organization of utilities operating or
building Boiling Water Reactors, developed a program to qualify safety
and relief valves in response to the requirements of NUREG-0578.
Publin Service Company of Oklaho=a is a member of this Group. ||h
!bture of Study

The NRC requires that testing be conducted under expected operating
conditions for design basis transients and accidents. An evaluation
was performed of the events selected from the transients and accidents
identified in Regulatory Guide 1.70 Rev. 2, Table 15-I which have the
potential of producing liquid or two-phase flow discharge from the
SRV's. The conclusion reached after a detailed review of a3.1
identified events is that a test which simulates the alternate shutdown
cooling node should be performed. This is an anticipated operating
condition whien has been considered in the design and analysis of
BWR's. In this event, the SRV is expected to operate with low-pressure
(250 psig) water. Two-phase fluid is not expected to flow through the
SRV's in this mode cf operation.

A test program was developed to qualify the SRV's under the alternate
shutdown cooling mode. The test program had two objectives:

1. To demonstrate the capability of each type of SRV used or to
be used in BWR's to operate under the baunding cases of
low-pressure water with resultant typical pipe loads on the
valve.

2. To measure the loads on the valve discharge line during water g
flow througr. the SRV's.

121 19-111381
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The type of SRV purchased for Black Fox Station, the 8 x 10 Dikkers
direct-acting valve, was included in the test program. The 8 x 10
Crosby valve used by other BWR-6 plants and which could be used in
Black Fox, was also in the test program. Testing was performed,

,

controlled ar.d documented consistent with the requirements of NRC
regulations. The tests were performed by Wyle Laboratories in their
Huntsville, Alabama facility during the first haJf of 1981.

The test setup, including the valve, discharge piping and supports was
arranged to represent a typical BWR plant and to permit data obtained
to be used for analyses of a specific plant. Instrumentation was
supplied and located to provide adequate measurement and recording of
pipe loads and fluid conditions for proper analyses. An adjustable
orifice was installed on the discharge line to vary back pressure at
the valve.

The test was designed to simulate, as close as reasonably possible, the
conditions for the alternate shutdown cooling mode. Af ter being heated
by using 1000 psig saturated steam the valve was commanded to open,
reflecting the valve's relief mode of operation. Steam at a pressure
of 1000-1200 psig flowed thorugh the valve for approximately five
seconds. The valve was then allowed to cool to a temperature ofO approximately 210' F. Water was then admitted to flow through the;

valve at pressures up to 250 psig and temperatures slightly lower than
saturation. Flow was maintained for approximately five seconds and was
regulated by controlling the back pressure through adjustment of the
orifice size.

Two tests as described above were made plus another test using water
4 approximately 50' F cooler during the water flow portion of the test.

During all portions of the test, data was received from the instruments
and recorded. The tested SRV's were given a detailed examination to
check for damage. The preliminary conclusion from the results of the
test program is that the SRV's qualify for the tested conditions.

!
A final report will be prepared by the Owners' Group containing all
test data and documenting the SRV's successful operation in the
alternate shutdown cooling mode. It will also present an analysis of

,

the loads on the valve discharge piping during the test and compare
,

tnose with the design of the test setup. The Owners' Group report is
| scheduled to be submitted directly to the NRC Staff in the fourth

quarter of 1981.

Conclusion

PS0 vill review the Owners' Group test report after its acceptance by
() the NRC Staff. Should the Staff conclude that valves and piping be

qualified for operating conditions in addition to that currently
defined by the Owners' Group, PS0 will participate in any additional

122 19-111381
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testing programs, and document the applicability of the results to
Black Fox Station.

O

!

|

|

I
!

O
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O 10 CFR 50.34(e)(2)(xi) RELIEF AND SAFETY VALVE POSITION INDICATION

j NRC POSITION:

(2) To satisfy the following requireuent, the application shall
provide sufficient information to demonstrate that the required
actions will be satisfactorily completed by the operating license
stage. This information is of the type customarily required to
satisfy 10 CFR 50.35(a)(2) or to address unresolved generic safety _
issues. (NUREG-0718, Category 4)

(xi) Provide direct indication of relief and safety valve
position (open or closed) in the control room. (NUREG-0718,
II.D.3),

. PSO RESPONSE:
1
U

Introduction
1

The accident at Three Mile Island-Unit 2 (TMI-2) on March 28, 1979

involved a main feedwater transient coupled with a stuck-open,

; Power-Operated Relief Valve (PORV) and a temporary failure of the
'

auxiliary feedwater system. The PORV position indication in the
control room was provided indirectly by the open or close command

i /"T signals. After opening normally during the initial high pressure
V transient, the PORV was commanded to close as pressure decreased. The!

control room indication showed the valve to be closed when it actually
remained open. The equivalent system at BFS is the Safety Relief Valve

(SRV).

t Commitment

PS0 recognizes the importance of providing unambiguous indication to
the control room operator and commits to provide direct indication of
SRV position in the control room with a safety grade valve position |
detection device and direct indication in the control room.

,

System Description

! The existing SRV position indication operates indicating lights and an
alarm signal in the control room. The lights and alarm indicate an SRV
open condition. Input to the indicators is provided by the automatic
or manual open-close command signals initiated by the operator or by
the logic. This system indicates only desired valve position and not
actual position.

! ,

in which the actual valve position does not correspond to the command
In addition, valve leakage monitoring is provided to detect a situation

signal. SRV leakage monitoring consists of a thermocouple in the'

; discharge pipe of each SRV. The thermocouple signal is input to a

() control room back panel recorder with annunciation at the normal
; operator location. If a temperature sensor exceeds the alarm setpoint,

the recorder chart drive will automatically start to record and the'

annunciator will alert the operator.

124 19-111381
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The main function of the monitoring system is to detect a leaking SRV,
but it can also detect an inadvertently opened SRV. The high
temperature indication, however, is ambiguous, because the temperature
ranges for leaking and open valves overlap. The alarm condition does
not necessarily indicate whether the valve is open or leaking. This
ambiguity misled the operators at TMI-2, who otherwise would have been
able to terminate the accident on receipt of an unambiguous correct
position indication.

Design, g y ch for Sensor

PS0 proposes to use hermetically sealed limit switches mounted on the
valve as the position detection device. This indicator will be safety
grade and will be seismically and environmentally qualified. The
switch will be powered from a 1E power source. This approach is known
to be technically feasible and within the present state-of-the-art.

Control Room Indication

Direct open and closed position indication will be provided to the
operator for each SRV on the Emergency Core Cooling benchboard. The
direct position indication signal will provide an audible and visual 19

|||alarm signal to the operator in the control room. Black Fox Station
also incorporates the GE !bclenet 1000 Control Complex which will
incisde an adv;rce design, computer based CRT display system. SRV
position signals will be provided as input to this system.

,

O
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O 10 CFR 50.34(e)(2)(xii) AUXILIARY FEEDWWFR SYSTEM AJT0MATIC INITIATION
INDICAI[Lj' i,

^
AND FLOW

,

NRL POSITION:

(2) To satisfy the following requirement, the application shall
provide suf ficient information to demonstrate that the required
actions will be satisfactorily completed by the operating license
stage, This information is of the type customarily required to,

satisfy 10 CFR 50.35(a)(2) or to address unresolved generic>

safety issues. (NUREG-0718, Category 4)

(xii) Provide automatic and manual auxiliary feedwater (AFW)
,

! system initiation, and provid v auxiliary feedwater system
flow indication in the control room. (Applicable to PWR's-,

4 only). (NUREG-0718, II.E.1.2)

PSO RESPONSE:

This requirement is applicable to Construction Permit applications for
Pressurized Water Reactors only and hence does not apply to Black Fox
Station.

i

!

|C:)

,
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1

4

O 10 CFR 50.34(e)(2)(xiii) RELIA 3ILITY OF POWER SUPPLIES FOR NATURAL
CIRCULATION i,

| NRC POSITIO!4:

(2) To satisfy the following requirement, the application shall'

provide sufficient information to damonstrate that the required
actions will be satisfactorily completed by the operating license -

,

stage. This information is of the type customarily required to
satisfy 10 CFR 50.35(a)(2) or to address anresolved generic1 ,

safety issues. (NUREG-0718, Category 4)
1

(xiii) Provide pressurizer heater power supply and associated
motive and control power interfaces sufficient to
establish and maintain natural circulation in hot standby
conditions with only onsite power available. (Applicable
to PWR's only). (NUREG-0718, II.E.3.1)

i PSO RESPONSE:

; This requirement is applicable to Construction Permit applications for
Pressurized Water Reactors only and hence does not apply to Black Fox4

Station,

O.

;

.

i ,

k
i

t

.

,

a

O
V

.
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10 CFR 50.34(e)(2)(xiv) ISOLATION DEPENDABILITY

NRC POSITION:

(2) To satisfy the following requirement, the application shall
provide sufficient infor=ation to demonstrate that the required
actions will be satisfactorily completed by the operating license
stage. This information is of the type customarily required to
satisfy 10 CFR 50.35(a)(2) or to address unresolved generic safety
issues. (NUREG-0718, Category 4)

(xiv) Provide containment isolation systems that:

(A) ensure all non-essential systems are isolated
automatically by the containment isolation systec,

(B) for each non-essential penetration (exceot instrument
lines) have two isolation barriers in series,

(C) do not result in reopening of the containment
isolation valves on resetting of the is;1ation signal,

(D) utilize a containment setpoint pressure for
initiating contriinment isolation as low as is
compatible with normal operation,

(E) include automatic closing on a high radittion signal
for all systems that provide a path to the environs,

f3 (NUREG-0718, II.E.4.2)

U
PSO RESPONSE:

Introduction

The NRC Staff evaluation of the containment isolation experience at
TMI-2 showed that design features at some other plants may be
inadequate in three respects. First, the lack of diverse actuation
signals was a contributing factor at TMI-2 in not isolating the
containment until af ter a significant quantity of water had been pumped
from the containment sump into the auxiliary building. Second, the
sequence of events at TMI-2 illustrated the need for careful
reconsideration of the isolation provisions of non-essential systems
inside containment. Third, the experience gained at TMI-2 indicates
that the resetting of the containment isolation signal in some designs
may result in automatic reopening of some containment isolation
valves. The NRC Staff's continued evaluation of this experience
resulted in the above requirement.

Containment Isolation Description
,

,

The primary objective of the BFS containment isolation design basis is
to provide protection against releases of radioactive materials to the
environment as a result of accidents. This objective is accomplished
by automatic isolation oi' appropriate lines that penetrate the

(~T containment ressel. Containment isciation is automatically initiated4

'# by diverse signals as illustrated in PSAR Table 6.2.9.

j 128 19-111381
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hPSO RESPONSE: 10 CFR 50.34(e)(2)(xiv)

The containment isolation signals result in closure of those fluid
penetrations that support systems not required for emergency
operation. Those fluid penetrations for essential systems have
manually initiated isolation valves which may be operated from the
control room.

The isolation criteria for BFS isolation valves conforms to the General
Design Criteria 54, 55, 56, 57 and NRC Regulatory Guide 1.11,
" Instrument Lines Penetrating Primary Reactor Containment." Redundancy
and physical separation is included in the electrical and mechanical
design to ensure that nc single failure prevents containment isolation.

On signals of high drywell pressure, low water level in the reactor
vessel or high radiation all isolation valves that are part of systems
not required for emergency shutdown of the plant are closed. The same
signals will initiate the operation of systems associated with the
E=ergency Core Cooling Systems (ECCS). The isolation valves which are
part of the ECCS may be closed by =anual initiation from the control
room.

Compliance With Standard Review Plan 6.2.4

The BFS containment isolation design meets the reco==endations of |h
Standard Review Plan Section 6.2.4, Rev. 1. The present containment
isolation design has been reviewed and accepted by the NRC (Reference:
Black Fox Station SER, NUREG-0190, Section 6.2.4).

Identification of Essential and !bnessential Systems

All BFS systems penetrating the containment have been designatad to be
essential or nonessential systems according to the following
definition:

1. Essential

Essential systems are those critical to the immediata
mitigation of any event that re.sults in automatic containment
isola tion. Essential systent are not automatically isolated
oy accident signals.

2. Nonessential

Nonessential systems r.re those not critical to the mitigation
cf any event that results in containment isolation.
Nonessential systems are automatically isolated by accident
signals. Af ter automatic laolation, the operator may choose
selectively to reopen the vcives as they are needed, while the
accident signal is still present. This permits the operator ggg
to use all available systems to cope aith an accident, while
still =aintaining the effectiveness of the containment.

129 19-111381
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PSO RESPONSE: 10 CFR 50.34(e)(2)(xiv)

FSAR Table 6.2.9 lists the systems penetrating the containment,.,

j provides the source of the actuation signals and gives a justification
for the essential or nonessential designation of each system.

.

; Isolation of Nonessential Systems

All nonessential penetrations meet the requirements of GDC 54, 55, 56,
or 57 as clarified by Standard Review Plan 6.2.4, Rev. I and Regulatory
Guide 1.11. These penetrations are listed in PSAR Table 6.2.9 and the

'

valve arrangement is shown in PSAR Figure 6.2-15. The isolation of
nonessential systems is performed automatically by independent signals
derived from diverse parameters. Separate switches are provided,
whereby the operator may reset the containment inboard or outboard
isolation signal with an accident signal present. The operator may
then selectively open the individual valves needed to operate available
systers to cope with the accident,

e

Resetting of Isolation Signal

The design of the controls for automatic containment isolation is such
that the containment isolation valves will not reopen on reset of the
isolation signal. Each valve must be individually opened by deliberate~s
operator action. Therefore, ganged reopening of containment isolation
valves will not be utilized.

Containment Pressure Isolation Setpoint

The containment isolation setpoint pressure for BFS is approximately 2
psig (drywell pressure) . Under normal operating conditions,
fluctuations in the atmospheric pressure as well as heat inputs from
such sources as pumps can result in containment pressure increases on
the order of 1 psi. Consequently, the isolation setpoint of 2 psig
provides a 1 psi margin above the maximum expected operating pressure
to allow for instrument error. It reduces the possibility of spurious
containment isolation and provides a very sensitive and positive means
of detecting and protecting against the consequences of breaks and
leaks in the reactor coolant system.

High Radiation Isolation of Open Path Lines
,

All systems that provide a path from the containment atmosphere to the
environs (e.g., the containment purge and vent systems) will close on a
safety-grade high radiation cignal. The Containment Purge supply and
exhaust isolation valves automatically isolate upon detection of high
radiation in the purge exhaust duct.

Containment Purge Isolqf,1on Valves'

O The containment purge and vent isolation valves will satisfy the
operability criteria of CSB 6-4. See the response to
Requirement (2)(xv) for details.
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Conclusion

The present design of BFS for containment isolation meets the NRC Staff
requirements, and hence no codification of design is necessary.

O

O
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10 CFR 50.34 :e)(2)(xv) PURGING

NRC POSITION:

J
' (2) To satisfy the following requirement, the application shall

provide sufficient information to demonstrate that the required
actions will be satisfactorily completed by the operating license -
stage. This information is of the type customatily required to
satisfy 10 CFR 50.35(a)(2) or to address unresolved generic
safety issues. (NUREG-0718, Category 4)

(xv) Provide a capability for containment purging / venting
designed to minimize the purging time consistent with ALARA
principles for occupational exposure. Provide and
demonstrate high assurance that the purge system will

,

reliably isolate under accident conditions. (NUREG-0713,:

II.E.4.4)'

PSO RESPONSE:

Introduction

The accident at Three Mile Island Unit 2 resulted in unanticipated
leakage paths for radioactive gases and liquids from the containment to

O-
the auxiliary buildings. During the review of this matter the NRC
staff became concerned with respect to the adequacy of the purge system

!- and the isolation of that system. The containment purge system for
some plant designs may provide an open path to the environs for
accident releases prior to containment isolation. This concern is
mini =al for the Mark III containment due to the " defense in-depth"
design of the drywell, suppression pool, and containment. The reactor

! coolant system piping is enclosed in the drywell which communicates

j with the containment only through the suppression pool. Releases frca
the reactor system are subjected to the quenching and scrubbing action
of the suppression pool before entering the containment, so the
containment purge for Black Fox does not provide an open path for
reactor system releases in the same manner as other containment designs
may. Even so, the containment purge system has been reviewed for ALARA
considerations and isolation reliability.

'
Minimizing Purging Time

The requirement for minimizing containment purging / venting, is primarily
applicable to plants with contsirments that are not designed for
continuous occupancy during norcal operation. In these plants purging
is only necessary to reduce airbcrne radioactivity levels consistent

,

with maintaining occupational radiation exposures ALARA prior to
containment entry. The Black Fox Station containment is designed for
continuous occupacey during operation to fac!1icate plant operations'

and maintenance. This led to a PSO decision to continuously purge the

() containment during operation in order to mc intain occupational
exposures ALARA.
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The containment purge for BFS is accomplished by the containment
Heating, Ventilating and Air Conditioning (HVAC) system. The
contain=ent HVAC system consists of two supply Air Handling Units
(AHU) , six recircula ting AHU's, two exhaust fans, and two doce
recirculating fans (refer to Figure (2)(xv)-1). The objective of the
containment HVAC system is to provide an environment with a level of
air quality (te=perature, humidity, radioactivity, etc.) that will
e 1sure personnel comf art, health, and safety and efficient equipment
operation, while mair.:aining the exposure of personnel in the
containment ALARA.

During normal reactor operation, the containment is continuously purged
by the operation of a containment supply AHU and a containment exhaust
fan consistent with ALARA considerations. The AHU supplies outside air
that has been filtered and teepered to the containment. The exhaust
fan exhausts the purged air to the Plant Exhaust Vent System charcoal

j
filter (see Figure (2)(xv)-2) . This facilitatec maintaining off-site
doses ALARA.

Isolation Valve Performance

Isolation provisions for containment HVAC system penetrations consist
of three 18-inch diameter air operated butterfly valves in series on g
each penetration. The isolation valves will be the quick closure type W
capable of full closure in 5 seconds at the pressure, temperature, and
flow rate existing at the time of the accident. The valves will be
capable of closing at the containment design pressure, but the actual
; ressure at the time of isolation will be much less. The isolation
valves are Safety Class 2 and Quality Group B and will be designed in
accordance with Seismic Category I criteria.

The HVAC containment isolation valves will be independently actuated
from two separate divisions of standby power. The isolation valves are
designed to fail closed on loss of power. No single failure of the
safety-related actuating systems will preclude et least two of the
three serias isolation valves from closing.

The Laolction valves will automatically close within 5 seconds in
response in say one of the following conditions:

(1) High drywell pressure

(2) Low reactor water level

(3) High radistion level in the containment exhaust air flow

The signals for conditions (1) and (2) are provided by the Nuclear
Systems Protection System. The signal for condition 3 is provided by
four redundant, Class lE monitors of the Process Radiation Monitoring |||
System located in the exhaust duct upstream of the inboard isolation
valve.
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Isolation Valve Opecability

The isolation valves for the containment HVAC system will meet the
interim NRC guidelines on valve operability (see Table (2)(xv)-1) under
accident conditions as certified in PSAR Section 9.4.5.4 Inspection and
Testing Requirements, summarized below.

The ability of the HVAC duct containment isolation valves to meet the
valve isolation requirements will be demonstrated prior to delivery to
the station by any one of the following methods:

(1) Each HVAC duct containment isolation valve will be tested in
the manufacturer's shop with test conditions imposed during
the demonstration of the isolation valve closing equivalent
to the combined conditions which the valve is expected to
withstand when the isolation function is required.

(2) If the tests described in Item (1) above are not feasible or
practical, each HVAC duct containment isolation valve will be
tested in the manufacturer's shop under conservative

~

conditions which separatel; rimulate each of the loadings

(x-)>
which the valve is expected to withstand in combination
during th; isolation valve cleaing function. This testing
program vill be supplemented by analyses Jhich demonstrate
that the individual test loadings are sufficiently higher
than the anticipated conditions in combination to ensure
there are adequate margins for assurance of operability under
the combined loading conditions.

(3) If the tests described in Item (2) above are not feasible or
practical because of the manufacturer's test facility
limitations, the tests described in Item (2) will be
performed at various locations such as the manufacturer's
plant, an independent testing facility, or at the site
following installation. This method of testing will be
verified by analyses in the same manner as described in Item
(2) above.

(4) If the testing proceduras described in Item (3) above are
r.o t feasible or practical, containment isolation valves tha t
can be demonstrated to be equivalent to a prototype isolation
valve, which have successfully met the test requirements of a
valve operability a ssurance program, will not be tested if
the loading conditions for these valves are equivalent or
less severe to those imposed during testing of the prototype
valve. The test results of the prototype valve will be
documented. The prototype valve may be selected from a group

I) of similar valves which will be used in the unit. A
'#

prototype valve used in one nuclear power plant will be
deemed to qualify as a prototype valve for the other plant
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provided the system operating conditions of both plants and
the valve loading conditions at the time when the isolating
function is required are equivalent or the operating and
loading conditions in the proposed plant are less severe than
the conditions in the plant for which the prototype valve was
initially used. Valve suppliers vill be required to
demonstrate by analysis, testing, or combination of testing
and analysis that valves which may be open to the containment
following a pipe break accident will function under the
dynamic loadings associated with the accident. Analytical
and test results will be provided by the valve supplier in
the stress reports and test reports for the respective valve.

The HVAC containnent isolation valves will he analyzed using
the most stringent combinations of loads resulting from the
OBE or SSE. This is considered to be the normal condition
for these valves. Therefore, deformation and damage will not
occur and the valves will perform their intended function.

In addition to these tests and analyses, the HVAC duct containment
isolation valves will be tested for verification of operability during
a simulated seismic event (SSE) by demonstrating operational
capabilities within the specified limits.

The seismic test proposed is described as follows. The valve will be
mounted in a manner which will be conservatively representative of the
plaat installation. They will be installed including the actuator and
all appurtenances normally attached to the valve in service. The
operability ot the valve during the SSE shall be demonstrated by
satisfying the following criteria.

(1) The valves will be designed to have a fundamental frequency
which is greater than 33 Hz. This will be shown by test or
analysis.

(2) The actuator and yoke of the valve system will be statically
loaded to a load greater than that determined by analysis as
representing SSE acceleration applied at the center of
gravity of the actuator alone in the direction of the weakest
axis of the yoke. The simulated operational differential
pressure will be simulataneously applied to the valve during
the static deflection tests.

(3) The valve will then be operated while in the, deflected
position to perform its safety-related function within the
specified operating time limits.

(4) Motor operators and other electrical appurtenances necessary g
for operation will be qualified as operable during the SSE by
the appropriate seismic qualification star.dards described in
IEEE-344-1975.
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If the fundamental frequency of the valve, by test or analysis, is
less than 33 H , a dynamic analysis of the valve will be performed to
determine the equivalent accaleration which will be applied during the
static test. Tne analysis will provide the amplification of the input
acceleration considering the natural frequency of the valve and the
applicable floor response spectra to determine a conservatively
adjusting acceleration. The adjust acceleration will then be used in
the static analysis and the valve operability will be assumed by the
methods outlined in steps (2) through (4) above. As an alternate, the
valve including the actuator and other accessories. may be qualified by
a shake table test.

Using the methods described above, the HVAC containment isolation
valves will be qualified for operability during a seismic event to
ensure that they will perform their isciation functions where
necessary.

Prior to installation, in addition to the seismic tests, the following
tests will be performed on the HVAC containment isolation valves.

(1) Shell hydrostatic test to ASME III requi.ements

/~T
\_ / (2) Seat leakage tests

(3) Dise hydrostatic test

(4) Functional tests to verify that the isolation valves will
close within the specified time limit when subject to the
design differential pressure and other loading and
environmental conditions. Alternately, this testing
require-ent may be performed as part of the plant
pre-operational test program. Valve ec'tuators will be
qualified in accordance with IEEE-382-1972, as modified by
Regulatory Guide 1.73 (valves inside containment only) .

Con lusion

Since the BFS containment is designed for continuous occupancy, the
containment purging system for BFS functions continuously during normal
operation in a manner consistent with maintaining occupational
exposures ALARA. Hence, the requirement for minimizing purging time is
not a concern. In addition, as the foregoing discussion shows, the
containment purge for BFS is designed and will be tested to demonstrate
reliable isolation under accident conditions.

^
>
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\J TABLE (2)(xv)-1

Guidelines for Demonstration
of Operability of Purge and

Vent valves

Operability

In order to establish operability, it must be shown that the valve'

actuator's torque capability has sufficient margin to overcome or resist
the torques and/or forces (i.e. , fluid dynamic, bearing, seating.
friction) that resist closure when stroking from the initial open position
to full seated (buhtie tight) in the time limit specified. This should be
predicted on the pressure (s) established in the containment following a
design basis LOCA. Considerations which should be addressed in assuring
valve design adequacy include:

1. Valve closure rate versus time - i.e., constant rate or other.
2. Flow direction through valve; across valve.
3. Single valve closure (inside containment or outside containment

'valve) or simultar.eous closure. Establish worst case.
4. Containment back prissure effect on closing torque margins of air

operated valve which vent pilot air inside containment.
5. Adequacy of accumulator (when used) sizing and initial charge for

fs valve closure requirements.

(_) 6. For valve operators using torque limiting devices - are the settings (

of the devices compatible with the torques required to operate the
valve during the design basis condition.

7. The effect of the piping system (turns, branches) upstream and
downstream of all valve installations.

8. The effect of butterfly valve disc and shaft orientation to the fluid
mixture egressing from the containment.

Demonstration
|

Demonstration of the various aspects of operability of purge and vent
valves may be by analysis, bench testing, in-situ testing er a combination
of these means.

Purge and vent valve structural elements (valve / actuator assembly) must be
evaluated tu have sufficient stress margins to withstand loads imposed
while valve closes during a design basis accident. Torsional shear,
shear, bending, tension and compression loads / stresses should be
considered. Seismic loading should be addressed.

Once valve closure and structural integrity are assured by analysis,
testing or a suitable combination, a determination of the sealing
integrity af ter closure and long term exposure to the containment
environment should be evaluated. Emphasis should be directed at the
effect of radiation and of the containment spray chemical solutions on

('') seal material. Other aspects such as the effect on sealing from outside
' - ' ambient temperatures and debris should be considered.
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/ TSa following considerations apply when testing is chosen as a means for

demonstrating valve operability:

Bench Testing

A. Bench testing can be used to deconstrate suitability of the
in-service valve by reason of its tracability in design to a test
valve. The following factors should be considered when qualifying
valves through bench testing.

1. Whether a valve was qualified by testing of an identical valve
assembly or by extrapolation of data from a similarly designad
valve.

2. Whether measures were taken to assure that piping upstream and
downstream and valve orientation are simulated.

.

|

,
3. khether the following load and environmental factors were

t considered:

a. Simulation of LOCA
b. Seismic loading
c. Temperature soak
d. Radiation exposure
e. Chemical exposureO f. Debris

B. Bench testing of installed valves to demonstrate the suitability of
the specific valse to perform its required function during the
postulated design basis accident is acceptable.

1. The factors listed in items A.2 and A.3 should be considered when.

taking this approach.

In-Situ Testing

In-situ testing of purge and vent valves may be performed to confirm om
suitability of the valve under actual conditions. When performing such
tests, the conditions (loading, envircnment) to w'aich the valve (s) will be

| subjected during the test should simulate the design basis accident.

NOTE: Post test valve examination should be performed to establish
structural integrity of the key valve / actuator components.

1

I

|

|
!

i

|
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10 CFR 50.34(e)(2)(xvi) DESIG:1 EVALUATION

NRC POSITION:

(2) Tc satisfy the following requirement, the application shall
provide sufficient information to demonstrate that the required
actions will be satisfactorily completed by the operating
license stage. This informatioa is of the type customarily
required to satisfy 10 CFR 50.35(a)(2) or to address unresolved
generic safety issues. (NUREG-0718, Category 4)

(xvi) Establish a design criterion for the allowable number-of
actuation cycles of the emergency core cooling system and
reactor protection system consistent with the expected
occurrence rates of severe overcooling events
(considering both anticipated transients and accidents) .
(Applicable to B&W designs only). (NUREG-0718, II.E.5.1)

PSO RESPONSE:

This requirement is applicable to Construction Permit applications for
Babcock & Wilcox designed Pressurized Water Reactors only and hence

,

does not apply to Black Fox Station.

O

<

-

0
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10 CFR 50.a(e)(2)(xvii) ADDITIONAL ACCIDENT MONITORING INSTRUMENTATION

NRC POSITION:

(2) To satisfy the following requirement, the applicant shall provide
sufficient information to demonstrate that the required actions
will be satisfactorily completed by the operating license stage.
This information is of the type customarily required to satisfy 10
CFR 50.35(a)(2) or to address unresc1ved generic safety issues.
(NUREG-0718, Category 4)

(xvii) Provide instrumentation to measure, record and readout in
the control room: (A) containment pressure, (B)
containment water level, (C) containment hydrogen
concentration, (D) containment radiation intensity (high
level) and (E) noble gas effluents at all potential
accident release points. Provide for continuous sampling
of radioactive iodines and particulates in gaseous
effluents fro, all potential accident release points, and
for onsite capabi'.ity to analyze and measure these
samples. (NUREG-0718, II.F.1)

PS0 RESPONSE:

- Introduction

v}
The NRC Staff, as a part of its continuing program to provide
regulatory guidance to licensees and license applicants, has identified
the need for instrumentation to aid in accident diagnosis and control.
Information regarding a minimum group of plant variables is required by
the operators to (1) take preplanned manual action to accomplish safe
reactor shutdown, (2) determine whether the reactor trip, engineered
safety-feature systems, and manually initiated safety systems and other
systems important to safety are performing their intended functions
(i.e., reactivity control, core cooling, maintaining reactor coolant
system integrity, and maintaining containment integrity) , (3) determine
the potential for causing a gross breach of the barriers to
radioactivity release (i.e., fuel cladding, reae. tor coolant pressure
boundary, and containment) or determine if such a breach has occurred.
Instruments designed for monitoring normal operations may be
insuf ficient for monitoring accident extremes. Regulatory Guide 1.97,
" Instrumentation for Light Water Cooled Nuclear Power Plants to Assess
Plant & Environs Conditions During and Following an Accident," has been
revised by the NRC to provide guidance in the light of the TMI-2
accident. Among the variables to be monitored for a BWR as described
in Regulatory Guide 1.97 are (1) containment pressure, (2) suppression
pool water level, (3) containment hydrogen concentration, (4)
containment radiation intensity (high level) and (5) noble gas
effluents from all potential accident release points. NUREG-0718,
Revision 1, " Licensing Requirements for Pending Applications for

(' ') Construction Permits and Manufacturing License," states the
'" requirements for these five monitors for plants awaiting construction

permits shall be the same as the requirements for plan.s now operating
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and plants awaiting operating licenses as set forth in NUREG-0737,
" Clarification of TMI Action Plan Requirements." Public Service
Company of Oklaho=a (PS0) intends to provide these five nonitors in
compliance with Regulatory Guide 1.97, Revision 2 and in so doing will
also be in compliance with NUREG-0737.

Instrumentation Description

All the instrumentation will be capable of functioning to the extr at
required during and following an accident and all will have ranges
sufficiently large so as to be able to ceasure the accident extremes.
All instruments described below are within the state-of'" -art and
will be redundant, safety grade, seismically and enviro mestally
qualified for accident conditions including the span of 59 own

ceasured parameter range and powered from the onsite electrical system.

It is i=portant that the displays and controls added to the control
room as a result of this requirement not increase the pc.tential for
operator error, a human factor analysis will be perfor rl taking into
consideratica (a) the use of this information by an operator during
normal and abnormal plant conditions, (b) the integration of this
instrumentation into e=ergency procedures, (c) the integration of this
instrumentation into operator training, and (d) other alares occurring ||g
during an emergency and the need for establishing the priority among
alarms.

1. Contain=ent Pressure Monitors

Two redundant channels ceasu-ing and recording containment pressure
are provided. Containment pressure is taken with respect to the
shield annulus so that the taal i= pact of pressure transients on
the containment structure ran be ascertained. The range of the
transmitters and recorders shall be at least -3 to 60 psid. The
scale maximum represents four ti=es the design pressure of the
containment building. The transmitters may be located sutside of
the shield building in order to =ake these instruments accessible
during post-accident operation and to facilitate access for
maintenance. The recorders are located in the main control room as
shown in Figure (2) (rv11)-1.

Containment high pressure alares and annunciator windows are
located in the control room as shown in Figure ( 2) (xvii)-1. These
alarms, located in the normal operating area of the control room
are sufficient to alert the operators to abnormal pressure
conditions within the containment. Inputs from these instruments
will be provided for the operator CRT display.

O
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2. Suppression Pool Level Monitoring

Suppression pool level is monitored as part of the Suppression Pool
System. Two pairs of reduadant level transmitters measure
suppression pool level for control room indication, recording-and
alarming. Ranges cf chese instruments vill be specified from 1.5
feet above the bottom of the pool (which is below the ECCS suction
line) to 30 feet, which is about 4 feet above the top of the weir
wall. Normal pool level is 20.5 feet.

I Suppression pool transmitters are located outside of the shield
building for ease of maintenance and accessibility during
post-accident situations. The recorders are located as shown on
Figure (2)(xvii)-1.

3. Containment Hydrogen Monitors

Two redundant channels are provided for hydrogen nonitoring. By
j utilizing solenoid valves, each monitor is capable of obtaining a

sample from'either the drywell or containment atmospheres. The
.

monitors are mounted in the containment, approximately 180* apart,'

p close to their respective drywell penetrations. Hydrogen
V concentration measure = cats are made locally, and an electrical

signal proportional to concentration is transmitted to strip chart
recorders in the main control room. The sample is then returned to
its place of origin.

The hydrogen monitoring equipment is automatically activated upon
LOCA signal. Those components located in the drywell and
containment have been designed to withstand the post LOCA
environ =ent for 100 days. Ranges for the monitors will be from 0'

j to 30:: by volume.

4. Containment Radiation Intensity (High Level)

The BFS drywell and containment high level (1-10 R/hr gamma)
radiation monitors will be located in a manner to provide a
reasonable assessment of area radia.: ion conditions in the drywell

. and containment. Four high level monitors will be provided, two in
l the drywell and two cutside the drywell in tL; containment. These 19

monitors will be widely separated to provide independent monitoring

| of a large portion of the containment and drywell volume.

These monitors will be designed and calibrated to meet the energy

| response, redundancy, qualification and recommendations of 19
! NUREG-0737, Item II.F.1, Attachment 3.

1

|
:
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PS0 RESPONSE: 10 CFR 50.34(e)(2)(xvii) g
5. Noble Ca- Effluent Monitors

The plant exhaust vent and the standby gas treatment system vent
are gaseous release points for the BFS units. These vents will be

monitored by multiple d annels in og er to detect ngble gas
concentrations in the range from 10 g Ci/cc to 10 4 C1/cc.

The requirement for sampling of plant effluents is not monitoring
instrumentation per se, but is rather a sample collection and
analysis capability. This vill be provided in the manner specified
in NUREG-0737, as described below:

Sample collection: The release points with high range noble
gas effluent monitors will also have particulate and iodine
sampling capability. Iodine samples will be taken with a
charcoal or silver-zeolite cartridge and particulate samples
with a filter. The post-accident iodine and particulate
samples are extracted from the release point via the same
sample line as the monitoring line.

Sample transport: The sample cartridges will ne placed in a
portable shielded cask and taken to the counting room.

Sample analysis: Capability for the analysis of sample h
cartridges will be provided. Design of the counting facility
will consider the design basis sample.

The precise location of the sample collection station will be
selected upon completion of the post-accident shielding study
(Requirement (2)(vii)), and the location will assure that a worker
involved in the sample collection and transport operation will not
receive an exposure greater than 5 rem to the whole body and 75 rem
to the extremities.

Conclusion

The BFS design will provide for instrumentation to monitor
| (1) containment pressure, (2) suppression pool water level,

(3) containment hydrogen concentration, (4) containment radiation
intensity (high level), aad (5) noble gas ef fluents from all potential
accident release points. ?SO will provide these five monitors in
compliance with Regulatory 6i22 1.97, Revision 2 and in so doing will
also meet the guidance provided in NUREG-0737.

I
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i'_ 10 CFR 50.34(e)(2)(xviii) IDENTlFICATION OF AND RECOVERY FR03 CONDITIONS '

LEADING TO INADEOUATE CORE COOLING

NRC POSITION:

(2) To satisfy the following requirement, the application shall
provide sufficient information to demonstrate that the required
actions will be satisfactorily completed by the operating license
stage. This information is of the type customarily required to
satisfy 10 CFR 50.35(a)(2) or to address unresolved generic safety
issues. (NUREC-0718, Category 4)

(xviii) Provide instruments that provide in the control room an
unambiguous indication of inadequate core cooling, such
as primary coolant saturation meters .a PWR's, and a
suitable combination of signals from indicators of
coolant level in the reactor vessel and in-core
ther=ocouples in PRR's and BWR's. (NUREG-0718, II.F.2)

PSO RESPONSE:

Introduction

During the Three Mile Island accident, a condition of low water level

(~) in the reactor vessel and inadequate core cooling apparently existed
() and was not recognized for a period of time. The NRC Staff has_

concluded that the problen was the result of a combination of factors
including an insufficient range of existing instrumentation, inadequate
emergency procedures, human factor problets with control roo~ indicator
locations and the absence of water level measuring instrumentation on
the reactor vessel of pressurized water reactors (PWR). This problem
does not exist in BWR's for the following reasons.

Water Level Measurement

An observable water level during operation is an inherent feature of
the BWR concept and monitoring this water level provides a direct
indication of the status of core cooling. Principles af BWR operation
rely on a high quality water level instrumentation system that display
the reliable information to the reactor operator. Such a system is
included in the Black Fox Station (BFS) design as described below.

Vessel water level is measured by differential pressure trantaitters
which measure the difference in static head between columns of water.
One column is the constant " reference leg" outside the reactor vessel
while the other is the " variable leg" of reactor water level inside the
reactor vessel. The BFS station design uses 30 differential pressure
transmitters to provide level signals to automatic safety systems, 6
front panel indicators, 5 front panel recorders and the 10 front panel
CRT's. Figure (2)(xviii)-1 illustrates the ove lapping ranges that

() measure water level from below the bottom of the active fuel to the tap
of the vessel.
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PSO RESPONSE: 10 CFR 30.34(e)(2)(rviii) ggg

Multiple and re dundant channei. of hardvired water level indicators and
trend recorders are provided in the control room for the operator im
addition to the information on 10 CRT's. The BFS design also
incorporates visual and ecdii'le alarm systems to alert the operator and
provide advance warning cf utter level perturbations that might lead to
inadequate core cooling. Figure (2)(xviii)-2 shows the location of the
CRT's and readout itytrumentation on the control room panels.

The reactor water level r.easurement techniques provided ca the BWR-6
sds h the Nuclenet It10* control room will perform satisfactorily for
a!' modes of normal aperaticns, anticipated transient conditions, and
credible eccident conditions.

PSO believes that no additional instrumentation is needed for Black Fox
Station to monitor inadequate core cooling. Nevertheless due to the
insistence of the NRC Staff, PS0 will comply with the requirement in
Regulatory Caide 1.97, Revision 2 for in-core thermocouples with the
recognition and understanding that the requirement is being
reconsidered on the docket for the La Salle Nuclear Station which is
presently being constructed by Commonwealth Edison Company. Thus if
the requirement for in-core thermocouplee is changed from that set
forth in Revision 2 of Regulatory Guide 1.97, the requirement, as
revised, vill apply to Black Fox Station. This commitment is not
intended to limit the flexibility provided by Regulatory Guide 1.97 to ||h
permit tae adoption of NRC-approved alt?rnatives to the requirement for
core thermocouples as it is presently described in Revision 2 or as the
requirement may be amended on the La Salle docket.

Emergency ?rocedure Guidelines

As discussed in PSO response to Requirement (2)(11), "Long-Term Program
Plan for Upgrading Procedures," an early interest was shown by PS0 in
symptom oriented emergency procedures. PSO commits to incorporate
emergency procedure guidelines for recognizing the approach to
inadequate core cooling rito the Black Fox Station procedures.

In summary, Black Fox is a BWR- f . Reactor vessel water level is the
primary indication of adequate core cooling in a BWR and water level
information is presented to the operator in an advanced human
engineered Nuclenet 1000* control room. The operator will be well
trained and have available up-to-date procedures that incorporate
symptom based emergency procedure guidelines.

* General Electric Company trademark

O
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1

O' 10 CFR 50.34(e)(2)(xix) INSTRUMENTATION FOR MONITORING ACCIDENT
CONDITIONS (REGULATORY GUIDE 1.97)

NRC POSITION:

(2) To satisfy the following requirement, the application shall
provide sufficient information to demonstrate that the required
actions will be satisfactorily completed by the operating license
staga. This information is of the type customarily required to
satisfy 10 CFR 50.35(a)(2) or to address unresolved generic safety
issues. (NUREG-0718, Category 4)

(xix) Provide instrumentation adequate for monitoring plant
conditions following an accident that includes core
damage. (N'lREG-0718, II.F.3)

PSO R2SPONSE:

Introduction

Regulatory Guide 1.97, " Instrumentation for Light-Water-Cooled Nuclear
Power Plants to Assess Plant and Environs Conditions During and
Following an Accident," is a pre-TMI Regulatory Guide that was written
to describe acceptable methods of providing instrumentation to monitor
plant variables and systems during and following an accident. The

O- revised version of Regulatory Guide 1.97, E2 vision 2 includes post-TMI.

guidance.

The NRC Staff, as a part of its continuing program to provide
regulatory guidance to licensees and license applicants, has identified
the need for instrumentation to aid in accident diagnosis and control.
Information regarding a minimum group of plant variables is required by
the operators to (1) take preplanned manual action to acccaplish safe
reactor shutdosn, (2) determine whether the reactor trip, engineered
safety-feature systems, and manually initiated safety systems and other
systems important to safety are performing their intended functions

] (i.e., reactivity control, core cooling, maintaining reactor coolant
'

system integrity, and maintaining containment integritf), (3) determine
the potential for causing a gross breach of the barriers te
radioactivity release (i.e., fuel cladding, reactor coolant pressure
boundary, and containment) or determine if such a breach has occurrad.

i'
Following the TMI-2 accident, the NRC Staff developed Revision 2 to
Regulatory Guide 1.97 entitled, " Instrumentation for Light-Water-Cooled
!bclear Power Plants to Access Plant and Environs Conditions During and
Following an Accident." This Regulatory Guide sets forth guidance ' for
meeting this Requirement.

Commitment

(} PSO will meet the requirements of Regulatory 1.97, Revision 2 as1

clarified below and in PSO's Response to Requirement (2)(xv111)'

concerning in-core thermocouples.

;
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PSO RESPONSE: 10 CFR 50.34(e)(2)(xix)

PSO will develop a plan for the selection and location of radiation
monitors in containment penetration areas and in areas where access to
service safety equipment is required. This pit.n will be developed in
conformance with the provisioa3 of Revision 2 to Regulatory Guide 19
1.97. Any exceptions will be identified and justification provided.
This plan will be submitted to the "PC Staff prior to the procurement
of these monitors.

Clarifications to Table 1 of Regulatory Guide 1.97, Revision 2

1. The references to " Containment and Drywell Oxygen Concentratica,"
"Drywell Spray Flow" and " Isolation Condenser System Shell Side
Water Level and Valve Position" are not applicable to BFS.

2. The references to " Suppression Chamber Spray Flow," "HPCI Flow"
and " Core Spray System Flow" mean for purposes of BFS " Containment
Sp ray Flow," "HPCS Flow" and "LPCS Flow" respectively.

Type A Variables

The term " Type A Variables" is defined in Regulatory Guide 1.97,
Revision 2 and PS0 has developed the variables and necessary manual
actions listed below. A final list will be submitted to the NRC during h
the FSAR review.

The final list of Type A variables and the instrumentation for these
variables will satisfy the provisions of Revision 2 to Regulatory Guide 19
1.97. Any exceptions will be identified and justification provided.

Type A Variable Required Panual Action

1. Suppression Pool Initiate Suppression Pool
Temperature Cooling

2. Containment hydrogen Initiate Containment
Concentration Combustible Gas Control System

3. Ultimate Heat Sink Ensure Adequate Water Level
Basin Level Is Maintained

O
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10 CFR 50.34(3)(2)(xx) POWER SUPPLlES FOR PRESSURIZER RELIEF VALVES,
BLOCK VALVES, AND LEVEL INDICATION

NRC POSITION:

(2) To satisfy the following requirement, the application shall
provide sufficient information to demonstrate that the required
actions will be satisfactorily completed by the operating license
stage. This information is of the type customarily required to
satisfy 10 CFR 50.35(a)(2) or to address unresolved generic
safety issues. (NUREG-0718, Category 4)

(xx) Provide power supplies for pressurizer relief valves,
block valves, and level indicators such that: (A) level
indicators are powered from vital buses; (B) motive and
control power connections to the emergency power sources
are through devices qualified in accordance with
requirements applicable to systems imporcant to safety; and
(C) electric power is provided from emergency power
sources. (Applicable to PWR's only). (NUREG-0718, II.G.1)

PSO RESPONSE:

This requirement is applicable to Construction Permit applications for

n Pressurized Water Reactors only and hence does not apply to Black Fox
s,,/ Station.

|

!

O
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10 CFR 50.34(e)(2)(xxi) DESCRIBE AUTOMATIC AND MANUAL ACTIONS FOR
PROPER FUNCTIONING OF AUXILIARY HEAT REMOVAL
SYSTEMS WHEN FEEDWATER SYSTEM IS NOT OPERABLE

(2) To satisfy the following requirement, the application shall
provide sufficient information to demonstrate that the required
actions will be satisfsetorily completed by the operating license
stage. This information is of the type customarily required to,

*

satisfy 10 CFR 50.35(a)(2) or to address unresolved generic
issues. (NUREG-0718, Category 4)

(xxi) Design auxiliary heat removal systems such that necessary
automatic and manual actions can be taken to ensure proper

' functioning when the main feedwater system is not
operable. (NUREG-0718, II.K.1.22)

'
PSO RESPONSE:

Introduction

The accident at Three Mile Island-Unit 2 (TMI-2) on March 28, 1979
. involved a main feedwater transient coupled with a stuck-open
pressurizer power-operated relief valve and a temporary failure of the
auxiliary feedwater system. The temporary failure of the auxiliary
feedwater system at TMI created a concer7 with respect to the

O effectivenese ef eetematic and menuat ope.ratien ef aex111arv heat
:

removal systems to mitigate the consequences of a loss of feedwater
| transient. Consequently, the liRC Staff established this Requirement to
| assure that BWR plants are adequately designed to provide proper
'

functioning of auxiliary heat re.Mval systems.

Summary _

The BWR-6 design has been reviewed by the General Electric Ccepany as
' documented in NEDO 25224, "GESSAR Assessment Report, Review of BWR-6

Protection in Depth for Trcnsient and Accident Events." 'PSO has
reviewed this document and concluded that it is applicable to the BFS.
Based on a review cf the auxiliary heat removal systems described
be low, PS0 has concluded that the BFS auxiliary heat removal systems

; are adequately designed such that necessary automatic and manual
! actions can be taken to ensure proper functioning when the main

feedwater system is not operable.

System Descriptions

!
1. Feedwater System

The Feedwater System is a reliable, normally operating system
which replenishes reactor coolant inventory to make up for
extraction of steam out ot the reactor vessel. The Feedwater
System consists of two steam turbine driven pumps, each capable of

-

providing 80% of total rated feed flow.
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PSO RESPONSE: 10 CFR 50.34(e)(2)(xxi) ||h

Loss of feedwater can result from various problems including pump
failures, feedwater controller failures, operator errors, or
reactor system variables such as a high vessel water level
(Level 8) trip signal. Table (2)(xxi)-1 lists the reactor vessel
level setpoints, their relation to the top of active fuel, and the
automatic actions that occur. The loss of one feedwater pump at
full reactor power is an easily controlled perturbation and does
not result in a plant shutdown. With the loss of one feedwater
pump and a subsequent low water level (Level 4) signal, the Reactor
Recirculation Flow Control System automatically responds to reduce
reactor recirculation flow. This allows the remaining feedwater
pump to recover and maintain normal operating water level at a
stable lower reactor power level. In the case of a complete LOF,
the systems discussed in the following paragraphs are available to
inject water into the reactor vessel. A su= mary of all the plant
syste=s which can supply water to the reactor vessel is provided in
Table (2)(xxi)-2.

2. High Pressure Core Spray and Reactor Core Isolation Cooling Svstems

In the event of a LOF transient, reactor vessel water level is
automatically controlled by backup systems which are diverse and
redundant. The High Pressure Core Spray (HPCS) System and Reactor |||Core Isolation Cooling (RCIC) System are high pressure systems with
sufficient capacity such that either system can maintain reactor
vessel water level with a LOF. HPCS can maintain level with a LOF
and a stuck open relief valve (SORV).

3. Low Pressure Emergency Core Cooling Systems

In the unlikely event of a LOF with a failure of both HPCS and
RCIC, the next backup is the set of high flow, low pressure
emergency core cooling systems. These systems are the Low Pressure
Core Spray (LPCS) System and the Residual Heat Removal (RHR) System
operating in the Low Pressure Coolant Injection (LPCI) mode. In a
situation where a decreasing reactor vessel water level is
accompanied by a relatively slow decrease in reactor pressure, the
Automatic Depressurization System (ADS) will open eight of the
nineteen safety relief valves. This rapidly drops reactor pressure
so that the low pressure emergency core cooling systems can begin
supplying large volumes of water to the reactor vessel. These
systems initiate automatically.

4. Condensate System

In the long term recovery from a LOF af ter reactor pressure is
reduced, the normal makeup water supply to the reactor vessel is
from the Condensate Syetem (CS). The CS can be used provided g
offsite power is available and a flow path exists through the W
feedwater piping to tne reactor vessel. When reactor pressure
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PS0 RESPONSE: 10 CFR 50.34(e)(2)(xxp

falls below the discharge pressure of the condensate booster pumps
(approximately 600 psig), these pumps can begin delivering water to

'

the reactor vessel at a high flowrate. With the condensate booster
pumps unavailable the condensate pumps can supply water at a high
flow rate when reactor pressure decreases below approximately 100
psig. Reactor vessel water level control with the CS can be either
automatic or manual. The CS, however, must be manually initiated.

'

5. Control Rod Drive Hydraulic System

The Control Rod Drive (CRD) Hydraulic System is a normal operating
system which adds a relatively small ficw to the reactor vessel
water inventory. Water is supplied to the reactor vessel from the
CRD system via control red drive e20hanism cooling flow and
flushing of the reactor recirculation (RR) pump shaf t seals, While
the CRD system is not a safety related water source for reactor
vessel makeup, it will supplement the other systems.

6. Standby Service Water System

For long term cooling, assuming all other systems are unable to
.

provide makeup water to the reactor vessel, Standby Service Water
s_j System (SSWS) may be used. Provisions are made in the RHR system

whereby a SSWS pump can be manually valved through the RHR system
to flood the reactor vessel with water from the ultimate heat sink
storage basin.

Transient Descriptions

1. Loss of Feedwater With All Backup Systems Operable,
__

The Loss of Feedwater (LOF) event is an operational transient which
occurs with a frequency of approximately 1-2 times per plant-year.
The LOF event is a mild transient with respect to maintaining
acceptable pressure and fuel thermal margins. Black Fox Station is
designed so that the high pressure makeup and inventory maintenance
systems (RCIC, HPCS) are independently capable of maintaining the
water level above the top of the active fuel given a loss of
feedwater. Redundancy of systems and components is provided in the
BWR design to provide margin against core uncovery and a high

,

probability that core uncovery will be avoided. The following
paragraphs describe the scenario of a LOF with backup systems fully

| operational and no operator intervention.

Loss of feedwater flow results in a reduction of reactor vessel
I invento ry. Corrective action begins as soon as low feedwater flow

| 1s sensed and low level alarm (Level 4) is reached. A reduction of

{-} the core recirculation flow is initiated to reduce power and

| thereby reduce the rate of level decrease. Feedwater pump
i coastdown causes flow to terminate at approximately five seconds,

s
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PSO RESPONSE: 10 CFR 50.34(e)(2)(xxi) ||h

Subceoling decreases resulting in a reduction of reactor power
level and pressure.

Water level continues to drop until the vessel level (Level 3)
saram occurs. As power level decreases, the turbine stea= flow
starts to drop off because the pressure regulator is atte=pting to
maintain pressure by closing the turbine control valves.

Vessel water level continues to drop reaching the Level 2 trip at
about twenty seconds. At this time, the recirculation syste= is
completely tripped and HPCF and RCIC operation is initiated. HPCS
and RCIC inject into the vessel causing the vessel water level
inside the shroud to reach its minimum value about 6.5 feet above
the top of active fuel. In addition, operation of both HPCS and
RCIC will cause the vessel pressure to decrease to the point at
which a low pressure main steamline isolation occurs.

After flow to the reactor vessel fra= HPCS and RCIC has been
ter=inated at high vessel water level (Level 8), the vessel will
repressurize to the set point of the lowest set safety relief valve
(SRV) which will open to limit the pressure rise caused by decay
heat of the fuel. One or more SRVs will cycle open and closed to
maintain pressure control. Vessel inventory will be lost through |||the open SRV's. When water level decreases to Level 2, HPCS will
begin injecting water again into the reactor vessel. PSO's
response to Require =ent (1)(v) describes how RCIC control logic
will be =odified to auto =atically restart RCIC flow when Level 2 is
reached.

Reactor vessel water level will be =aintained between Level 2 and
Level 8 by RCIC and HPCS. Reactor overpressure will be prevented
by SRV cycling. A gracual decrease in pressure will result from
the operation of RCIC and HPCS, and from decreasing decay heat
generation.

2. Loss of Feedwater With A Stuck Ooen Safety Relief Valve

BFS is adequately equipped to =1tigate the consequences of the LOF
event as it relates to core cooling without operator assistance
under all conditions within the design basis, with or without a
stuck-open relief valve (50 RV) . This is achieved through the
auto =atic functioning of various citigating syste=s.

A stuck-open relief valve, even with a complete loss of feedwater,
is a controllable event. The consequences of a SORV can be
citigated by the operation of RCIC and HPCS. Ihe scenario of
auto =atic actions will be essentially the same as described in the
previous section down to the point where one of the SRVs fails to g
close. The cooldown rate and depressurization of the reactor will W
be accelerated under these conditions. If the SRV does not reseat,
reactor pressure will decrease to 300 psig in about one hour.
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3. Loss of Feedwater With Concurrent Failure of HPCS and RCIC

U der normal conditions, the high pressure makeup water systemsn
will provide sufficient water to restore the level to the normal
range. Plant shutdown or restart can then be accomplished. If the
HPCS and RCIC should fail to start, the vessel water level
continues to drop and the level outside the core shrori reaches the
low level (Level 1) trip at about 425 seconds. At this time the

main steam line isolation valves will alose. LPCS and RHR (in LPCI
mode) pumps start. Division 1 and 2 Diesel Generators start and
come up to speed. ADS could be manually act .vated to depressurized

the reactor so that LPCS and LPCI can begin injecting into the
reactor vessel. PSO's response to Requirement (1)(vii) describes
how ADS control logic will be modified to avoid the potential need
for operator intervention to assure adequate core cooling. Due to
the large capacity of the low pressure aystems, they will rapidly
reflood the reactor. Once the vessel is reflooded, the operator
can then proceed to place the reactor in cold shutdown.

4. Operator Response to Loss of Feedwater

The primary function of the operator is to monitor the operation of() the automatic systems and to assume control in restoring the system
to a normal or .ational condition. As has been described, if HPCS
and/or RCIC initiate automatica!1y, and if SRV's operate properly,
no operator intervention is required. However, the operator may
assume manual control of HPCS and RCIC in order to effect a
smoother recovery from the RPV level transient. In this case, the
unit may be returned to service when the problem which initiated
the trip of feeovater is corrected. During this period, the
principal duty of the operator will be to monitor system operation
and ensure that reactor water inventory is maintained.

BFS administrative, operating, and emergency procedures will
specify detailed actions for the opera tor so that all systems

'

capable of providing makeup water to the reactor vessel will be
most effectively employed to ensure adequate reactor core cooling.
These emergency procedures will be summarized in the FSAR. The BFS 19

operator training program will emphasize the analysis of and
corrective action for loss of feedwater transients from various
causes, including situations of concurrent backup equipment
failures.

Conclusion

The BFS Nuclear Steam Supply System is designed to be self-contained
and self-actuated to assure reactor core cooling. An isolation event

('_]/
can be totally accommodated initially by automatic operation of
engineered safety feature systems and the Reactor Core Isolation4

Cooling (RCIC) System which are redundant and diverse. These systems
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restore and maintain system parameters. During the long term, however,
there is adequate time for the operator to take appropriate action.
The operator need monitor and control only reactor vessel pressure and
level. Furthermore, the operator has multiple parameters available to
provide additional information on system conditions.

In summary, the Black Fox Starion auxiliary heat removal systems are
designed such that automatic and manual actions are available to ensure
proper functioning when the feedwater system is not operable.

O

O
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TABLE (2) (xxi)-1
SUMMAF.Y OF REACTOR VESSEL WATER LEVEL TRIPS

( Reactor Vessel Inches'Above Top
Setpoints of Active Fuel Automatic Actions

8 222 Reactor Scram

Trip Main Turbine

Trip ' Feed Pump 'Iarbines & Condensate Booster Pneps

Shutdown RCIC Turbine

Close RPCS Injection Valve

7 207 High Level Alarm

5 203 Normal Water Level

4 199 Low Level Alarm

Reactor Recirculation (RR) Flow Control Valve Runback
(with concurrent loss of one feed pump)

3 177 Reactor Scran

. ADS Confirmation Signal

RR Pump Shift to Slow

'

RHR Isolation (Shutdown Cooling Mode)
i

; 2 131 Initiate RCIC
.

Initiate HPCS (and start Division 3 Diesel Generator)

Trip RR Pumps

Isolate Reactor Water Cleanup (RWCU) System*

!

Partially Isolate Containment and Selected Reactor
Plant Systems via Nuclear Steam Supply Shutoff
System (NSSSS)

;

Initiate Standby Gas Treatment System (SGTS)

1 19 Initiate RHR (LPCI Mode)
I Initiate LPCS

I Start Division 1 and 2 Diesel Generators

() Shut Main Steamline Isolation Valves (MSIV)

ADS Actuati.an Logic Signal,

.

i NOTE: Level 6 is not used.
!
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TABLE (2)(xxi)-2

FUNCTIONS AVAILABLE AFTER LOSS OF FEEDWATER *

Power Source

Approximate Of f-Site
BWR/6 Flow Electrical or On-Site Diesel

Function System No. Pumps Pump (pergpm) Steam Generator

Supply Water to
Maintain the
Core Covered

aa. High Nat Circ N/A
Pressure llPCS 1 1550 Off-si te Division III

RCIC 1 700 Steam Divisio I~- Controls only
ResgoreFW 2 18000 Steam /Off-site None
CRD 2 50 Off-site None

ab. Low Nat Circ N/A
E Pressure llPCS 1 6100 Off-site Division III
~

RCIC 1 700 Steam Division I - Controls only
LPCS 1 6200 Off-si te Division II
LPCI 3 7200 Off-si te Division I; Divisien II

CS 3(Cond) 6000 Off-si te None
3(Cond. Boost)

CRDb 1 (+1 Backup) 50 Of f-si te' ' None

RliR/SSWS 1 5000 Off-site Division II

,-

,[ The BWR has inherent strong natural circulation. It is only necessary to maintain the core covered witha

water to assure adequate core cooling.-

b~ In a post-scram configuration, with scram inlet valves o;,en, flow to the reactor vessel may increase up to
the runout flow of the CRD pump (approximately 100'gpm at,high reactor pressure and approximately 170 gpm
at low reactor pressure).

-
.
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b 10 CFR 50.34(e) C)(xxii) ANALYSIS AND UPGRADING OF IhTEGRATED C0hTROL

SYSTEM

NRC POSITION:

(2) To satisfy the following requirement, the application shall
provide sufficient information to demonstrate that the required
actions will be satisfactorily completed by the operating-license
stage. This information is of the type customarily required to
satisfy 10 CFR 50.35(a)(2) or to address unresolved generic
safety issues. (NUREG-O'18, Category 4)

(xxii) Perform a failure modes and effects analysis of the
integrated control system (ICS) to include consideration
of failures and effects of input and output signals to
the ICS. (Applicable to B&W-designed plants only).
(NUREG-0718, II.K.2.9),

PSO RESPONSE:

This requirement is applicable to Construction Permit applications for
Babcock & Wilcox designed Pressurized Water Reactors only and hence
does not apply to Black Fox Station.

(

,

..

!
I

I

f

f

()
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k<.s 10 CFR 50.34(e)(2)(xxiii) HARD-WIRED SAFETY-CRADE ANTICIPATORY REACTUR
TRIPS

NRC POSITION:

(2) To satisfy the following requirement, the application shall
provide sufficient information to demonstrate that the required
actions vill be ratisfactorily completed by the operating license
stage. This information is of the type customarily required to
satisfy 1." CFR 50.35(a)(2) or to address unresolved generic
safety issues. (NUREG-0718, Category 4)

(xxiii) Provide, as part of the reactor protection system, an
anticipatory reactor trip that would be actuated on loss
of main feedwater and on turbine trip. (Applicable to
B&W-cesigned plants only). (NUREG-0718, II.K.2.10)

PSO RESPONSE:

This requirement is applicable to Construction Permit applications for
Babcock & Wilcox designed Pressurized Water Reactors only and hence
does not apply to Black Fox Station.

O

i
!

4
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10 CFR 50.34(e)(2)(xxiv) CENTRAL WATER LEVEL RECORDING
L

NRC POSITION:

(2) To satisfy the following requirements, the application shall
provide sufficient information to demonstrate that the required
astions will be satiefactorily completed by the operating license
stage. This information is of the type customarily required to
satisfy 10 CFR 50.35(a)(2) or to address unresolved generic safety

'

issues. (NUREG-0718, Category 4)

1 (xxiv) Provide the capability to record reactor vessel water
level in one location on recorders that meet normal
post-accident recording requirement 3, (NUREG-0718,
II.K.3.23)

PSO RESPONSE:

Introduction

Af ter the accident at Three Mile Island-Unit 2 (TMI-2), the Bulletins

and Orders Task Force (B&OTF) was established within the NRC and made
responsible for reviewing and directing TMI-2 related staff activities
associated with loss of feedwater transients and Loss of Coolant
Accidents (LOCA) for all operating plants. A generic review of General() Electric designed Boiling Water Reast r (BWR) plants was conducted by
the B&OTF, and documented in NUREG-0026, " Generic Evaluation of
Feedwater Transients and Small Break Loss of Coolant Accidents in GE
Designed Operating Plants and Near Term Operating License
Applications."

This review identified improvecents in systems, procedures, and
analyses which, the B&P!7 beileved, would make GE-designed BV3's less
susceptible to core draagt taring accidents and transients coupled with
systems failures or operator errors. The recommendation of NUREG-0626
stated that "In order to simplify the reading of the water level in the
vessel and to provide the opertors with a record of water level durir.g
transients, all BWR's should have the capah tlity to recced vessel water
level over the range from the top cf the vassel dome to the lowest
pressure tap. This range of water level should be available in one

'

location on recorders which meet normal post-accident recording
requirements. The recorders should be started on a reactor trip
signal."

| A revised version of this B&OTF recommendation cas subsequently
incorporated into Revision 2 of Regulatory Guide 1.97 and identified as
a requirement for construction permit applicants in NUREG-0718,
" Licensing Requirements for Pending Applications for Construction
Permits and Manufacturing License." Regulatory Guide 1.97, Revision 2
requires centrally located post-accident monitoring instrumentation
with the capability to continuously record reactor vessel water level
over the range from the bcttom of the core support plate to the center-

line of the main steam lines.
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Commitment

The Black Fox Station design will provide post-accident monitoring
instrumenta*. ion with the capability to continuously record reactor
vessel water level over the range from the bottom of the core support
plate to the center line of the main steam lines. This instrumentation
vill meet the requirements of Regulatory Guide 1.97, Revision 2.

O

O
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| 10 CFR 50.34(e)(2)(xxv) UPGRADE LICENSEE EMERGENCY SUPPORT FACILITIES
|

NRC POSITION:
!
'

(2) To satisfy the folloung requirement 1, the application will
provide sufficient infornation to demonstrate that the required!

actions will be satisfactorily completed by the operating license L

stage. This information is af the type customarily required to, ,

7 satisfy 10 CFR 50.35(a)(2) or to address unresolved generic '

'

safety issues. (NUREG-0718, Category 4)

(xxv) Provide'an onsite Technical Support Center, an onsite L

Operational Support Center, and, for construction permit4 '

applications only, a nearsite Emergency Operations
Facility. (NUREG-0718, III.A.1,2)1

PSO RESPONSE:

Introduction ",

The accident at Three Mile Island-Unit 2 identified the need for
i=provements in the response to and control of accidents at nuclear
power stations. Some of the identified improvements include:

e Establishing formal licensee, local, state, and federal.

O or8 #1retio= to detter me se =#a errective17 coerd1= te e=ersecc7
i response support;

e Developing integrated emergency response facilities and data
systems to aid in this =anagement;

o Providing for better information neded to assess conditions at a,

station and its environs prior to, during, and following an
'

accident;

e Providing an improved capability by the licensee and federal
organizations to provide recommendations to state and local

| authorities on actions protecting the public; and

!

! Providing transmission of more accurate information to federal,e
;

| state, and loccl emergency response organizations, and to the
| general public.

With respect to near-tera construction permit applicant activities and1

j responsibilities, the NRC has determined that the emergency response
'

facilities that will provide the necessary improvements are the onsite
"

Technical Support Center (TSC), onsite Operational Support Center
(OSC), and the Emergency Operations Facility (EOF). These facilities ,

will_ operate as an integrated system to support the control room in the !

mitigation of the consequences of accidents and to enhance the
capability to respond to abnormal station conditions. These facilities

! O will help in providing a graduated response capability dependent on the

f severity of an emergency. Figure (2)(xxv)-1 shows the location of each

:

|
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of PSO' gency Response Facilities (ERF's) with respect to Black
Fox Sta' 'S) . Figure (2)(xxv)-2 shows an expanded view of the
=aj o r s ti:.t. .. . mildings. The preliminary location of key BFS e=ergency 19
response personnel is anown in Table (2)(xxv)-1.

E=erger.cv 0 jerations Facility
__

1. General Description

The EOF is a nearsite support facility for the mnagement of
PSO's over-all emergency response (including coordination with
federal, state and local officials, coordination of radiological
and environmental assess =ents, and determination of reco== ended
public protective actions. The EOF will have appropriate
technical data displays and station records to assist in the
diagnosis of station conditions to evaluate the potential or
actual release of radioactive materials to the environ =ent. A
senior PS0 official in the EOF will organize and manage PSO
offsite resources to support the TSC and the control room
operators.

2. EOF Function
O

The BFS E=ergency Operations Facility will be controlled and
operated by PSO and will serve as the location for performing the
following functions:

o Manage =ent of over-all PS0 emergency response,

o Coordination of radiological and environ = ental assess =ent,

o Determination of reco== ended public protective actions, and

o Coordination of e=ergency response activities with federal,
state and local agencies.

The EOF space may be used for other purposes during normal
operations. Provisions will be set forth to assure the emergency
functions of the EOF are not degraded by those activities and will
ensure all necessary syste=s =eet required availability. These
provisions will include adequate security protection of the
facility during normal and e=ergency conditions.

3. Activation and Use

The EOF will be activated for Site Area Emergency and General
E=ergeacy classes.

O
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4. EOF Location

The EOF will be located approximately 0.9 miles east of the
station. In locating the F0F, several factors were considered:

!

Whether the location provides optimal functional and !e

availability characteristics for carrying out the licensing
functions specified for the EOF (i.e., over-all strategic
direction of PSO onsite and support operations, determination
of public protective actions te be recommended by PS0 to
offsite officials, and c1 ordination of PSO with federal, state,1

and local organizations including the NRC).'

4

Whether the EOF functions would be interrupted duringe

radiation releases for which it was necessary to recommend
protective actions fo: the public to offsite officials.

A conceptual floor layout for the EOF is shown on
Figure (2)(xxv)-3.

5. Location, Structure, and Habitability

() The EOF is located within ten (10) miles of the TSC; therefore
the following habitability criteria will be met:

The EOF will be well engineered for the design life of BFS ine

accordance with the Uniform Building Code. The EOF will be
able to withstand the expected cdverse conditions of high winds

(other than tornadoes) and floods.

e A radiation reduction factor greater than or equal to five
will be provided to those areas of the EOF in which dose
assessme.nts, communications, and decision making take place.

e Ventilation protection will be accomplished with HEPA filters
; (no charcoal) and will function in a manner comparable to the

control room and TSC ventilation systems.

Because the nearsite EOF is within ten (10) miles of the TSC, a
preliminary EOF backup location will be provided at the PS0
corporate offices in Tulsa, approximately twenty-three (23) miles
west of the TSC. The additional three (3) miles beyond the twenty 19

,
'

(20) mile siting criterion will not impair movement between the
nearsite and backup EDF's nor will it impede communications with
emergency response peraonnel. The backup EOF location is shown on
Figure (2)(xxv)-3a.

O
:
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6. EOF Staffing and Training

Tne EOF will be staffed to provide the over-all management of PS0
resources and the continuous evaluation and coordination of PS0
activities during and after an accident. Upon EOF activation,
designated personnel will report directly to the EOF to achieve
full functional operation within one hour. A PS0 senior
=anagement official will be in charge of all PS0 activities in the
EOF. The E0F staff will include personnel to manage PSO onsite
an ' of fsite radiological monitoring, to perform radiological
evaluations, and to interface with offsite officials. The
specific number and type of personnel assigned to the EOF nay vsry
according to the emergency class. The staffing for each emergency
class will be fully detailed in the BFS Fints Emergency Response
Plan. The EOF staff will participate in EOF .tetivities drills,
conducted periodically in accordance with the BFS Final Emergency
Response Plan. These drills will include operation of all
facilities that will be used tc perform the EOF functions.

7. EOF Size

The EOF building complex will be large enough to provide the
following:

O
Working space for the personnel assigned to the EOF ase

specified in the BFS Final Emergency Response Plan, including
federal, state and local agency personnel. A working space of
approximately 75 square feet per person will be used as a basis
for size and layout of the EOF. The conceptual EOF layout
provided in Figure (2)(xxv)-3 assumes approximately 25 persons
from PSO,10 persons f rom state and local agencies, 9 persons
from NRC and 1 person from FEMA.

.

Space for EOF data system equipment needed to transmit data toe

other locations.

Sufficient space to perform repair, maintenance, and servicee
of equipment, displays and instrumentation.

Space for access to communications equipment by ali EOFe

gersonnel who need communications capabilities to "er'orm their
functions.,

|

e Space for access to functional displays of EOF data,

e Space for storage of station records and historical data or
space for means to readily acquire and display those records.

ggg'e Separate office space to accommodate at least five NRC
personnel during periods that the EOF is activated for
emergencies.
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e A space to brief select groups of approximately 50 persons.

o A secured entrance.

Suf ficient apace outside the EOF for parking PEO, federal,e

state, and local vehicles.

8. EOF Commuaications

The EOF will have reliable voice communications facilities to the
TSC, the control room, NRC, and state and local emergency
operations centers. The normal communication path between the EOF
and the control room will be through the TSC. The primary
functions of the EOF voice communicaticas facility will be:

EOF management communications with the designated senior PS0e
official in charge of the TSC,

o Communications to manage PSO emergency response resources,

Communications to coordinate radiological monitoring,e

r
Communications to coordinate offsite emergency response,,1 e

activities, and

e Communications ts disseminate information and recommended
protective actions to responsible government agencies.

The EOF voice communications facilities will include reliable
primary and backup means of communication. PSO will provide a
means for EOF telephone access to commercial telephone
common-carrier services that bypass any local te16 phone switching
f acilities that may be susceptible to loss of power during
emergencies. PSO will insure that spare commercial telephone
lines to the station are available for use by the EOF during
emergencies. The EOF voice communications equipment will inc?.ude:

e Hot line telephone (located in the NRC office space) on the
| Emergency Notification S stem (ENS) to the NRC operationsf

center;

Dedicated telephone (located in the NRC office space) on thee

NRC Health Physics Network (HPBQ ;

Telepl.ones for management communications with direct access toe
the TSC and the control room;

( ''j Telephones reserved for EOF use to provide access to onsitee
' and offsite locations;
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Radio communications to PSO mobile monitoring teams;e

Communications to state and local operations centers; ande

e Communications ta facilities outside the EOF used to provide
supplemental support for EOF evaluations.

The EOF co==unications system will also include desigrated
telephones (in addition to the ENS and HPN telephones) for use by
NRC personnel. PS0 will provide at least three telephone lines
for NRC use while the EOF is activated. P50 will also furnish the
access facilities and cables to the NRC for the ENS and HPN
telephones. Facsimile transmission capability between the EOF,
the TSC, and the NRC operations conter will be provided.

9. EOF In9trumentation, Data Svstems Equipment, and Power Supplies

The EOF will contain equipment for the acquisition, display, and
evaluation of radiological, meteorological and station system data
necessary to determine protective measures recommended to offsite
authorities. This equipment will also be used to evaluate the
magnitude and effect of potential or actual radioactive releases
and to project offsite doses. Data vill oe transmitted to the EOF g
from station process computer systems. The data will be presented W
in the EOF using equipment such as CRTs, standard keyboards and a
printer /plo tter. The details of the data acquisition system will
be provided in the FSAR.

The data system will display the Safety Parameter Display System
(SPDS) formats and data needed in the EOF to analyze and exchange
information needed on station conditions with the designated
senior PSO station official in charge of the TSC. The system will
perform these functions independently from actions in the control
room without degrading or intarfering with control room and
station functicns. Trend inf armation display espability will be
available in the EOF.

The total EOF data system wil t be designed to achieve an
operational unavailability goal of 0.01 during all station
operating conditions above cold shutdown. The term unavailability
is used to express a complete loss of system function.
Ma the=atically, it is expressed as a ratio of time duration when a
function is lost, to the total duration when the function is
required to be available.

The EOF electrical equipment load will not degrade the capability
or reliability of any safety related power source. Circuit
transients or power supply failures or fluctuations will not cause
a loss of any stored data vital to the EOF functions. |||

171 19-ill381



.. . . - . - . _ - - . . . . - . _ . -

i

!

|
,

PSO RESPONSE: 10 CFR 50.34(e5 (2)(xxv)

i

10. EOF Technical Data and Data Systems

The EOF data set will include radiological, meterological and
4 other environmental data as needed to:

e Assess environmental conditions,
,

Coordinate radiological monitoring activities, and 'e

Recommerd implementation of offsite emergency plans.o

'

A sufficient number of data display devices will be provided in
the EOF to allow all EOF personnel to perform their assigned
tasks. They include:

e Station systems variables,

Instation radiological variables,e

e Meteorological information, and

Offsite radiological information.e

(
As a minimum EOF data set, selected variables specified in
Regulatory Guide 1.97, Rev. 2, Table 1, and selected
meteorological variables specified in proposed Rev. I to .

Regulatory Guide 1.23, will be available for display in the EOF.
; Statica systen data that is available for display in the control

room will be available in the EOF. The eample frequency will be
chosen to be consistent with the use of the data.,

11. Records Availability and Management

The ECF will have access to up-to-date station records,i

procedures, and emergency plans needed to exercise over-all
; canagement of P50 emergency response resources. The EOF records

will include:,

Station technical specifications, ?e

'

e Station operating procedures,<

Emergency operating procedures,e

e Final Safety Analysis Report,

!

Up-to-date records related to PSO, state and local emergencye
,

response plans,

Offsite population distribution data,e
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O

Evacuation plans,e

Environs radiological monitoring records,o

Licensee employee radiation exposure histories,e

And up-to-date drawings, schematics and drawings showing:

e Conditions of station structures and systems down to the
component level, and

Instation locations of these systems.a

These records will either be stared and maintained in the EOF
(such as a hard copy or microff ete) or will be available via
transmittal to the EOF from other records storage locations.

Technical Support Center

1. General Description

The Technical Support Center (TSC) is an onsite facility located
close to the control room that will provide station management and
technical support to the reactor operating perscnnel located in |||
the control room during emergency conditions. It will have
technical data displays and station records available to assist in
the detailed analysis and diagnosis of abnormal station conditions
and any signit'icant release of radioactivity to the environment.
The TSC will be the primary onsite com=unications center for the
station during an emergency. A senior station official,
designated in the BFS Final Emergency Response Plan, will use the
resources of the TSC to assist the control room operators by
handling the administrative items, technical evaluations, and
contact with offsite activities, relieving them of these
functions.

A Secondary Technical Support Center (STSC) will be provided in
close proximity to the Unit 2 control room to provide a Unit 2

19emergency condition management area for key technical and
management personnel.

2. TSC Activation and Use

The ons* *e TSC will be activated for the Alert, Site Area, and
Genera' Em egency classes.

When the TSC is functional, emergency response functions, except
direct supervision of reactor operations and manipulation of
reactor system controls, vill shift to the TSC. Station g
administration, technical support functions, and contact with w
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offsite activities to assist the control room operator will be
performed in the TSC throu;;hout the course of an accident.

3. TSC Data Systems Reliabilit L

The data systems of the TSC will be designed and constructed to
provide a very high degree of reliability. The operational
unavailability goal of 0.01 is applicable to the TSC data systems
when the reactor is above cold shutdown states. The term
unavailability is used to expres. a complete loss of system
function. Mathematically, it is expressed as a ratio of time
duration when a function is lost, to the total duration when the
function is required to be available.

4. TSC Function

The onsite TSC will provide the folle. wing functions:

Provide station management and technicai support to stationo

operations personnel during emergency conditions,

Relieve the reactor operators of peripheral duties ande

O ce=== 1cetie = t a1 rect 17 re1 te4 te reecter 7 te=
manipulations.

e Prevent congestion in the control room,

e Perform EOF functions for the Alert, Site Area, and General
Emergency classes until the EOF is functional.

The TSC will be the emergency operations work area for designated
technical, engineering, and senior station management personnc!;
and other PSO designated personnel required to provide the needed
technical support; and a small staff of NRC personnel.

The TSC will have facilities to support the station management
and technical personnel and will be the primary onsite
communications center for the station during the emecgency. TSC
personnel will use the TSC data system to analyze the station
steady-state and dynamic behavior prior to and throud uit the
course of an accident.

,

The TSC facilities may be used by designated operating personnel
for normal daily operations as well as for training and emergency
d rills .

5. TSC Location

(T PS0 has reviewed the existing BFS design to determine the optimum
/"

);

location for the TSC. The objective of the review was to select a

i
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location that would provide the maximum facility resources for
both Units 1 and 2. A centralized TSC near the nornal work place
of the technical staff using the TSC is particularly useful
because the facilities will more readily become an integral part
of normal station operation. Thus, such a location will enhance
(1) personnel f amiliarity with TSC equipment , (2) TSC readiness
due to usage for normal dailv station analyses, and
(3) maintenance reliability through daily use of equipment.
Moreover, the document control center for the station can be
readily located in a centralized TSC, thereby assuring the ready
availability of important station documentation.

Based on the foregoing criteria, a preliminary location on the
610 foot alevation level of the General Services Building has been
selected. Travel time between the TSC and the control room for
Unit 1 is approxt2ately two (2) minutes. The travel time to the
control room for Unit 2 is approximately four (4) minutes. The
movement of personnel between the TSC and the two control rooms
can be accomplished without difficulty under accident conditions.
The guidance in NUREG-0696, " Functional Critaria for Emergency
Response Facilities," suggests a two (2) minute travel time
objective. In PSO's judgment, the disadvantage of the modest
departure from the two (2) minute travel time objective to the |||
Unit 2 control room is more than offset by the substantial benefit
of a centralized location near the normal work place of the
engineers using the facility.

However, in view of the travel time between the primary TSC and
the Unit 2 control room, a secondary TSC for key technical and 19
management personnel will be orovided contiguous to the Unit 2
control room.

The evnceptual layout of the TSC may be found on
Figure (2) (xxv)-4. The location of the TSC with regard to the
location of the OSC is illustrated on Figure (2) (xxv)-4a. 19

6. TSC Staffing and Training

Upon activation of the TSC, designated personnel will report
directly to the TSC and achieve full functional operation within
30 miautes. The TSC staff will consist of sufficient technical,
engineering, and senior PS0 personnel to provide the needed
support to the control room during emergency conditions. A PS0
senior station official will coordinate activities in the TSC and
interface with the control room, the OSC, and the EOF.

7. TSC Size

The TSC will be large enouch to provide: h
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Approximately 75 square feet per persc t;e

Cpace for the TSC data system equipment needed to acquire,a

process, and display data used in the TSC;

e Sufficient space to perform repair, maintenance, and service
;f equipment, displays and instrumentation;

e Space for da ta transmission equipment needed to transmit data
originating in the TSC to other locations;

e Space for personnel access to functional displays of TSC data;

e Space for access to coumunications equipaent by all TSC
personnel who need communications capabilities to perform their
functions;

Space for storage of and/or access to station records ande
historical data; and

A separate room adequate for at least three persons to be usede
for private NRC consultations.

,,

- The TE: working space will be sized for a minimum of 25 persons,
including 20 persons designated by PSO and 5 NRC personnel.

8. TSC Structure

The TSC structure will be built in accordance with sound
engineering practices to withstand the expected adverse station
conditions during the design life of BFS including adequate
capabilities for (1) earthquakes, (2) high winds (other than
tornadoes), and (3) floods.

9. TSC Habitability

The TSC will be radiologically habitable to the same degree as
the control room under accident conditions, but the ventilation

system will not be safety-related. The TSC ventilation system
will function in a manner comparable to the control room
ventilation system and will include HEPA and charcoal filters.
The TSC ventilation system will not be seismic Category I
qualified, redundant, or instrumented in the control room. To
ensure adequata radiological protection of TSC personnel,
radiation monitoring equipment will be provided. Protective
equipment will also be provided for the staff who cust travel
between the TSC and the control room under adverse radiological

conditions. Should the TSC become uninhabitable, the TSC station
(_, management function will be transferred to the contrel room.

176 19-111381



PSO RESPONSE: 10 CFR 50.34(e)(2)(xxv)
9

10. TSC Cc2munications

The TSC will have reliable voice communications to the control
room, the OSC, the EOF, and the NRC. The TSC voice communications
f acilities will include means for reliable primary and backup
communication.

The TSC voice communications equipment will include:

Hotline telephone (located in the NRC consultation room) en' e

the NRC Emergency !btification System (ENS) to the NRC
operations center;

Telephone (located in the NRC consultation room) on the NRCe

Health Physics Network (HPN);

Telephones for management communications with direct 2ccess toe

the control room, the OSC and the EOF;

Telephones that provide access to onsite and offsitee

locations;

e Communications to PS0 mobile monitoring teams e.nd to state and |||
local operations centers prior to EOF activation.

'.~he TSC communications system will also include designated
telephones (in addition to the ENS and HPN telephones) for use by
NRC personnel. PS0 will provide two telephone lines for NRC uce
when the TSC is activated. In addition, PSO will furnish the
onsite access facilities and cabler to NRC for the ENS and HPN
telephones,

11. TSC Instrumentation. Data System Equipment and Power Supplies

Station data will be available for display in the TSC. Hard
copies of displays can be made by the video copiers or line
printer located in the oork area.

The TSC electrical equipment laad will not degrade the capability
or reliability of any safety-related power source. Sufficient
alternate or backup power sources will be prcvided to maintain
continuity of TSC functions and to resume display of TSC data if
loss of the primary TSC power sources occurs.

12, TSC Data Systems

The TSC technical data system will receive and display
information acquired trom the station as needed to perform the TSC g
function. The data available for display in the TSC will enable T
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the station management, engineering, and technical personnel to
aid the control room operators in handling emergency conditions.

Data that is available for display in the control room will be
available in the TSC without interference to the control room
during emergency operations. The data selected system variables
specified in Regulatory Guide 1.97, Rev. 2, Table 1 will be
available for display and printout in the TSC.

The TSC displays will include:

Station systems variables,e

Instation radiological variables,e

Meteorological information, ande

e Offsite radiological information,

oata trending capability and SPDS formats will be available in
the TSC.

f^'3 13. TSC Records Availability and Management
v

The TSC will have access to station records to aid in technical
analysis and evaluation of emergency conditions. The station
records, operational specifications, and procedures include:

e Station technical specifications,

e Station operating procedures,

Emergency cperating procedures,e

Final Safety Analysis Report,e

Station operating records,e

Station operations reactor safety committee records ande

reports.

And up-to-date, as-built drawings, schematics, and diagrams
showi ng :

Conditions of station structures and systems down to 'thee

component level,

Instation locations of these systems.o7m
Gd

The Technical Support Center will be fully discussed in the FSAR.
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14 Secondary Technical Support Center (Unit 2)

A Secondary Technical Support Center (STSC) will be provided
contiguous to the Unit 2 control room. The STSC will provide
facilities for Unit 2 emergency =anage=ent for 5 to 10 key
technical and management personnel. Figure (2)(xxv)-4b shows a
preliminary layout of the STSC.

The same ventilation system will be used for both the STSC and 19

control room; therefore, habitability provisions will be the same
in the STSC and the Unit 2 control room.

Plant data and e=ergency condition status will be provided by the
plant computers. The operator interface and the CRT data formats
will be the same as that provided in the primary TSC. Reliable
voice communication with the support personnel in the primary TSC
will also be available.

Operational Support Center

1. General Description

The Operational Support Center (OSC) is an onsite assembly area g
separate from the control room and the TSC where PSO operations
support personnel will report in at. emergency. There will be
direct communications between the OSC and the control and between
the OSC and the TSC so that the personnel reporting to the OSC can
be assigned to duties in support of emergency operations.

2. Activation and Use

The OSC will be activated for the Alert, Site Area, and Ceneral
Emergency classes.

3. OSC Function

The OSC is an onsite area separate from the control room and the
TSC where PS0 operations support personnel will assemble in an
emergency. The OSC will:

o Provide a location where station logist ic support can be
coordinated during an emergency,

Restrict control room access to those support personnele

specifically requested by the Shift Super 91sor. When the OSC
is activated, it will be supervised by PSC operations
management personnel designated in the Black Fox Station Final
Emergency Response Plan to perform these functions.

O
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4. OSC Habitability

The OSC's habitability is not comparable to that of the control
room; therefore, the Black Fox Station Final Emergency Response
Plan will include procedures for evacuation of OSC pe;soneel in
the event of a large radioactive release. The BFS Final Emergency
Response Plan will include provisions for the performance of the
OSC functions by essential support personnel from other onsite
locations.

5. OSC Communications

The OSC will have direct com=unication with the control room and
'

with the TSC so that the personnel reporting to the OSC can be
assigned duties in support of emergency cperations. The OSC
communications system will consist of one telephone extension to
the control room, one telephone extension to the TSC, and one
telephone capable of reaching onsite and offsite locations.

6. OSC Location

The preliminary location selected for the OSC is the training
(} area large classroom at the north end of the General Services

Building on the fourth floor. Figure (2)(xxv)-5 illustrates the
preliminary OSC location. This area provides sufficient space in
a central location. Its location does not interfere with access
to the control room, the TSC, or the unaffected unit.

7. OSC Details

Details concerning the OSC Tina! Iecation, backup assembly area,
station access control, staffing requirements, conduct of
operations, training, and equipment storage locations will be
provided in the BFS Final Emergency Rasponse Plan,

s

A
V
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() TABLE (2)(xxv)-1
,

I Prelimir.ary location o' key BFS emergency response personnel during alert
| or greater emergencies.

Emergency Class
Site General,

Personnel Alert Area Emergency
,

Recovery Manager TSC* EOF EOF
.

Public Relations Director EOF EOF EOF

Emergency Coordinator EOF EOF EOF

Station Manager TSC* TSC* TSC*

Health Physics Supervisor TSC TSC TSC 19
,

Shift Technical Advisor TSC* TSC* TSC*

Operations Supervisor CR CR CR

Shif t Supervisor CR CR CR

Fire Brigade, Damage Control OSC OSC OSC4

Engineering Support TSC TSC TSC

* Also Secondary Technical Support Center (STSC)

.

F
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O
V 10 CFR 50.34(e)(2)(xxvi) PRIMARY C00LAhT SOURCES OUTSIDE THE CONTAINMENT

STRUCTURE

NRC POSITION:

(2) To satisfy the following requirements, the application shall
provide sufficient information to demonstrate that the required
actions will be satisfactorily completed by the operating license
stage. This infor=ation is of the type customarily required to
satisfy 10 CFR 50.35(a)(2) or to address unresolved generic safety
issues. (NUREG-0718, Category 4)

(xxvi) Provide for leakage control and detection in the design
of systems outside containment that contain (or might

contain) TID 14844 source term radioactive materials
following an accident. Applicants shall submit a leakage
control program, including an initial test program, a
schedule for retesting these systems, and the actions to
be taken for minimizing leakage from such systens. The
goal is to minimize potential exposures to workers and
public, and to provide reasonable assurance that excessive
leakage will not prevent the use of systems needed in an
emergency. (NUREG-0718, III.D.1.1)

PSO RESPONSE:f,

Introduction

During the accident at Three Mile Island, systems located cutside the
containment were used with resulting releases of radioactive material
to the ventilation systems. These releases resulted from leaking
valves, waste gas compressor seals and open rupture discs. The
residual heat removal system was not used as designed for several
reasons, one of which was the uncertainty of the leakage
characteristics of the system.

As a consequence of the Staff's concern about adequate leak detection,
they have, in NUREG-0718 (Revision 1), " Licensing Requirements for
Pending Applications for Construction Permits and Manufacturing
License," required BWR Construction Permit applicants to submit a
leakage control program, including an initial test program, a schedule
for retesting these systems, and actions to be taken for minimizing
leakage from such systems. The goal is to minimize potential exposures
to workers and public, and to provide reasonable assurance that
excessive leakage will not present the use of systems needed in an
emergency.

Purpose of Leakage Control

In both PWP.'s and BWR's, primary coolant may be circulated outside

(~) primary containment in a post-accident environment. Consequently,
t/ emphasis is placed on minimization of leakage paths during design, leak

detection, leak collection, and leak treatment during operation. The
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BFS design includes a secondary containment because of the potential
for leakage during normal operation. The secondary containment houses
most of the auxiliary systems which may contain primary coolant in the
event of an accident. The standby gas treatment processes the air
inside the secondary containment for radioactivity control before
discharge to the atmosphere.

Leakage Control Program

1. System Description

The BFS design incorporates several systems, portions of which are
located outside primary containment, that are provided for accident
prevention a i mitigation. Consequently, the design requires that
seme of these continue to function in an accident environment.

Systems located outside of the containment structure have been
reviewed to determine which may contain TID 14844 source term
radioactive materials following an accident. These systems are
listed below:

a. Residual Heat Removal
b. Low Pressure Core Spray
c. High Pressure Core Spray
d. Reactor Core Isolation Cooling
e. Reactor Water Cleanup
f. Plant Equipment and Floor Drains

i g. Main Steam Isolation Valve Leakage Control
h. Standby Gas Treatment
1. Post Accident Sampling
j. Containment Atmosphere Monitoring

The above systems were also reviewed to determine which systems
would not isolate as the result of an accident. The non-isolating
systems, utilized to mitigate the consequences of a sericus
transient or accident, are listed below:

a. Residual Heat Removal
b. Low Pressure Core Spray

. c. High Pressure Core Spray
d. Reactor Core Isolation Cooling
e. Main ; team Isolation Valve Leakage Control
f. Standby Gas Treatment

2. Design Basis to Minimize Leakage

Systems located outside of containment that may contain radioactive
material are designed, to the maximum extent practicable,
toninimize radiation exposures to workers and to the general ggg
public. Some of the generic guidelines used during systen design
are given below:

191 19-111381
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a. We'.ded construction will be used to the maximum extent
i practicable,

b. Valve and pump selection criteria will include packing and
seal considerations to minimize leakage.

c. Pressure relief valves will be piped to enclosed vessels or to
the Plant Equipment and Floor Drain System.

d. Test connections will be provided to aid in identification of
leakage during initial and periodic leak testing.

e. Pathways for containment bypass leakage have been analyzed and
means for controlling and minimizing leakage to the environment

j are included in the BFS design.

f. A quality assurance program will be implemented to assure that
system components that may contain highly radioactive materials
are designed and fabricated, and materials selected in
accordance with requirements commensurate with their importance
to safety or in mitigating radioactivity release.

] () 3. Special Systems

The design of BFS incorporates special systems to detect and/or
reduce the consequences of system leakage as described below:

! a. The Leak Detection System provides monitoring and detection of
excessive leakage from the following systems:

e Low Pressure Coolant Injection (Emergency Core Cooling System
code of Residual Heat Removal)'

e Low Pressure Core Spray (Emergency Core Cooling System)
e High Pressure Core Spray (Emergency Core Cooling System)
e Reactor Core Isolation Cooling
e Reactor Water Cleanup
e Residual Heat Removal (Emergency Core Cooling Systt \

!

i The leak detection system monitors equipment room temperatures,
process system flow, sump flow rate, and radiation level. The
systems above are isolated automatically on detection of
excessive leakage by the Leak Detection System except for the
Emergency Core Cooling System function. Excessive leakage is
annunciated for all aystems,

7

b. The Process Radiation Ibnitoring System will monitor the
radioactivity of in fluid streams and automatically isolate the,

following:

.
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Fuel Building and Gencral Services Building Ventilation Exhauste

e Habitability Area of Control Building
e Main Condenser Vacuum Pump
e Main Steam Isolation Valves

The Process Radiation Moni*,aring System will also monitor the
radioactivity in fluid streams which do not contain
radioactivity during normal operation but which have the
potential for becoming contaminated through inter-system
leakage. Such leakage is annunciated when the preset limits
are exceeded.

c. Waste treatment systems have been provided fr.r BFS to pro:ets
and reduce the concentration of radioactive fluids before
further usage or release to the environment. These systema are
discussed below:

e A Standby Gas Treatment System is provided to control
exfiltration of contaminated air from the secondary
containment following an accident which results in
abnormally high airborne radioactivity levels in the Shield
Building, Auxiliary Building and Fuel Building. The Standby
Gas Treatment System will operate to maintain a

|||subat=ospheric pressure in these areas. Gaseous reviioactive
discharges from Engineered Safety Features Systems, which
are not isolated from the containment following an accident,
will be collected and filtered by the Standby Gas Treatment
System betore release to the environment.

The Main Steam Isolation Valve Leakage Control System 'iae

designed to minimize the release of fission products which
could bypass the Standby Gas Treatment System after a LOCA.
This 1.s accomplished by directing the leakage from the
closed main steam lines through a bleed line into an area
served by the Standby Gas Treatment System, eliminating
direct leakage to the envirenment.

Leak Testing Program

PSO will determine actual base line data during construction and
preoperational testing. Leakage rate tests will be performed in
accordance with the criteria of Appendix J of 10 CFR Part 50 and ASME
Section XI. Systems containing gases will be tested, using tracer
gases, by pressure decay testing or by metered makeup tests.
Acceptance criteria will be established and guidance for corrective
actions will be included to assure continued low leakage rates.

Periodic tests wil; be conducted by ' surveying the af fected systems
ender normal or tes': pressures. PSO will also implement preventative g

I periodic mainteara re programs to minimize system leakaga. The w
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testing schedule and the details of the testing and surveillance
program will be described in the BFS PSAR. '

..
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O 10 CFR 50.34(e)(2)(xxvii) IN-PLANT RADIATION MONITORINGv

NRC POSITION:

(2) To satisfy the following requirement, the applicativo shall
provide sufficient information to demonstrate that the reluired
actions will be satisfactorily completed by the operating
license stage. This information is of the type customarily
required to satisfy 10 CFR 50.35(a)(2) or to address. aurssolved
generic safety issues. (NUREG-0716, Category 4)

(xxvii) Provide for monitoring of in-plant radiation and
airborne radioactivity as appropriate for a broad range
of routine and accident conditions. (NUREG-0718,
III.D.3.3)

PSO RESPONSE:

Introduction

Following the accident at TMI-2, it was determined that the mocitoring
of in-plant radiation and airborne radioactivity was not adequate for
emergency conditions. The number and location of area radiation
monitors was inadequate to provide information required to minimize
post accident radiation exposures. Also, the equipment used to

(~] determine airborne radioactivity concentrations was inadequate and the
resulting conservative assumptions used to estimate these''

concentrations caused the airborne concentrations to be overstated.
The overstated airborne radioactivity concentrations caused plant
operations personnel to use cumbersome respiratory equipment thereby
unnecessarily impeding their efforts to deal effectively with the
accident. The NRC Staff has developed the requirement for augmented
sampling and monitoring equipment to assure adequate monitoring of
in-plant radiation and airborne radioactivity as appropriate for a
broad range of routine and accident conditions.

Description of BFS Equipment and Facilities

In-plant radiation and airborne radioactivity will be monitored at BFS
by the Area Radiation monitoring System (ARM) and the Process Radiation
Monitoring System (PRM) . The PRM is described in the BFS PSAR Section
11.4 and the ARM is described in Section 12.3.4.

In addition to the ARM and the PRM, portable airborne iodine samplers
will be provided in suf ficient quantities to sample all vital areas.
This equipment will be used for routine and emergency conditions as
required to supplement permanently installed process radiation
monitoring equipment. Plant personnel will be trained in the use of
this equipment under both routine and emergency conditions.

A counting room will be located on the 592'-10" elevation of the7s(_,) General Services Building. This low-background counting room will
19

house a Multi-Channel Analyzer capable of accurately measuring iodine,
noble gases, and other radioactive material.
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The above BFS equipment and facilities will be provided in accordaace
with the guidelines of NUREG-0737, "ClarificatL:n of TMI Action Plan
Requirements," Item III.D.3.3.

.
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10 CFR 50.34(e)(2)(xxviii) CONTROL ROOM HABITABILITY

NRC POSITION:

-(2) To satisfy the following requirement, the application shall
provide sufficient information to demonstrate that the required
actions will be satisfactorily completed by the operating license
stage. This information is of the type customarily required tc
satisfy 10 CFR 50.35(a)(2) or to address unresolved generic
safety issues. (NUREG-0718, Category 4)

(xxviii) Evaluate potential pathways for radioactivity and
radiation that may lead to control room habitability
problems under accident conditions resulting in a TID
14844 source term release, and make necessary design
provisions to preclude such problems. (NUREG-0718,
III.D.3.4)

FSO RESPONSE:

Introduction

Following the TMI-2 accident, it was determined that the following
factors contributed to the control room contamination: (a)- lack of
adequate control room access control, (b) access by contaminated
personnel, (c) doors that were left cpen, and (d) the inability to
monitor accurately the control room atmosphere in the recirculation
mode. As a result of the NRC Staff review of the TMI-2 accident,- the
NRC Staff has developed the requirement for construction permit
applicants to evaluate potential pathways-for radioactivity and
radiation that may lead to control room habitability problems under
accident conditions, and make necessary design provisions to preclude
such problems.

Resolution of Specific TMI-2 Problems

1. Lack of Adequate Control Room Access Control

Control room access control will be limited by administrative
procedures, and will be enhanced due to the dedicated Technical
Support Center'(TSC) and the on-site Operations Support Center
(OSC) provided at BFS. The TSC and OSC will provide work areas for
additional opeaating personnel during accident coaditions, thereby
reducing the cong=ation in the control room.

2. Access By Contaminated Personnel

A combination of rr.diation monitoring devices and administrative
procedures will be provided to ulnbi ze the potential for
contamination of the control room by contaminated personnel.

O
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3. Control Room Doors Left Open

The double entry doors into the control room will be designed to
prevent an open path for contaminated air to enter the control
room.

4. Inability to Monitor Accurately the Control Room Atmosphere

The BFS control room atmosphere vill be monitored continuously by a
three-stage particulate, iodine and noble gas radiation monitor
during accident conditions.

Description of the BFS Control Room Habitability System

1. Normal Operation

During normal operations, one of two full-capacity air handling
units will maintain the control room habitability area environment
within the design basis envelope by supplying conditioned air to
the habitability area. Outside air, in a quantity sufficient to
meet ventilation requirements, shall be supplied through the
operating air handling units to the habitability area.

2. Emergency Operation |||
The control room is supplied with two redundant emergency air
cleanup units. The emergency air cleanup units will not operate
during normal conditions with the exception of short periods for
surveillance and inspection purposes. The selected emergency air
cleanup units and associated isolation and control dampers will be
automatically initiated if any of the following conditions occur:

Incidence of a LOCA (indicated by high drywell pressure ore

low reactor water level) .

e Indication of high radiation levels at the normal outside
air intake,

Indication of chlotine gas at the normal outside aire

intake.

e Indication of smoke at the normal outside air intake.

If the selected emergency air cleanup unit fan fails to maintain
air flow following the automatic start of the unit, then the
standby air cleanup unit and associated equipment will be
automatically energized.

O
|
|
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Summary

The BFS control room habitability design concept has not changed from-
that presented in the PSAR. The design was previously reviewed against
Regulatory Guides 1.78 and 1.95 and Standard Review Plans 2.2 and 6~4.

by the NRC and found acceptable (Reference Black Fox Station SER,
NUREG-0190, June, 1977 and Supplement No. 2, March,1979.)

The BFS control room habitability design has been re-reviewed by PS0
and found to be in conformance with the following:

1. Standard Review Plans 2.2.1-2.2.2: " Identification of Potential
Hazards in Site Vicinity."

2. Standard Review Plan 2.2.3: " Evaluation of Potential Accidents."

3. Standard Review Plan 6.4: " Habitability Systems."

4. Regulatory Guide 1.78: " Assumptions for Evaluating the
Habitability of a Nuclear Power Plant Control Room During a
Postulated Hazardous Chemical Release."

{# 5. Regulatory Guide 1.95: " Protection of Nuclear Power Plant Control
Room Operators Against an Accidental Chlorine Release."

6. K. G. Murphy and K. M. Campe, " Nuclear Power Plant Control Room
Ventilation System Design for Meeting General Design Criteria 19,"
13th AEB Air Cleaning Conference, August, 1974.

A review of the control room shielding will be performed as described
in PSO's response to Requirement (2) (vii) .

O
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(')s 10 CFR 50.34(e)(3)(1) PROCEDURES FOR FEEDBACK OF OPERATING, DESIGN
.

(_
AND CONSTRUCTION EXPERIENCE

NRC POSITION:

(3) To satisfy the following requiree< nt, the application shall_

provide sufficient information to demon 3trate that the
requirement has been met. This informa tion is of the type
customarily required to satisfy 10 CFR 50.34(a)(1) or to address
the applicant's technical qualifications and management structure
and competence. (NUREG-0718, Category 5).

(1) Provide administrative procedures for evaluating operating,
design and construction experience and for ensuring that
applicable important industry experiences will be provided
in a timely manner to those designing and constructing the
plant. (NUREG-0718, I.C.5).

PSO RESPONSE:

Introduction

Prior to and following the accident at Three Mile Island-Unit 2, the
Office of Nuclear Reactor Regulation (NRR) of the Ibclear Regulatory
Commission (NRC) saw the need for substantially improving the feedback

(,~s) of industry operating experience to individual licensee staffs for

information pertinent to the operation of their plant. The primary
document arising fron post-TMI requirements was NUREG-0660, "NRC Action
Plan Developed at a kesult of the TMI-2 Accident." In short, this
document stated that licensee procedures should effectively be reviewed
and revised as necessary to assure that important operating experience
both within and outside the organization was continually provided to
operators and other personnel. In addition, the procedures should
assure that high priority items received prompt attention while keeping
operating personnel from being deluged with paper or instructions on
less important matters which could be detrimental to their over-all job
proficiency. This feedback of operating experience was applicable to
operators of reactors and applicants for an operating license.

In the continuing evolution of this requirement, NUREG-0737,
| " Clarification of TMI Action Plan Requirements" delineated the required

content of the licensee procedures. NUREG-0737, Item I.C.5, stipulated
that this requirement was applicable to operators of reactors and
applicants for an operating license.

The final Staff revision to this requirement and to which this response
is addressed, is embodied in NUREG-0718, " Licensing Requirements for
Pending Applications for Construction Permits and Manufacturing
License." In NUREG-0718, Staff concerns regarding procedures for
feedback of design and construction experience in addition to operating
experience are incorporated. As a result, this requirement is now

k_w) applicable to construction permit applicants.

-
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The Black Fox Station (BFS) project procedures will have provisions for
the evaluation and feedback of industry operating, design and
construction experience to the personnel involved in the design,
construction and operation of BFS.

Organizational Responsibilities

Specific documents containing design, construction and operaiang
experience, as defined by project procedures, are directed to the BFS
Nuclear Licensing organization. The Manag2r, Nuclear Licensing is
respcnsible for implementation of the PS0 program that feeds back 19
industry experience into the design, construction and operation of
BFS. The lhnager, Nuclear Licensing or his designee will initially
screen the information to discard information clearly not api iicable to
BFS and direct the remainder to the appropriate BFS canager for further
disposition. If the information is applicable, the manager will notify
the Manager, Nuclear Licensing of his recommended action for
resolution. If the recommended action reflects a change from
information submitted in previous licensing documents, the Manager,
Nuclear Licensing, or his designee will ensure the change is reflected
in futura submittals to the NRC.

Administration and Review of Information

1. General

As part of its responsibilities, GE has, within its Muclear
Services Department, established and maintained a focmal service
advisory crumunication system that is designed to provide the BWR
Owner-Operator with a broad coverage of BWR operating and
maintenance information and recommendations. In addition, GE
routinely reviews other available industry experience for
applicability to the equipment and services it supplies to BWR
Owner-Operators. Similarly, Black and Veatch and PS0 review
available industry experience for applicability to the design and
othcr services provided to PS0 for the BFS.

2. Public Service Company of Oklahoma

a. Program Description

PS0 functions within the review process for operating design 19
and construction experience to:

1) Review information obtained from industry feedback and
determine recommendations for applicability to BFS,

2) furnish to principal contractors information uniquely
available to PSO, |||
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3) provide direction to project staff and principal
contractors for incorporating and implementing operating,;

design and construction experience into the BFS design and
construction,

4) provide direction to the PSO project staff for
incorporating and implementing operating experience into
training and procedures for BFS, and

5) audit and monitor the principal contractors' implementation
of their programs.

Operating, design, and construction experience information
enters the BFS nuclear project review from two general
categories; regulatory agencies, and industry sources.
Examples of both categories include:

1) Regulatory Agency Information:

e USNRC Regulatory Guides

e USNRC Inspection and Enforcement Bulletins, Circulars
! and Information Notices

Standard Review Plans (including Branch Technicale

Positions)

2) Industry Information:

Reports from GE (Service Information Letters (SILs),e
and Application Information Documents (AIDS))

Reports from the Nuclear Safety Analysis Center -(NSAC)e
and the Instit ;tte of . Nuclear Power Operations (INPO)

NSAC/INPO Significant Events Evaluation Informatione,

Network (SEE-IN)
i

Other industry experience from participation in variouse
' industry groups, e.g., EEI, AIF, owners groups, etc.

As external information from the above general categories is
received, it is directed to the Nuclear Licensing organization
for review. Their review is three-fold in purpose:

1) To reduce the quantity of information received to
manageable amounts by discarding information clearly

m non-relevant to BFS, and
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2) To separate the information into licensing, operations,
design or construction disciplines of concern. Opera tional
information is transmitted to the Manager, Black Fox
Station; design information to the Manager, BFS Engineering;
and construction information to the Manager, BFS
Construction. If the received infor=ation may impact more
than one discipline, the information will be transmitted to
all of the affected parties.

3) Eliminate conflicting or contradictory information.

The review of operating, design or construction information
has been or will be addressed in the following project
procedures:

1) Review of IE Bulletins, Circulars and Information
!btices--defines responsibilities and establishes
systematic review of IE documents.

2) Review of and Commitment to Regulatory Guides--defines
responsibilities and establishes guidelines for syste=atic
review and evaluation of Regulatory Guides and Draf t
Regulatory Guides.

O
3) Review of Industry Experience--provides mechanism for

review of operating, design and construction experience
from various industry sources that might be applicable to
BFS.

PSO will continually monitor the timeliness and suf ficiency of
the review process for the BFS by utilizing an in-house
tracking system. In accordance with formal procedures, PS0
will continually monitor the timeliness and sufficiency of the
review process for BFS, Ccamitments resulting from this review
process are incorporated into PS0's Licensing Commitment 19

Tracking System (LCTS). The LCTS provides a computerized data
base to aid in assuring compliance with these commitments.

b. Operating Experience

Operating experience information is routed by the BFS Nuclear
Licensing Organization to the Manager, BFS, or his designee for
review. In addition, the Manager, BFS will be privy to a
continuous flow of information resulting from PSO's
participation in owners groups and other formal and informal
contacts.

The Manager, BFS will determine if the information is
applicable to BFS and if the disposition needs to be pursued g'
wit'a the principal contractors or the applicable vendors. A
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primary source of information is the INP0/NSAC "SEE-IN' progxu
of which PSO is a subscriber.

.

iA short time af ter the accident at Three Mile Island the
Naclear Safety Analysis Center (NSAC), with the support of its
utility advisory group, began developing a program to improve -

the means by which the benefits of shared nuclear plant
exp tence are attained. In early 1980, shortly after its
formation, the Institute of Nuclear Power Operations (INPO)
joined NSAC in the development and implementation of the
program. The program has been named the "Signficant Esrat
Evaluation and Information Network" (SEE-IN) . It is a network
in the sense that it involves NSAC, INPO, the nuclear
utilities, the nuclear steam supply system vendors, and
appropriate contractor support.

The objective of SEE-IN is to provide a high degree of
assurance that the cumalative learning process from operating
experience works well, and that the lessons learned are
reportel in a timely manner to improve both plant safety and

. _
availability. This objective is met by systematically
screening all available nuclear plant cadnt information,

f'; identifying and evaluating the important or significant events
' and communicating the results to the utilities and applicable

Contractors.

The principal organizations involved in the initial screening
of plant event data are the utilities, NSAC, and INPO. It is
essential for these organizations (i.e., the utilities, NSAC,
and INPO) to interface and supplement each other in the
screening process for maximum efficiency to be realized.

The primary data used as input to the screenin8 Process are
,

Licensee Event Reports (LERs) and outage reports, Both of
these report types are submitted in accordance with Nuclear
Regulatory Commission (NRC) requirements. The objective of the

,i SEE-IN screening process is to identify those plant events
which are most likely to justify further action on the part of
the utilities to upgrade nuclear safety or reduce financial
risk. Events which become candidates for action analysis
(i.e., products of the screening) will be te rmed
"significant". INPO and NSAC have designed a Licensee Event
Report Tracking System (LERTS) to track the status of screening
and any followup action on all LERs. Once a significant event
has been identified from the screening process, it will undergo
an action analysis. The purpose of the action analysis is to
investigate the event in some detail and develop and evaluate

ps practical remedies. It may be discovered that no further
,

N,-) action is required or that it is only necessary to make certain1

organizations aware of the event.
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For those events requiring further action, the results or the
actica analysis will be communicated to the utility. In some
instances, recommendations will be made 't mitigating the-

underlying problems. The recommendations w:. '.1 be made for
consideration purposes only.

The Manager, ?hclear Licensing or his designee will receive the
SEE-IN recommendations and evaluate the information for
applicability to BFS. The eventual result of the reviews will
be implemented as appropriate by PSO,

c. Design Experience

For design experienca, BFS Engineering has primary
responsibility for resolving concerns once the information is
received from the Nuclear Licensing organiz< tion. The Manager,
BFS Engineering will review the information and direct it to
the responsible engineer for a determination of the necessary
action. The responsible engineer may consult with either Black
and Veatch, GE, or the supplying vendor to evaluate the
concern. The Manager, Nuclear Licensing, will be apprised of
any design changes to determine if they require revision of
licensing ~ documents.

O
d. Construction Experience

The Manager, BFS Construction, has primary responsibility for
resolving construction concerns once the information is
received from the Nuclear Licensing organization. The Manager,
BFS Construction, or his designee may request assistance from
the Manager, BFS Engineering, or Black and Veatch as
appropriate to resolve construction concerns. The Manager,
Nuclear Licensing, will be apprised of any construction changes
to determine if they require revision of licensing documents.

3. General Electric

a. Advisory Service

The GE-Nuclear Services Department maintains a service advisory
coemunication system that is designed to provide the BWR
Owner-Operator with a broad coverage of BWR operating and
maintenance information and recommenda dvas. This system,
implemented by the Service Information Letter (SIL), is
designed to collect, process, and disseminate information
pertinent to:

1) unique operating conditions and experiences

| 2) improved methods, techniques and procedures for operating g
and maintaining BWR plant equipment W
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3) plant performance improvement and equipment upgrading
4) safety, licensing and other regulatory matters.

The major sources of information, including data, drawings,
e quipmen t, catalog /part numbers, problem definition, technical
work recommendations, and other technical material required to
prepare SILs include:

1) Application Information Documents (AIDS)
2) Field Engineering Memos (FEMs)
3) Product Experience Reports (PERs)
4) Safety and Licensing Reports
5) Reports and Instructions prepared by GE Engineering

organizations
6) GE and Vendor Equipment Instruction Manuals
7) Equipment Failure and Reliability Reports
8) BWR Plant Owner-Operator (s) and utility management

suggestions
9) Startup and Preoperational Test Reports

Occasionally, a need may arise to transmit to the utility
owners with operating BWRs an urgent announcenent of a

[') potential operational situation which could adversely impact
'''

plant operations. In general, such announcement; will consist
of a complete explanation of the situation with advice or
precautionary measures to be observed.

Prior to release from GE-Nuclear Services Department, SILs
will undergo formal review by responsible design engineers,
other cognizant engineers and GE =anagement representing
various disciplines including engineering, startup tests,
licensing, and services.

PS0 has found the GE feedback program acceptable. 19

b. NRC Information

Information received from the Nuclear Regulatory Commission
falls into the following categories:

1) I&E Bulletins, Circulars and Information
2) NUREGs, Regulatory Guides and SRPs

I&E Documents are received by one individual within the GE
licensing department, who reviews and routes it to the proper
unit within the department. In turn, that particular unit will
review and communicate with each project to which that

rs information may be applicable,
d
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NUREGs , Regulatory Guides and SRPs are received directly from
the NRC distribution list by the following organications within
the GE licensing department:

1) Standardization
2) Operating Reactor Service
3) BWR Project Licensing
4) BWR System Licensing
5) Washington Liaison Office

Each organization reviews the documents received and
disseminates the data to the proper individual within the
licensing organization. At that time all Project Managers are
made aware of the information if their project is affected.

c. Field Information

Within the General Electric Nuclear Division, all systems are
assigned a Lead System Engineer with the price responsibility
for that particular system. If at any time a problem is
encountered in the field by PSO, Black and Veatch or GE field
representatives, GE personnel will write a field deviation
disposition report (FDDR) describing in detail the problems

|||encountered. At the same time, that report may suggest a
solution which is transmitted back to the GE Lead System
Engineer in San Jose. That particular Lead Engineer will
review the FDDR for its application. If it is a generic
problem, an Engineering Change Authorization (ECA) will be
written for review and approval. If the ECA is approved, then
an Engineering Change Notice (ECN) will be issued to all
projects to correct the problem. If the Lead System Engineer
finds that the problem is only applicable to a certain project,
the same procedure described above will take place but only the
specific project management will be notified.

4. Black and Veatch

a. Operations and Design Experience

Black and Veatch BFS project personnel have a responsibility to
identify and resolve design and operational feedback concerns
for the BFS Project. Sources utilized for feedback include:

1) NRC Inspection and Enforcement Bulletins, Circulars and
No tices

2) INP0/NSAC Significant Operating Experience Reports
3) Various Internal Black & Veatch Sources
4) Various External Sources

O
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NRC Inspection and Enforcement Documents are received and
reviewed in accordance with established project instructions to
determine applicability to and impact upon BFS design,:
construction and/or operation by the Licensing and Project
Design Engineers (PDE). PSO has reviewed and approved the _

19Black & Veatch program for feedback of operating experlence
into the design of BFS.

Examples of other documents providing operating and design
experience feedback that may be routed directly to the PDE for
review and identification of concerns, if applicable, include:

1) Licensee and Vendor Inspection Status Reports issued by the
NRC.

2) Power Reactor Events, issued by the NRC.
3) Nuclear Power Experience, issued by Nuclear Power

Experience, Inc.
,

4) Atomic Energy Clearing House information
5) EPRI Reports-
6) General Electric experience feedback from other BWR's
7) Information obtained from various committees such as the.

AIF Raactor Licensing & Safety Committee
8) NUREG Documents
9) NRC Generic Letters

Liaison with other nuclear projects, which Black and Veatch is
involved in, is maintained by project management. Contacts-
with utilities, vendors and other engineering firms are also
maintained and provide valuable experience feedback. Feedback
applicable to BFS is routed to the appropriate PDE or PSO for
resolution.

Significant experience feedback, if applicable, is incorporated
into design criteria documents such as' System Analyses Reports,
the Project Design Manual and System Design Specifications.

; These engineering documents are utilized in developing detailed
; design documents. Likewise, experience feedback, if
! applicable, is incorporated into System Descriptions which are

utilized in preparing the preoperational, startup and operating
procedures for the Black Fox Station.

Most items applicable to the project will be resolved in the
design process and not require a change to one of the documents
described above. All items requiring a change are submitted to
PSO for review and concurrence using either a design change
request, design change document or letter correspondence in
accordance with documented procedures in the BFS Project
Instructions.

O

,
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b. Construction Experience

Black and Veatch has a dedicated project constructability team
which interfaces directly with the BFS site through the Black
and Veatch Site Liaison organization and PS0 construction
management. The constructability team obtains construction
experience data through reports from the field, review of I&E
Bulletins, Circulars and Information Notices, and review of
construction practices at similar sites. The significant
experience data obtained from these sources is communicated to
the Black and Veatch PDE's, Black and Veatch Site Liaison and
PSO Construction Management in the form of letter reports to
alert both design and construction personnel to potential
problems that may be encountered during the construction phase..

Avoidance of Extraneoar and Unimportan: Information and Conflicting
or Contradictory Information

PSO's Nuclear Licensing organization will, through its screening
process, remove extraneous or unimportant informaticn to reduce the
unnecessary distraction of Project personnel. The Nuclear Licensing
organization will also assure that potentially conflicting or
contradictory information is identified and resolved if possible before ||g
transmitting to the appropriate organization for review.

Practical Interim Audits

PS3 will monitor compliance with these requirements by conducting
periodic audits of PSO, Black and Veatch, and General Electric
activities in accordance with project procedures.

,

O
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() 10 CFR 50.34(e)(3)(ii) EXPAND QA LIST

NRC POSITION:

(3) To satisfy the following requirement, the application shall
provide sufficient information to demonstrate that the
requirement has been met. . This information is of the type
customarily required to satisfy 10 CFR 50.34(a)(1)' or to address
the applicant's technical qualifications and management structure
and competence. (NUREG-0718, Category 5)

(ii) Ensure that the quality assurance (QA) list required ' by
Criterion II, Appendix B, '10 CFR 50 includes all
structures, systems, and components important to safety.

_

(NUREG-0718, I.F.1)

PSO RESPONSE:

Introduction
.

During the investigations of the Three Mile Island Unit 2 accident, the
NRC determined that the Quality Assurance List for the power plant did
not include many of the items that had contributed to the significance
of the accident. As a part of the lessons learned from Three Mile
Islard, the NRC has established the requirement for applicants to

() ensure that methods and procedures are in place to assure that all
structures, systems, and components of a nuclear power plant are
appropriately classified in accordance with their importance to safety,
and that appropriate quality assurance actions are taken to assure
implementation of the associated criteria. The expanded Quality
Assurance List to meet this requirement provides a listing of
structures, systems, and components that are important to safety,
including items specifically safety related or items that contribute to
or whose failure could affect the proper functioning of safety related
items.

Description of Program

The Q List for BFS has been designated as an Essential Items List
'

(E-List). This E-List actually consists of several separate, but
complementary lists. The BFS Project Design- Manual includes a listing

',
of BFS systems and. structures important to safety, identified by name
and acronym. The Project Design Manual also contains major design
criteria unique to the Black Fox site and the NSSS. This Project
Design Manual is prepared, maintained, and approved by Black & Veatch.
In addition, PS0 reviews and concurs with all revisions of the Project
Design Nhnual.

The portion of the E-List contained in the Project Design Manual
consists of a listing of all major components within the systems and
structures of BFS that are important to safety and consequently subject

Os to the provisions of the Quality Assurance Program. For items that
fall within the GE scope of work, inputs to the E-List are implemented
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based on GE recommendations. This portion of the E-List was reviewed
and approved by the B&V Manager, Design and reviewed and concurred vith
by the PSO Manager, BFS Engineering in accordance with the procedur-4
governing the preparation, review, and approval of the Project Design
Manual. Changes to the Project Design Manual are reviewed and approved
in a similar manner.

In addition to the above listing, several other lists are prepared,
reviewed, and approved by Black & Veatch to complete the eatire
definition of the E-List. These additional listings are as follows:

A detailed listing of all major equipment important to safetye

within the B&V scope of work is maintained as a computer data base
and contains the unique identification number for each piece of
equipment as well as the defined safety class, quality group,
seismic category and electrical classification for the equipment, as
appropriate.

Several detailed listings of all components important to safetye

within the B&V scope of work, sorted by type of component (such as
valves, pipelines, electrical devices, etc.) are also developed,
reviewed and approved by B&V. These listings contain the unique
identification number and defined safety class, quality group, g
seismic category, and electrical classification as appropriate for
the type of equipment.

E-List Development

The Project Design Manual listing is the initial levelopment stage of
the E-List. The Project Design Manual contains the listing of the
structures and systems important to safety. The ,ajor components of
those systems are identified. The preparation of the E-List as a
portion of the Project Design Manual is controllet. by procedures
contained within the Black & Veatch Quality Assuri.nce Program which
cover the development, review, approval, and issue control. The
primary criteria utilized by personnel at Black & Veatch to determine
the importance to safety for the structures, systeas, and major
components of BFS come from the following documents:

10 CFR 50 Appcadix A, " General Design Criteria for Nuclear Plants."e

Regulatory Guide 1.26, " Quality Group Classifications and Standardse

for Water, Steam, and Radioactive Waste Containing Components of
thclear Power Plants."

Regulatory Guide 1.29, " Seismic Design Classification."e

ANSI N212, " Nuclear Safety Criteria for the Design of Stationarye

Boiling Water Reactor Plants." h
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GESSAR, " General Electric Standard Safety Analysis Report."e

ANSI N212 defines a graded approach for assigning numerical safety
classifications, as appropriate to the level of importance to safety,
for all types of equipment. Regulatory 'Juide 1.26 defines a further
alphabetic classification scheme for fluid containing components to
relate to application of industry standards, as appropriate to the
level of importance to safety. Regulatory Guide 1.29 provides two
classification categories, seismic and non-seismic, as appropriate for
structures and components, as related to their importance to safety.

The various classification schemes contained within the primary
criteria documents listed above were grouped into 15 possible
combinations. The resulting system provides a method for defining the
level of importance to safety of the individual components.

In addition, the inclusion of specific designations on the E-List for
quality assurance applicability; safety class, quality group, seismic
category, electrical classification and other appropriate information
provides definition of the design, procurement, fabrication, and
construction requirements to the personnel involved in these
activities.

)
Following the development of the major systems and structures E-List
(in the Project Design Manual), the development of the detailed parts
of the Essential Items List was initiated based on the development of a
System Design Specification (SDS) for each system identified in the
PDM. The SDS was developed to define and document each system
function, the exact system boundaries, the interfaces with other
systems, the NSSS/ BOP design interfaces, the regulatory criteria
applicable to the design of the system, the industry codes and
standards applicable to the system, and the special functions of each
component within the system with respect to its importance to safety
(both as a primary function and/or its relationship to other systems
and components important to safety). The SDS is prepared and approved
by Black & Veatch in accordance with B&V Quality Assurance Program
procedures. Each SDS is reviewed and approved by the B&V Manager,;

| Design. PSO reviews and concurs with the SDS for applicability to
| Black Fox Station in accordance with procedures in the PS0 Quality

Assurance Program. The SDS serves to define all portions of the system
that are important to safety and provides the criteria to be used for
each portion of the system for assigning classifications (safety class,
quality group, seismic category, and electrical classification, as
appropriate) to the individual components within the system. The
detailed parts of the E-List are prepared and approved as final design
is accomplished. The SDS is used as a basis to ensure that all
components are entered on the respective E-List prior to their
procurement. The development, identification of authorized personnel

~ ~
to approve the E-List and changes thereto, and the distribution of the
approved parts of the E-List are controlled in accordance with
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procedures contained within the respective PSO and B&V Quality
Assurance Progrsms.

Continuing Development

During the design and licensing process for BFS, various additional
regulatory positions and requirements have been defined which af fect
the quality requirements for structures, systems, and components.
These have included such ite=s as quality assurance requirements for
fire protection system, branch technical position APCSB 9.5-1, quality
assurance requirements for radiological waste systems defined in branch
technical position ETSB 11-1, and additionally, specialized
requirements defined for feedwater and main steam lines covered by
RSB 3-2. Such udditional requirements have been incorporated in the
E-List for BFS.

The BFS E-List will be periodically updated, re rieved, and approved to
maintain it current with the design for BFS. Particular attention will
be directed to any new structures, systems or components to be included
in the design of BFS as a result of lessons learned from TMI. As such
items are defined in the licensing and detailed design process,
appropriate classifications and entries on the Essential Items List
will be completed.

OPSO Review

For purposes of this Requirement, PS0 will review the Q List used on
BFS by comparing the structures, systems and components of the Q List
with a systems analysis study. The discussion of this systems analysis
study follows.

The systems analysis is performed to provide a systematic
classification of components by examining plant events by frequency of
occurrence, radiological impacts, and allowable limits of the safety
criteria.

The systems analysis is constructed by first defining categories of
plant operation and pctential events in each plant operating category.
The events are ordered by frequency of occurrence. Unacceptable safety
criteria are established according to the expected frequency of
occurrence.

For planned (normal) operation, the unacceptable results criteria are:

Release of radioactive material to the environs exceeding thee

limits of either 10 CFR 20 or 10 CFR 50.

e Fuel failure to such an extent that if the freed fission products
were released to the environs via the normal discharge paths for g
radioactive material, the limits of 10 CFR 20 would be exceeded. W
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'bclear system stresses exceeeding those allowed for plannede

operation by applicable industry codes.

Existence of a plant condition not considered by plant safetye

analysis.

For anticipated (expected) operational transients with calculated
probabilities of occurrence of once per day to once in 20 years, the
unacceptable results criteria are:

Release of radioactive material to the environs exceeding theo

limits of 10 CFR 20.

Any fuel failure calculated as a direct result of the transiente

analyses.

Nuclear system stresses exceeding those allowed for transients bye

applicable industry codes,

Containment stresses exceeding those allowed for transients bye

applicable industry codes when containment is required.

For abnormal (unexpected) operational transients with calculated
probabilities of occurrence of less than one event in 20 years to one
in 100 years, the unacceptable results criteria are:

Radioactive material release exceeding the guideline values of ae

small fraction of 10 CFR 100.

Failure of the fuel barrier as a result of exceeding mechanical ore

thermal limits (failure means gross core-wide fuel cladding
perforations).

Nuclear system stresses exceeding those allowed for transients bye

applicable industry codes,

Containment stresses exceeding that allowed for accidents byo

applicable industry codes when containment is required.

For design basis (postulated) accidents, i.e., events with low
probability of occurrence (once in 100 years to once in 10,000 years),
the unacceptable results criteria are:

e Radioactive material release exceeding the guidelines values of
10 CFR .

Failure of the fuel barrier as a result of exceeding techanical ore

thermal limits. Failure includes fuel cladding fragmentation (Loss
of Coolant Accident) and excessive fuel en'.aalphy (control rod drop
accident) .
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Nuclear system stresses exceeding those allowed for accidents bye

applicable industry codes,

Containment stresses exceeding those allowed for accidents bye

applicable industry codes when containment is required.

Plant main contral room personnel overexposure to radiation.e

Nuclear safety operational requirements are diagrammed for each event
to obtain minimum acceptable results and identify those systems
required to function. The systems required to function become, by
definition, systems important to safety. By inspection of Protection
Sequence Diagrams (described below) those systems required to function
will be determined and the requirements for satisfaction of single
failure criteria observed.

Four operating states are identified in order to establish initial
conditions of each protection system sequence analysis. The four
states are: (1) reactor shutdown, vessel head off (2) reactor not
shutdown, vessel head off (3) reactor shutdown, vessel head on, and (4)
reactor not shutdown and vessel head is on. For each state, required
safety actions are defined to assure adequate control. For example, in
state (4) the required safety actions are as follows:

e Radioactive material release control
e Core coolant flow rate control
e Core power level control
e Core neutron flux distribution control
e Reactor vessel water level control

Reactor vessel pressure controle

?bcleer system temperature controle

?belear system water quality control.

?belear system leakage controle

Core reactivity controle

e Control rod worth control
Containment and Reactor / Auxiliary Buildinge

pressure and temperature control
Stored fuel shielding, cooling, and reactivity controle

Planned operations for each operating state are identified and safety
action sequences are diagrammed to demonstrate system requirements.
The six planned operations are: refueling, achieving criticality,
reactor heat up, power operation, achieving reactor shutdown, and
reactor cooldown. In addition to planned operations, anticipated
operational transients, design basis accidents, and special events are
defined for each operating state and planned operating condition.

For each event, protection sequences are diagrammed to show acceptable
success paths including consideration of single active component
failure and single operator error conditions. From these diagrams, ||h
safety-related system requirements are determined.
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!

,

Those additione; syste as or components identified as safety-related
from the resulta of the systems analysis diagrams,' will be added to the
Q List as described above. Then, for any such. additions, the QA.-

| Program will be applied to all subsequent system design, procurement,
construction and operation activities.

!;
Conclusion

It is concluded, based on the foregoing, that procedures have been and
will be established as necessary to ensure that the Q List mandated by
Criterion II of Appendix B to 10 CFR Part 50'and this Requirement -
includes all structures, systems and components important to' safety.
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10 CFR 50.34(e)(3)(iii) DEVELOP MORE DETAILED QA CRITERIA

NRC POSITION:

(3) To satisfy the following requirements, the application shall
provide suf ficient information to demonstrate that the
requirement has been met. This information is of the type
customarily required to satisfy 10 CFR 50.34(a)(1) or to address
the applicant's technical qualifications and management structure
and competence. (NUREG-0718, Category 5)

(iii) Establish a quality assurance (QA) program based on
consideration of:

(A) Ensuring independence of the organization performing
checking functions from the organization responsible
for performing the functions.

(B) Performing the entire quality assurance / quality
control function at the construction site.

(C) Including QA personnel in (the review and
concurrence) of quality related procedures associated
with design, construction and installation.

(D) Establishing criteria for determining QA
requirements for specific classes of equipment.

(E) Establishing minimum qualification requirements for
QA and QC personnel;

(F) Sizing tre QA staff commensurate with its duties,
responsioilities, and importance to safety.

(G) Establishing procedures for maintenance of
"as-built" documentation;

(H) Providing a QA role in design and analysis
activities. (NUREG-0718, I.F.2)

Guidance related to meeting the criteria of the
Requirement was received from the NRC on April 21, 1981,
in a document entitled, " Proposed Quality Assurance
Guidance to Satisfy NUREG 0718 and Proposed Rule," which
is included as an attachment to this response and

hereafter called the " Staff's QA Guidance Document."

PSO RESPONSE:

Background

b'''
As a result of the accident at TMI-2, the NRC Staff has determined that
near-term construction permit applicants should review and evaluate the
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accident from the standpoint of Quality Assurance (QA) matters to
determine whether their respective QA programs should be revised to
accommodate the lessons learned from the reviews. In addition, the NRC
staff has provided the QA Guidance Document referred to above for the
purpose of establishing a framework for satisfying this Requirement.

PSO has conducted an independent review of the TMI-2 accident from the
standpoint of QA matters and it has reviewed its QA Program with
respect to the matters set forth in the Requirement.

Introduction

PSO's QA program for the Black Fox Station has been reviewed against
the requirements of Appendix B to 10 CFR Part 50, and the liRC Staff has
determined that the principal elements of the QA Program as described
in Chapter 17 of the PSAR meets the requirements of Appendix B.
Nevertheless, it is appropriate to restate in broad terms the
philosophical underpinnings of PSO's QA program and to describe the
actions being taken to constantly improve that program.

PSO is committed to a highly ef fective and comprehensive QA program for
Black Fox Station. PSO, in furtherance of this commitment, has
established an independent QA organization that is responsible for g
developing the QA program and verifying its effectiveness. Towards W
these ends PSO is qualifying its QA program under Section III of the
American Society of Mechanical Engineering (ASME) Boiler and Pressure
Vessel Code with the objective of obtaining the ASME "N" Stamp
Certification. Moreover, PSO recently completed a Management Review of
the Black Fox Station project.

Two aspects of the QA program are discussed in the Management Review
report with recommendations for the consideration of PS0 management.
One recommendation suggests including the Quality Control (QC) in the
organizational structure of the QA organization for the Black Fox
proj ect. Under the present structure, the QC group reports to the
Manager, BFS Construction to assure timely integration of QC activities
in the construction effort. The QA organization presently maintains
control over the QC group by approving the qualifications of QC
personnel and QC procedures, and by auditing their activities. The
organization of the QC group was thoroughly considered during NRC
Staff's review of Chapter 17 of the PSAR and it was concluded (and
recognized by the Staf f in its Safety Evaluation Report) that, for the
Black Fox project, the present structure is acceptable. Nevertheless ,

PSO, as a part of its remobilization af ter the issuance of the
construction permit, will reconsider this matter at the highest
management level in accordance with the recommendation of the
Management Review report.

The second recommendation of the report suggests that communication ggg
within the Black Fox QA organization requires improvement. This
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recommendation was immediately followed-up with the QA organization to
assure that channels of communication were clearly established and

- opened. An ?xecutive review of this effort was conducted with the
}hnager, QA.

The results of PSO's independent review of the QA aspects of the TMI-2
accident and the eight QA criteria of the Requirement as defined for
acceptance in the Staff's QA Guidance Document are discussed below.
The detailed implementation of these criteria are provided for in Table
17A.1-5 of Chapter 17 of the PSAR.

New commitments or changes to the existing PSO QA program resulting
from this review are highlighted by underlining in the response. The
response is organized in the following by repeating the NRC guidance
statement, followed by a description of the PS0 QA program that relates
to the guidance.

,

A. Independence of Organization Performing Checking Functions

NRC Acceptance Criterion 2A1

C'J
\

k- Verification of conformance to established requirements is
accomplished by individuals or groups within the QA organization
who do not have direct responsibility for performing the work being
verified. Rationale and justification must be provided if
performed by other than the QA organization.

PS0 Response to Criterion 2A1

|
Verification of conformance to established QA program requirements

| 1s done by the PSO QA organization which is independent from the
i organizations or groups responsible for performing the work. The

Manager, Quality Assurance reports directly to the Vice-President
of Power Generation who reports to the Executive Vice-President.
PSO QA reviews and approves the suppliers' and contractors' QA
programs and verifies implementation through audits. PS0 QC
performs surveillance of contractor installation to assure that th7
contractor's QC program is performing its function. PS0 QC has the
responsibility to report quality concerns to the Manager, SFS
Nuclear Project. The Manager, BFS thclear Project reports directly
to the Executive Vice-President.

NRC Acceptance Criterion 2A2

The QA organizational responsibilities for inspection are
described. Individuals performing inspections report to the QA7-

(j organization.,

!
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PSO Response to Criterion 2A2

Off-site suppliers and site contractore are responsible for
inspections in accordance with a QA program approved by PS0 QA.
For suppliers, the PS0 QA organization performs audits and
surveillances to assure compliance with their programs. For site
contractors, PSO QA performs audits and PS0 QC performs
surveillance to assure compliance with their programs.

NRC Acceptance Criterion 2A3

Verification of suppliers' activities during fabrication,
inspection, testing, and shipment of materials, equipaent, and
components is planned and performed with QA organization
participation in accordance with written procedures to assure
conformance to the purchase order requirements. These procedures,
as applicable to the method of procurement, provide for:

a. Specifying the characteristics or processes to be witnessed,
inspected, or verified, and accepted; the method of
surveillance and the extent of documentation required; and
those responsible for implementing these procedures,

b. Audits, surveillances, or inspections which assure that the
supplier complies with the quality requirements.

PSO Response to Criterion 2A3

The PS0 QA organization performs surveillance at the source of
supply in accordance with procedures to verify that suppliers are
meeting procurement document requirements.

a. The PSO QA organization reviews procurement documents to
verify inclusion of appropriate witness and hold points such as
start of fabrication, initial welding, non-destructive testing,
hydrostatic testing and preparation for shipment. PSO QA also
reviews to verify that appropriate documents and records are
specified to be submitted or retained by suppliers. In

addition to witnesa and hold points included in the
specification, the PS0 QA organization develops a surveillance
plan on each supplier. The plan specifies the charat.reristics
to be witnessed or inspected, the method of surveillance and
the documentation required. The PSO QA organization implements
the source surveillan~ procedures and plans,

b. As stated in "a" above, the PS0 QA orger.ization performs
surveillance in accordance with procedures to verify the
aupplier complies with procurement document requirements. QA
also approves the suppliers' QA progracus and conducts audits of g
suppliers tc e sure that they comply with their Quality
Asst.:rance Programs.
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NRC Acceptance Criterion 2A4

Receiving inspection is performed by the QA organization to assure:

a. The material, component, or equipment is properly identified
and correspor.ds to the identification on the purchase document
and the receiving documentation,

b. Material, components, equipment, and acceptance records
satisfy the inspection instructions prior to installation or
use.

c. Specitled instruction, test and other records, (such as
certificates of conformance attesting that the materlal,
components, and equipment conform to specified requirements)
are available at the nuclear power plant prior to installation
or use.

PS0 Response to Criterion 2A4_

Receipt inspection is performed by the PSO Quality Control
organization. The receipt inspections plans, procedures and() results are approved by PS0 QA. The plans and procedures assure:

a. Material, component or equipment is identified in cecordance
with procurement document requirements and is traceable to the
receiving documentation,

b. Material, components, equipment, and acceptance records
satisfy the inspegrion instructions prior to installation or
use. The PSO QA organization verifies that the QA records are
acceptable prior to installation or use of the material nr
equipment.

c. Specified inspection, test, and other records, (such as
certificates of conformance attesting that the material,
components, and equipment conform to specified requirements)
are available at the nuclear power plant prior to installation
or use.

NRC Acceptance f'riterion 2A5

Correct identification of material, parts, and components is
verified and documented by the QA organization prior to release for
fabrication, assembling, shipping, and installation.

. PSO Response to Criterion 2A5

( PSO QA requires the supplier's QA program to provide for corrects-

identification of material, parts, and components prior to release

1
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for fabrication, assembling and shipping. Verification of
implementation of the requirements is done by PS0 QA through audits
and surveillance. PSO QC verifies at receipt inspection correct
identification of material, parts, and components. PSO QA reviews
PS0 QC receipt inspection checklists prior to release for
installation.

NRC Acceptance Criterion 2A6

Procedures are established for recording evidence of acceptable
accomplishment of special processes using qualified procedures,
equipment, and personnel. The QA organization verifies the
recorded evidence and documents the results.

PSO Response to Criterion 2A6

Procurament documents instruct the supplier or contractor to submit
special process procedures for approval. For suppliers this
submittal is to General Electric, the NSSS supplier, and Black &
Veatch, the Architect Engineer. For site centractors this

submittal is to PS0 QA. Through surveillanes and audits, PS0 QA
verifies that supplier special process procedures have been
approved, that equipment and personnel are qualified for the
process, and that the process is doce in accordance with the ggg
approved procedures. For site contractors, audits are performed by
PS0 QA and surveillance by PS0 QC. The results of these functions
are documented.

NRC Acceptance Criterion 2A7

Inspection and test results are documented, evaluated, and their
acceptability determined by a responsible individual or group. The
QA organization, as a minimum, evaluates, verifies, and docun:nts
completeness of this activity.

PSO Response to Criterion 2A7

The suppliers' and site contractors' QA programs, which are
reviewed and approved by PS0 QA, require a responsible individual
or group to document, evaluate, and determine acceptability of
inspection and test results. The PSO QA organization, through
source surveillance, evaluates and verifies that suppliers are
accomplishing this activity. The PS0 QC organization, through
su rveillance , evaluates and verifies that site contractors are

accomplishing this activity. These surveillances are documented.

NRC Acceptance Criterion 2A8

Follow-up action is take.a by the QA organization to verify proper
||himplementation of corrective sction and to close out the corrective

action in a timely manner.
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PS0 Response to Criterion 2A8

The PS0 QA organization documents QA program deviations on a
Correction Action Report (CAR) which states the proposed corrective
action and specifies a date for completion. PSO QA personnel
maintain logs to track the completion of corrective action of each
CAR. Proper implementation and timeliness of the corrective action
and its effectiveness is evaluated. Black & Veatch (B&V), General
Electric (GE), suppliers, and contractors are required to have a
corrective action system in their respective QA programs. PSO QA
verifies proper implementation of these corrective action systems
through audits.

B. Performing QA/QC Functions at Construction Site

NRC Acceptance Criterion 2B1

The person at the construction site responsible for directing and
managing the site QA program is identified by position. He reports
to the offsite QA organization and has appropriate organizational
position, responsibilities and authority to exercise proper control

{~s over the QA program. This individual is free from non-QA duties
and can thus give full attention to assuring that the QA program ats-

the plant site is being effectively implemented.

PSO Response to Criterion 231

The Manager, Quality Assurance is responsible for directing and
managing the BFS QA Program. He is located at the construction
site and reports off site to the Vice-President of Power
Generation. He is free of any non-QA duties and is responsible for
developing and verifying implementation of the BFS Quality
Assurance Program. He has the authority and organizational freedom
to identify problems, recommend or provide solutions, and verify
implementation of solutions. He has written aitthority to prevent
the continuation of activities which are detrimental to the quality
of the plant. The Superintendent, QC is located at the
construction site and is responsible for verifying that
contractors' QC organizations are performing their functions and
that installation activi ties are done in accordance with
specifications. The Superintendent, QC also has sritten authority
to prevent the continuation of activities detrimental to the
quality of the plant. He has access to the Managet, BFS Nuclear
Project to resolve conflicts affecting quality which cannot be
resolved at lover management levels.

NRC Acceptance Criterion 2B2
,_

\~# Designated QA individuals are involved in day-to-day plant
activities important to safety (i.e., the QA organization routinely
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attends and participates in daily plant work schedule and status
meetings to assure they are kept abreast of day-to-day work
assignments throughout the plant and that there is adequate QA
coverage relative to procedural and inspection controls, acceptance
criteria, and QA staffing and qualification of personnel to carry
out QA assign =ents).

PSO Response to Criterion 2B2

PS0 QA and QC personnel are involved in day-to-day plant activities
important to safety a: 4 are kept abreast of work schedule and
construction activities by routinely attending construction status
meetings. With information obtained at these meetings PSO QA and
QC personnel ensure adequate coverage relative to procedural and
inspection controls, acceptance criteria, and QA and QC staffing
and qualification of personnel to carry out QA and QC assignments.

C. QA Review and Concurrence of Quality Related Procedures

NRC Acceptance Criterion 2C1

Provisions are established to assure that quality-affecting
procedures required to implement the QA program are consistent with
QA program commitments and corporate policies and are properly g
documented, controlled, and made mandatory through a policy
statement or equivalent document signed by the responsible
official.

PSO Response to Criterion 2C1

Procedures are written to implement the policies in the QA Policy
Manual and the ccomitments in Chapter 17 of the PSAR. Procedures
are reviewed by QA personnel to assure that they adequately address
PS0 policies and QA program commitments and to assure consistency.
PSO QA reviews and approves all quality-affecting procedures. Each
procedure manual contains a policy statement signed by the
Eresident of PS0 which makes implementation of the procedures
mandatory.

NRC Acceptance Criterion 2C2

The QA organization reviews and documents concurrence with these
quality-related procedures.

PS0 Response to Criterion 2C2

The PS0 QA organization reviews and documents approval of each
cuality-related proced~re.

O
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NRC Acceptance Criterion 2C3

Procedures are established for the review of procurement documents
to determine that quality requirements are correctly stated,
inspectable, and controllable; there are adequate acceptance and
rejection criteria; and procurement documents have been prepared,
reviewed, and approved in accordance with QA program requirements.
To the extent necessary, procurement documents should require
contractors and subcontractors to provide an acceptable quality
assurance program. The review and documented concurrence of the
adequacy of quality requirements stated in procurement documents is
performed by QA personnel.

PSO Response to Criterion 2C3

Procedures are established for the review of procurement documents
by PSO QA to determine that quality requirements are correctly
stated, inspectable, and controllable and that appropriate
acceptance and rejection criteria are included. PSO QA verifies
that procurement documents have been prepared, reviewed, and
approved in accordance with QA program requirements. Procurement
documents, to the extent necessary, require contractors to provide

(s) an acceptable QA program and to pass this requirement on to their
subcontractors. The PSO QA organization reviews and documents that
bid specifications, bid proposals and procurement documents contain
adequate quality requirements.

NRC Acceptance Criterion 2C4

drocedures for the review, approval, and issuance of documents and
changes thereto are established and described to assure technical
adequacy and inclusion of appropriate qualicy requirements prior to
implementation. The QA organization reviews and documents
concurrences with these documents with regards to QA-related
aspects.

PS0 Response to Criterion 2C4

Procedures have been established to control the review, approval,
and issuance of docurests and changes theteto. PSO Engineering
reviews the documents as a surveillance and monitoring function for
assuring technical ad; jacy. PS0 QA personnel review the documents
to verify inclusion of appropriate quality requirements and to
assure that the documents have been reviewed and approved in
accordance with established procedures prior to implementation. 19

NRC Acceptance Criterion 2C5

Inspection procedures, instructions, or checklists provide for the*'

following as reviewed and concurred with by the QA organizatian for
QA aspects and other technical organizations, as appropriate:
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a. Identification of characteristics and activities to be

inspected.

b. A description of the method of inspection.

c. Identification of the individuals or groups responsible for
performing the inspection operation in accordance with the
provisions of Item 1081.

d. Acceptance and rejection criteria.

e. Identification of required procedures, drawings, and
specifications and revisions.

f. Recording inspector or data recorder and the results of the
inspection operation.

g. Specifying necessary measuring and test equipment including
accuracy.

PS0 Response to Criterion 2C5

Procurement documents require suppliers and site contractors to g
have inspection procedures, instructions, or checklists and submit
these for review and concurrence. For suppliers this submittal is
to B&V. For site contractors this submittal is to PSO for a

technical and a QA review. PS0 QA conducts audits and surveillance
to verify the procedures, instructions, or checklists have been
reviewed and concurred with by the appropriate organization. The
procurement documents contain requirements, as appropriate, for:

a. Identificatioa of characteristics and activities to be
inspected,

b. A description of the method of inspection.

c. Identification of the individuals or groups responsible for
performing the inspection operation in accordance with the
provisions of Item 1031.

d. Acceptance and rejection criteria.

e. Identification of required procedures, drawings, and
specif'c n ;cns and revisions,

f. Recording 123pector or data recorder and the results of the
inspection cperation.

g, 1pecf'7 7g ecessary measuring and test equip.ent including ||h4

' C CL C 31*f .
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NRC Acceptance Criterion 2C6

Test procedures or instructions provide for the following as
reviewed and concurred with by the QA organization for QA aspects
and by other technical organizations for technical aspects.

a. The requirements and acceptance limits contained in applicable
design and procurement' documents.

b. Instruction for performing the test.

c. Test prerequisites such as calibrated instrumentation,
adequate test equipment and instrumentation including their
accuracy requirements, completeness of item to be tested,
suitable and controlled environmental conditions, and
provisions for data collection and storage,

d. Mandatory inspection hold points for witness by owner,
contractor, or inspector (as required).

e. Acceptance and rejection criteria,

f. Methods of documenting or recording test data and results.

g. Provisions for assuring test prerequisites have been met.
;

,

PSO Response to Criterion 2C6

Procurement documents require suppliers and site contractors to
have test procedures or instructions and submit these for review
and concurrence. For suppliers this submittal is to B&V. For site

contractors this submittal is to PS0 for a technical and a QA
review. This review will verify that the procedures or
instructions address the following:

a. The requirements and acceptance limits contained in applicable
design and procurement documents,

b. Instruction for performing the test.

c. . Test prerequisites such as calibrated instrumentation,
adequate test equipment and instrumentation including their
accuracy requirements, completeness of item to be tested,
suitable and controlled environmental conditions, and
provisions for data collection and storage.

d. Mandatory inspection hold points for witness by owner,() contractor, or inspector (as required) .

e. Acceptance and rejection criteria.

|
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f. Methods of documentinglor recording test data and results.

g. Provisions for assuring test prerequisites have been met.

NRC Acceptance Criterion 2C7

Procedures are established and described for calibration (technique
and frequency), maintenance, and control of measuring and test
equipment (instruments, tools, gauges, fixtures, reference and
transfer standards, and non-destructive test equipment) that is
used in the measurement, inspection, and monitoring of structures,
systems, and components. The review and documented concurrence of
these procedures is described and the organization responsible for
these functions is identified.

PSO Response to Criterion 2C7

Suppliers and site contractors are required by procurement
documents to have procedures for calibration, maintenance, and
control af measuring and test equipment; including fixtures.
reference standards, and non-destructive tasting equipment. PSO QA
will audit suppliers, site contractors, and calibration service
suppliers to verify implementation of calibration procedures.

NRC Acceptance Criterion 2C8

Procedures are established and described to control the cleaning,
handling, storage, packaging, and shipping of materials,
components, and systems in accordance with design and procurement
requirements to preclude damage, loss, or deterioration by
environmental conditions such as temperature or humidity. The QA
organization reviews and documents concurrence of these procedures.

PS0 Resnonse to Criterion 2C8

Suppliets will be required to have procedures for cleaning,
handling, storage, packaging, and shipping of material and
equipment in accordance with criteria specified in procurement i

documents. These procedures are required to be submitted to B&V,
GE, or P50 for concurrence. Cleaning, handling, and storage
procedures for use en the site will be developed by BFS Engineering
based on procurement specifications and the suppliers'
specifications and instructions, and PSO QA will review and
document concurrence of these procedures.

NRC Acceptance Criterion 2C9

Procedures are established to indicate the inspection, test, and
operating status of structures, systems, and components throughout g
fabrication, installation, and test. The QA orgariaation reviews
and documents concurrence with these procedutes.
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PSO Response to Criterion 2C9

PSO QA reviews and approves suppliers' QA programs, which require
procedures to indicate inspectice, test and operating status of
structures, systems, and components throughout fabrication. PSO QA
performs audits and surveillance of suppliers to verify compliance.

P50 QA reviews and approves site contractors' QA programs, which
require procedures to indicate inspection, test and operating
status of structures, systems and components throughout
installation and test. These procedures are reviewed and approved
by PSO QA.

NRC Acceptance Criterion 2C10

Procedures are established and described to control the application
and removal of inspection and welding stamps and status indicators
such as tags, markings, labels, and stamps. The QA organization
reviews and documents concurrence with these procedures.

PSO Response to Criterion 2C10,

( The PSO QA program has procedures which describe methods to control
the application and removal of status indicators, such as tags,
markings, labels and stamps. Site contractors will be required to
use the PSO tagging system. Tags applied by the PSO QC
organization can be removed only by PSO QC. The use of welder
identification stamps will be controlled by each contractor in
accordance with precedures or plans approved by PS0 QA.

NRC Acceptance Criterion 2C11

Procedures are established and described to control altering the
sequence of required tests, inspections, and other operations
important to safety. Such actions should be subject to the same

,

t controls as the original review and approval. The QA organization
reviews and documents concurrence with these procedures.

PSO Response to Criterion 2C11

The PSO QA organization reviews and approves suppliers' and
contractors' QA manuals. Part of the review is to verify that
changes to inspection and test procedures or specifications are
reviewed and approved by the same organization that approved the
original document. PS0 QA reviews inspection plans, and results
during surveillance, and audits to verify proper implementation.

O
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NRC Acceptance Criterion 2C12

Procedures are established and described for identification,
documentation, segregation, review, disposition, and notification
to affected organizations of nonconforming materials, parts,
components and as applicable to services (including computer codes)
if disposition is other than to scrap. The procedures provida
identification of authorized individuals for independent review of
nonconformances, including disposition and closeout.

NRC Acceptance Criterion 2C13

QA and other organizational responsibilities are described for the
definition and implementation of activities related to
nonconformance control. This includes identifying those
individuals or groups with authority for the disposition of
nonconforming items and involvement of the QA organization in
documenting concurrence to the disposition, satisf actory completion
of the disposition, and corrective action.

PSO Response to Criteria 2C12 and 2C13

PSO procurement documents require suppliers and site contractors to j|g
have established procedures to control the identification,
documentation, segregation, review, disposition and notification of
nonconforming items. Suppliers and site contractors will be
required to document nonconformances which provide identification
of individuals who initiate, provide disposition, approve, and
close-out the nonconfor=ance.

For site contractors PS0 QA will approve the disposition of all
nonconformances affecting safety-related equipment and other
equipment deemed important to safety. !bnconfor=ances on items
which are dispositioned use-as-is or repair also require approval
of the responsible designer of the item. Verification of close-out
of nonconfor=ances is done by PSO QC personnel and tha final closed
out report is sent to PSO QA for verification that it meets QA
record requirements.

Of f-site suppliers are required to have a system for the control of
nonconformances as part of their QA program which is approved by
PSO QA. Nonconformances on items which are dispositioned use-as-is
or repair require approval by B&V and by PSO QA. Implecentation of '

nonconfornance control procedures will be verified through
surveillance and audits by PSO QA.

NRC Acceptance Criterion 2C14

Procedures are established and described indicating an effective ||h
corrective action program has been established. The QA
organization reviews and docacer.ts concurrence with the procedures.
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PSO Response to Criterion 2C14

PSO QA is responsible for the development and implementation of a
corrective action program. Procedures have been established by PSO
QA which provide for identification of QA program deviations,

|
recommended corrective action, proposed disposition and
verification of close-out. These procedures provide for corrective
action to prevent recurrence. PS0 requires suppliers and>

contractors to have a corrective action program and verifies
compliance by audit.

,

D. Criterion for Requirements for Specific Classes of Equipment

'

NRC Acceptance Criterion 2D1

The QA organization and the necessary technical organizations
participate early in the QA program definition stage to determine
and identify the extent QA controls are to be applied to specific
structures, systems, and components. This effort involves applying
a defined graded approach to certain structures, systems, and
components in accordance with their importance to safety and
affects such disciplines as design, procurement, document control,

O-
,

,

inspection tests, special processes, records, audits and other
described in 10 CFR 50 Appendix B.

I
'

PSO Response to Criterion 2D1

The PSO QA program includes provisions to assure that the PSO QA
organization and the necessary BFS technical organizations
participate early in the QA program definition stage to datermine
and identify the extent QA controls are to be applied to specific
structures, systems, and components. This effort involves applying
a defined graded approach to certain structures, systems, and '

components in accordance with their importance to safety and
affects such disciplines as design, procurement, document control,
inspection tests, special processes, records, audits and others;

' described in 10 CFR 50 Appendix B.

NRC Acceptance Criterion 2D2,

For commericial "off-the-shelf" items where specific quality
; assurance controls appropriate for nuclear applications cannot be

imposed in a practicable manner, special quality verification
requirements shall be established and described to provide the

i necessary acsurance of an acceptable item by the perchaser.

PSO Response to Criterion 2D2 <

O For commercial "off-the-shelf" items where specific quality
assurance centrols appropriate for nuclear applications cannot be
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i= posed in a practicable manner, special quality verification
requirements shall be established and described to provide
assurance of acceptability of the item by PS0 QA. Factors which
will be considered in approving a supplier are an acceptable QA
program, approval by the Coordinating Agency for Supplier
Evaluation (CASE), a pre-award survey, or prior history. The
"of f-the-shelf" items will be receipt inspected as described in
2A4.

NRC Acceptance Criterion 2D3

The scope of the inspection program is described that indicates an
effective inspection program has been established. Program
procedures provide criteria for determining the accuracy
requirements of inspection equ:'.pment and criteria for determining
when inspections are required or define how and when irspections
are perfor=ed. The QA organization participates in the above
functions.

PSO Response to Criterion 2D3

PS0 QA reviews and approves suppliers' and site contractors' QA
progmms. These programs are required to have procedures which h
provide criteria for determining the accuracy requirements of
inspection equipment and criteria for determining when inspections
are required or to define how and when inspections are performed.
PS0 QA perfor=s audits and surveillance to verify compliance by
suppliers. PS0 QA audits and PS0 QC performs surveillance of site
contractors to assure compliance.

NRC Acceptance Criterion 2D4

Procedures are established and described with the involvement of
the QA organization to identify, in pertinent documents, mandatory
inspection hold points beyond whien work =af not proceed until
inspected by a denignated inspector.

PSO Response to Criterion 2D4

PS0 QA reviews and approves the suppliers' and site contractore' QA
program which will establish and describe the involvement of their
QA organization to identify mandatory inspection hold points beyond
which wrk may not proceed until inspected by a designated
inspector. PS0 QA shall audit the suppliers and site contractors
for compliance.

NRC Acceptance Criterion 2D5

The description of the scope of the test control program indicates
an effective test program has been established for tests including

232 19-111381



.. ._ ._ - _ _

2

( PSO RESPONSE: 10 CFR 50.34(ei(3)(iii)

proof tests prior to installation and preoperational tests.
Program procedures provide criteria for determining the accuracy
requirements of test equipment and criteria for determining when a
test is required or how and when testing activities are performed.

PSO Responsa to Criterion 2DS

i

Test procedures are prepared by the responsible organization and,

reviewed by QA as specified in paragraph 2C6. Proof tests prior to
installation are delineated in procurement documents and will be
performed by contractors. Proof tests on all safety-related
systems and on systems important to safety are designated as'

,

mandatory hold points and will be witnessed by QC personnel.
QA will review the results of the proof tests prior to acceptance
of the item for preoperational te. sting. Preparation, review and
approval of preoperational tests are coordinated by the Test
Working Group which determines 1.ce, when and by whom testing-

activities are performed. The requirement for testing and the
accuracy requirements for test equipment will be provided in test
procedures approved by the Test Working Group.

NRC Acceptance Criterion 2D6

O
Audit data are analyzed by the QA organization and the resulting
reports indicating any quality problems and the ef fectiveness of
the QA program, including the need for reaudit of deficient areas,

,

; ure reported to management for review and assessment.

PSO Response to Criterion 2D6

Au/.its are conducted and the results analyzed by the PSO QA
ccganization. Audit reports indicate any quality problems and the
effectiveness of the QA program. Reaudits of deficient areas are
conducted as necessary. Audit reports are provided to management
for review and assessment.

E. Qualification Requirements for QA and QC Personnel

NRC Acceptance Criterion 2E1

Indoctrination, training, and qualification programs are
established such that:

a. Personnel restens_ble for performing quality-affecting>

activities are instructed as to the purpose, scope, and
implementation of the quality-related manuals, instructions,
and procedures,

b. Personnel verifying activities affecting quality are trained
and qualified in the principles, techniques, and requirements
of the activity being performed.
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c. For formal training and qualification programs, documentation
includes the objective, content of the program, attendees, and
date of attendance.

d. Proficiency tests are given to those personnel performing and
verifying activities affecting quality, and acceptance criteria
are developed to determine if individuals are properly trained
and qualified.

e. Certificates of qualifications clearly delineates (a) the
specific functions personnel are qualified to perform and (b)
the criteria used to qualify personnel in each function.

f. Proficiency of personnel performir.g and verifying activities
affecting quality is maintained by retraining, reexamining,
and/or recertifying as determined by management or program
c ommi tmen t.

g. The description of the training program provisions listed
above satisfies the regulatory position in Regulatory Guide
1.58, Rev. 1.

PSO Response to Criterion 2E1

O
The PS0 QA program includes provisions for the establishment of an
indoctrination, training, and qualification program to assure the
following:

a. Personnel responsible for performing activities affecting
quality are indoctrinated in the purpose, scope, and
implementation of instructions and procedures they use to
accomplish these activities.

b. Personnel who perform audits, source surveillance, site
contractor surveillance, receipt inspection and other
verification activities are trained and qualified in the
principles, techniques, and requirements of the activity bein;
perfo rmed.

c. PSO has established a nuclear training organization who
assures that formal training and qualification documentation
includes the objective, content, attendees, and date of
attendance.

d. Proficiency tests to evaluate initial capability will be given
to lead auditors in accordance with Reg. Guide 1.146 and to QC
inspection personnel in accordance with Reg. Guide 1.58, Rev.
1. The initial capability of personnel who witness inspections
or tests (source surveillance) will be determined by an &
acaluation of their education, experience, and training, and bv W
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test results or capability demonstration as provided in ANSI
W4 5. 2. 6 Certification procedures include acceptance criteria
for qualification or reference applicable codes and standards
which state the criteria.

e. Certificates of qualification will state what activities the
individual is qualified to perform and the basis used for the
qualification. PS0 QA will issue the certifications for PSO
Quality Assurance and Quality Control personnel.

f. Proficiency of personnel performing and verifying activities
affecting quality is maintained by retraining, reexamining,
and/or recertifying. The method used is delineated in training
procedures.

g. The training program will comply with the requirements in AN3I
N45.2.6 as amended or clarified by Reg. Guide 1.58, Rev. 1.

Those contractors which are responsible for performing
quality-af fecting activities will be required to have a training
program. PS0 QA will verify this through audits or surveillance.

(O_) NRC Acceptance Criterion 2E2

A qualification program for inspectors (including NDT personnel) is
established under direction of the QA organization and documented,
and the qualifications and certifications of inspectors are kept
current.

PSO Response to Criterien 2E2

| A qualificacion program for ESO QC inspection personnel has been
established and approved by PS0 QA. Each individual certification
is reviewed and approved by PS0 QA to verify compliance with ANSI
N.45.2.6 and applicable regulatory guides. PS0 QA performs
periodic audits to assure that training and qualification files are
kept current. The PSO QA organization tests and certifies NDT

,

personnel in accordance with the American Society for
Nondestructive Testing, Recommend Practice No. SNT-TC-1A.

F. Sizing of QA Staff

NRC Acceptance. Criterf an 2F1

Organization charts identify the ''onsite" and "offsite"
organizational elements wSich function under the cognizance of the
QA program (such as des 19,n engineering, porcurement, manufacturing,

(_) construction, inspection, test, instrumentation and control,
nuclear enigneering, etc.), the liner of responsibility, and a
description of the criteria for determining the size of the QA
organization including the inspection staff.
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PSO Response to Criterion 2F1

Organ'1zation charts (PSAR, Chapter 17) identify the offsite and
onsite organizations which function under the cognizance of the QA
program and illustrate the lines of functional and administrative
reporting. The staffing levels of the PSO QA and OC organizations
were determined by listing activities to be performed; such as
audits, surveillance, procedure reviews, and inspections, and
assigning an estimated duration time and manpower needed for each
ac t ivity. The manpower requirement per activity was based on
experience and is periodically updated based on actual time it took
to accomplish specified activities.

NRC Acceptance Criterion 2F2

The QA organization is involved in establishing long range project
work schedules and staffing of QA and QC personnel and evaluates
these periodically 'i.e., monthly) to assure they are valid or if
necessary, codify staffing level.

PSO Response to Criterion 2F2

In conjunction with manpower estimates, the PSO QA organization
maintains long range schedules based on BFS Project schedules to (|g
determine when personnel are needed and what type of QA expertise
is needed. These schedules are re-evaluated periodically depending
upon Project requirements. The PSO QC organization's
work activities and long range schedules will be reviewed by
PSO OA during surveillance and audits to assess adequacy of
staffing level.

G. Procedures for Maintenance of "As-Built" Documentation

NRC Acceptance Criterion 2G1

The scope of the document control program is described, and the
types of controlled documents are identified. As a minimum,
controlled documents include as-built documents.

NRC Acceptance Criterion 2G2

Procedures are established and described to provide for the
preparation of as-built drawings and related documentation in a
timely manner to accurately reflect the actual plant design.

PSO Response to Criteria 2G1 and 2G2

The PSO QA program and procedures describe the scope of the
document control program and includes "as-built" drawings.
Procedures have been established to assure provision for the
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PSO RESPONSE: 10 CFR 50.34(e)(3)(iii),

preparation of as-built drawings and related doucmentation in a
timely manner to accurately reflect *he actual plant design.. 4

H. QA Role ir. Design and Analysis A:stiet t ias

'

NRC Acceptance Criterion 2H1

Procedures are established and describen zuquiring a documented
check to verify the dimensional accuracy and completeness of design
drawings and specifications.

PSO Response to Criterion 2H1

Design organizations for BFS (GE and B&V) have procedures in
accordance with the PSO QA program which requires a documented
check of drawings to verify that dimensions are accurate and that
the drawing is complete and meets drafting standards. These
requirements are established for other design organizations through
procurement documents.

NRC Acceptance Criterion 2H2

() Procedures are established and described requiring that design
drawings and specifications be reviewed by the QA organization or
other individuals knowledgeable and qualified in QA/QC techniques
to assure that the documents are prepared, reviewed, and approved
in accordance with company procedures and that the documents
contain the necessaryquality assurance requirements such as
inspection and test requirements, acceptance requirements, and the
extent of documenting inspection and test results.

|
PSO Responaa to Criterion 2H2

Procedures in B&V's QA Program, which have been approved by PS0 QA,
require that specifications and associated drawings be reviewed by
B&V QA to assure that they are prepared, reviewed and approved in
accordance with B&V procedures. B&V QA personnel also do a

8
j documented review to assure that inspection and test requirements,

accept / reject criteria, und dceumentation requirements are
included. PS0 QA reviews procurement documents submitted by B&V to
verify that access requirements, accept /roject criteria,
appropriate witness and hold points, QA records, and other QA
requirements are specified. GE has the responsibility of designing
and procuring the Nuclear Steam Supply System for BFS in accordance
with their Qe_ program which has been approved by PS0 QA.

/

.

|
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Attrehmtnt

(3) (iii) DEVELOP MORE DETAILED QA CRITERIA
Proposed Quality Assurance Guidance to-

,

Satisfy NUREG-0718'and Proposed Rule

As a result of NUREG-0718, " Licensing RequiremNts for Pending Applications for Con-
struction Permits and Manufacturing Licenses," and the proposed rule associated with
this NUREG, additional QA requirements were identified for pending construction per-
mits and manufacturing license applications to address in their docketed Quality
Assurtnce (QA) program description. In this regard, the QAB has developed the fol-
lowing guidance to detemine the acceptabili'ty of the improved QA program. ,

1. Proposed Ensure that the quality assurance (QA) list required by Cri-
Rule (3)ii terion II, App. B,10 CFR Part 50 includes all structures,

systems, and components important to safety. (I.F.1)'

Acceptance The scope of the QA program includes:
Guidance:

la ' A comitment that activities affecting structures, systems,
,

j (2A1)* and components important to safety will be subject to the ap-
plicable controls of the QA program and meet Regulatory Guide

"1.29 and 10 CFR 50 Appendix A.1

"

.;

lb A description of' the management plan for determining and iden-
(-) tifying those structures, systems, and components that meet

Regulatory Guide 1.29 and 10 CFR 50 Appendix A and fall under
O* the control of the docketed QA program description. ,

lc The identification of structures, systems, and components and
(-) related .consumables covered by the QA program and controlled

; eeasures identifying authorized personnel to approve changes
to this list and describing methods controlling its distribu-
tion.

2. Proposed Establish a quality assurance (QA) program based on considera-
Rule (3)iii tion of:

;

(A) ensuring independence of the organization performing check-
ing functions from the organization responsible for per-
forming the functions;

i

Acceptance The QA progro includes:
Guidance:

2Al Verification of conformance to established requirements is
;

(1B2) accomplished by individuals or groups within the QA organi-'

zation who do not have direct responsibility for perform-
ing the work being verified. Rationale and justification

must be provided if perfomed by other than the QA organi-
zation.

O 2A2 The QA orgenizetienei responsibinties for inspect 4en are
(1081) described. Individuals performing inspections report to

tne QA organization.

* These numbers in parentheses correlate with the numbers in the prooosed Rev. 2 to
SRP. Sec: ion 17.1. . _ _. _ _ .238 _ _ _ . _. _ . J -ggggs t _ _ _. _._- - - _ _ _ _ _ _ _



O
2A3 Verification of suppliers' activities during fabrication,
(7A2) inspection, testing, and shipment of materials, equip-

ment, and components is planned and perfomed with QA
organization participation in accordance with written
procedures to assure conformance to the purchase order
requirements . These procedures, as applicable to the
method of procurement, provide for:

.

a. Specifying the characteristics or processes to be
witnessed, inspected, or verified, and accepted;
the method of surveillance and the extent of docu-
mentation required; and those responsible for imple-
menting these pmcedures.

b. Audits, surveillance, or inspections which assure
that the supplier complies with the quality require-
men ts .

2A4 Receiving inspection .is perfomed by the QA organization
(7B1) to assure:

a. The material, component, or equipment is properly
identified and corresponds to the identification on
the purchase document and the receiving documentation.

O
b. Material, components, equipment, and acceptance re-

cords satisfy the inspection instructions prior to
installation or use.

Specified inspection, test and other records, (suchc.
as certificates of conformance attesting that the
material, components, and equipment conform to spe-
cified requirements) are available at the nuclear
power plant prior to installation or use.

2A5 Correct identification of material, parts, and components
(883) is verified and documented by the QA organization prior to

release for fabrication, assembling, shipping, and instal-
l a tion .

2A6 procedures are established for recording evidence of accep-
(9B2) table accomplishment of special processes using qualified

procedures, equipment, and personnel. The QA organization
verifies the recorded evidence and documents the result.

2A7 Inspection and test results are documented, evaluated, and
(10C3) their acceptability detsmined by a responsible individual
(llCl) or group. The OA organization as a minimum evaluates,

verifies, and documents completeness of this activity.

2A8 Followup action is taken by the QA organization to verify
(16.3) proper implementation of corrective action and to close out -

the corrective action in a timely manner.
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Froposed ( B) performing the entire quality assurance / quality control
Rule (3)iii function at construction sites;

Acceptance The QA program provides provisions to assure that:
Guidance:

2B1 The person at the construction site responsible for direct-
(1C3) ing and managing the site QA program is identified by posi-

tion. He reports to the offsite QA organization and has
appropriate organizational position, responsibilities, and
authority to exercise proper control over the QA program.
This individual is free from non-QA duties and can thus
give full attention to assuring that the QA program at the
plant site is being effectively implemented.

23 2 Designated QA individuals are involved in day-to-day plant '
(1B6) activities important to safety (i.e., the QA organization

routinely attends and participates in daily plant work
schedule and status meetings to assure they are kept abrast
of day-to-day work assignments throughout the plant and that
there is adeauate OA coverage relative to procedural and
inspection controls, acceptance criteria, and QA staffing

Q and qualification of personnel to carry out QA assignments).
V

Proposed (C) including QA personnel in (the review and concurrence) of
Rule (3)iii quality-related procedures (and documents) associated

with design, construction, and installation;

Acceptance The QA program includes:
Guidance:

2Cl Provisions are established to assure that quality-affecting
(2Bla) procedures required to implement the QA program are consis-

tent with QA program comitments and corporate policies and
are properly documented, controlled, and made mandatory
through a policy statement or equivalent document signed
by the responsible official.

2C2 The QA orcanization reviews and documents concurrence with
(231b) these quality-related procedures.

2C3 Procedures are established for the review of procorement

(4Al) documents to deter:nine that quality requirements are cor-
rectly stated, inspectable, and controllable; there are
adequate acceptance and rejection criteria; and procurement
documents have been prepared, reviewed, and approved in
accordance with QA program requirements. To the extent

O. aecessary procuremeat documeats shou'd resuire coatractors
and subcentractors to provide an acceptable quality assur-
ance program. The review and documented concurrence of the
acequacy of quality requirements stated in procurement docu--
ments is perfor:ned by QA per:onnel .
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2C4 Procedures for the review, approval, and issuance of docu-
(6A2) ments and changes thereto are established and described

to assure technical adequacy and inclusion of appropriate
quality requirements prior to implementation. The QA or-
ganization reviews and documents concurrences with these
documents with regards to QA-related aspects.

2C5 Inspection procedures, instructions, or checklists provide
(10Cl) for the following as reviewed and concurred with by the QA

organization for QA aspects and other technical organizations,
as appropriate:

a. Identification of characteristics and activities to,

be inspected.
,

b. A description of the method of inspection.

c. Identification of the individuals or groups responsible
for performing the inspection operation in accordance
with the provisions of item 1081.

d. Acceptance and rejection criteria.

e. Identification of required procedures, drawings, and asoecifications Ond re visions. W

f. Recording inspector or data recorder and the results
of the inspection operation.

g. Specifying necessary measuring and test equipment
including accuracy requirements.

2C5 Test procedures or instructions provide for tne following
(1181) as reviewed and concurred with by the QA organization for

QA aspects and by other technical organizations for techni-i
'

cal aspects:

a. The requirements and acceptance limits contained in
applicable design and procurement documents.

b. Instructions for perfoming the test.

c. Test prerequisites such ca calibrated instrumentation,
adequate test equipment and instr umentation ir.cluding
their accuracy requiremena, completeness of item to
be tested, suitable and controlled environment 31 con-

ditions, and provisions for data collec: ion and storage,

d. Mandatory inspection hold points for witness by owner, gcontractor, or inspector (as required).
'

e. Acceptance and rejection criteria.
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f. Methods of documenting or recording test data and
resul ts.

g. Provisions for assuring test prerequisites have been,

met.

2C7 Procedures are established and described for calibration
(12.3) (technique. and frequency), maintenance, and control of- the

measuring and test equipment (instruments, tools, gages, .

fixtures, reference and transfer standards, and nondestruc-
tive test equipment) that is used in the measurement, in-
spection, and monitorinc of structures, systems, and compo-
nen ts. The review and documented concurrence of these pro-
cedures is described and the organization responsible for<

'

these functions is identified.

2C8 Procedures are established and described to control the
(13.2) cleaning, handling, storage, packaging, and shipping of

materials, components, and systems in accordance with de-
sign and procurement requirements to preclude damage, loss,
or deterioration by environmental conditions such as tem-
perature or humidity. The QA organization reviews and docu-
ments concurrence of these procedures.

'

2C9 Procedures are established to indicate the inspection, test,
(14.1) and operating status of structures, systems, and componentsi

(14.4) throughout fabrication, installation, and test. The QA or-'

ganization reviews and documents concurrence with these pro-
cedures.

! 2C10 Procedures are established and described to control the appli-
i (14.2) cation and removal of inspection and welding stamps and status
; (14.4) indicators such as tags, markings, labels, and stamps. The

QA organization reviews and documents concurrence with these
!

procedures.

2C11 Procedures are established and described to control alter-
| (14.3) ing the sequence of required tests, inspections, and other
'

(14.4) operations important to safety. Such actions should be sub-
! ject to the same controls as the original review and approval.
| The QA organization reviews and documents concurrence with

these procedures.'

! 2Cl2 Procedures are established and described for identification.
(15.1) documentation, segregation, review, disposition, and notifi-

cation to affected organizations of nonconforming materials,
parts, components and as applicable to services (including :

O computer ecdes) if disposition is other than to scrao. The
procedures provice identification of authorized individuals
for indepedent redew of nonconfomances, including dispo-
sitior, and clo:e ut. -
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2Cl3 QA and other organizational responsibilities are described
(15.2) for the definition and implementation of activities related

to nonconformance control. This includes identifying those
individuals or groups with authority for the disposition of
nonconforming items and involvement of the QA organization
in documenting concurrence to the disposition, satisfactory

' completion of the disposition, and corrective action.

2 Cl4 P;ocedures are established and described indicating an effec-,

(16.1) tive corrective action program has been established. The
QA organization reviews and documents concurrence with the
procedures.

Proposed ( D) establishing criteria for determining QA requirements for
Rule (3)iii specific classes of equipment;

Acceptance The QA program provides provisions to assure that:
Guidance:

2 01 The QA organization and the necessary technical organiza-
(233) tions participate early in the QA program definition stage

to detemine and identify the extent QA controls are to bei

I applied to specific structures, systems, and components.
Thi.* effort involves applying a defined graded approach to
cer:ain structures, systems, and components in accordance h
with their importance to safety and affects such disciplines
s design, procurement, document control, inspection ; tests,

| special processes, records, audits and others described in
.10 CFR 50 Appendix B.

2D2 For contercial "off-the-shelf" items where specific quality
( 73 4) assurance controls appropriate for nuclear applications can-

not be imposed in a practicable manner, special quality veri-
fication requirements shall be established and described to
provide the necessary assurance of an acceptable item by the
purchaser.

203 The secpe of the inspection program is described that indi-
,

(10A) cates an effective inspection program has been established.
Program procedures provide criteria for detemining the
accuracy requirements of inspection equipment and criteria
for detemining when inspections are required or cefine how
and when inspections are performed. The QA organization
participates in the above functions.

2D4
-

Procedures are established and described with the involve-
(10C2) ment of the QA organization to identify, in pertinent docu-

ments, mandatory inspection hold points beyond which work
may not proceed until inspected by a designated inspector. g

205 The description of the scope of the test control program
(llAl) indicates an effective test program has been established
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for tests including proof tests prior to installation ani!
preoperational tests. Program procedures provide criteria
for detemining the accuracy requirements of test equip-
ment and criteria for determining when a test is required
or how and when testing activities are performed.

2D6 Audit data are analyzed by the QA organization and the re-
(1881) sulting reports indicating any quality problems and the

effectiveness of the QA program, including the need for
reaudit of deficient areas, are reported to management for
review and assessment.

Proposed (E) establishing minimum qualification requirements for QA and
Rule (3)iii QC personnel;

Acceptance The QA program provides provisions to assure that:
Guidance: -

2El Indoctrination, training, and qualification programs are
(20) established such that:

Personne.1 responsible for perfoming quality-affectinga.

(U7
activities are instructed as to the purpose, scope,
and implementation of the quality-related manuals, in-
structions, and procedures.

.

5. Personnel verifying activities affecting quality are
trained and Qualified in the principles, techniques,
and requirements of the activity being performed.

For formal training and qualification programs, docu-c.
mentation includes the objective, content of the pro-
gram, attendees, and date of attendance,

d. Proficiency tests are given to those personnel perfom-
ing and verifying activities affecting quality, and
ecceptance criteria are developed to detemine if indi-

:

I
viduals are properly trained and qualified.

Certificate of qualifications clearly delineates (a)e.
the specific functions personnel are qualified to ,

perform and (b) the criteria used to qualify person-
nel in each function.

f. Proficiency of personnel performing and verifying acti-
vities affecting quality is maintained by retraining,
reexamining, and/or recertifying as detemined by

{) management or program commitment.

The description of the training program provisions listedg.
above satisfies the regulatory position in Regulatory ,

Guide 1.58, Rev. 1.
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2E2 A qualification program for inspectors (including NDT per-
(1032) sonnel) is established under direction of the QA organiza-

tion and documented, and the qualifications and certifica-
tions of inspectors are kept current.

Peoposed (F) sizing the QA staff commensurate with its duties, responsi-
Rule (3)iii bilities, and importance to safety.

.

Acceptance The QA program provides previsions to assure that:
Guidance:

2F1 Organization charts identify the "onsite" and "offsite" or-
(lA5) ganizational elements which function under the cognizance

of the QA program (such as design engineering, procurement,
manufacturing, construction, inspection, test, instrumenta-
tion and centrol, nucle.ar engineering, etc.), the lines of
responsibility, and a description of the criteria for de-
tennining the size of the QA organization including the
inspection staff.

2F2 The QA organization is involved in establishing long range
() projected work schedules and staffing (of QA and QC person-nel and evaluates these periodically i.e., monthly) to

assure they are valid or if necessary modify staffing level. g
Proposed (G) establishing procedures for maintenance of "as-built" docu-
Rule (3)iii mentation;

Acceptance The QA program provides provisions to assure that:
Guicance:

2G1 The scope of the document :ontrol program is described, and
(6A1) the types of controlled documents are identified. As a

minimum, controlled documents include:

As-built documents.
.

2G2 Precedures are established and described to provide for the
(6C1) creparation of as-built drawings and related documentation

in a timely manner to accurately reflect the actual plant,

design.

?roposed (H) providing a QA role in design and analysis activities.
Rule (3)iii

Acceptance The QA program provides prwisions to assure that:
Guidance:

2H1 Procedures are established and described requiring e docu- g
(3El) mented check to verify the dimensional accuracy anc comolete-

ness of design drawings and specifications.
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2H2 Procedures are established and described requiring that
(3E2) design drawings and specifications be reviewed by the QA

organization-or other individuals knowledgeable and quali-
4

fied in QA/QC techniques to assure that the documents are
,

i prepared, reviewed, and approved in accordance with company
i' procedures and that the documents contain the necessary

quality assurance requirements such as inspection and test
requirements, acceptance requirements, and the extent of:

documenting inspection and test results.
,

3. Proposed Provide a description of the management plan for design and con-
Rule (3)vii struction activities, to include: (a) the organizational and,

'

management structure singularly responsible for direction of de-
sign and construction of the proposed plant; (b) technical re-'

sources directed by the applicant; (c) details of the interaction
of design and construction within the applicant's organization
and the manner by which the applicant will ensure close integra-
tion of the architect engineer and the nuclear steam supply ven-
dor; (d) proposed procedures for handling the transition to opera-
tion; (e) the degree of top level management oversight and tech-
nical control to be exercised by the applicant during design and
construction, including the preparation and implementation of pro-

Q cedures necessary to guide the effort. (II.J.3.1)

Acceptance Fred Allenspach is primary reviewer for this item; however, QAB
Guidance: should assure that sufficient information has been provided

4
' either in Fred's section or the QA program to satisfy the fol-

lowing:
4

.

3-la The role and attitude of top management towards QA should be de-
(-) scribed including: (a) the extent of their involvement in em-

phasizing and aggressively supporting the QA program as a highly
important fundamental tool in assuririg the plant is designed and

j constructed correctly; (b) techniques in conveying the importance
'

of implementing the QA program to all. managers, supervisors, tech-
nicians, for6ien, craft personnel, and others performing quality
affecting activities and in emphasizing that the working staff
and the QA and QC organization is a team cooperative effort; (c)
the extent top management keeps informed of major problems and

4

assures timely investigations and resolution of these problems;I

and (d) the extent top management regularly meets with the QA
organization to determine the status and adequacy of the QA pro-
gram and design gnd construction activities.

3-lo Utilfty management should establish a strong discipline'QA manage-
(-) ment organization staffed with well qualified individuals knowl-

edgeable in QA/QC principles with sufficient authority and res-

O. aoasibi'ities to carry out the o^/oc r"actioas-

3-2 The responsibility for the overall program is retained and exer-
(lAl) cised by the applicant. .
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3-3 The applicant has identified and described major delegation of
(lA2) work involved in establishing and implementing the QA program

or any part thereof to other organizations.

3-4 When major portions of the applicant's program are delegated:
(lA3)

a. Applicant describes how responsibility is exercised for
the overall program. The extent of management ovarsight
should be addressed including the location, qual ca tions ,
and criteria for determining the number of cerronnel per-
fonning these functions.

b. Applicant evaluates the perfonnance (frequency and me:5od
stated - once per year although longer cycle acceptable with
other evaluations of individual elements) of work by the dele-
gated organization.

c. Qualified individual (s) or organizational element (s) are
identified within the applicant's organization as responsi-
ble for the quality of the delegated work prior to initiation
of activities.

3-5 Clear management controls and effective lines of communication
(1A4) exist for QA activities among the applicant and the principal con-

tractors to assure 'irection of the QA program. h
3-6 The applicant (and principal contractors) describes the QA respon-
(lA6) sibilities of each of the organizational elements noted on the

organi.zation charts.

3- 7 The applicant (and principal contractors) identifies a position
(1B1) that retains overall authority and responsibility for the QA pro-

gram (nonnally, this position is QA Manager) and this position
has the following characteristics:

a. Is at the same or higher organization level as the highest
line manager directly responsible for performing activities
affecting quality (such as engineering, procurement, con-
struction, and operation) and is sufficiently independent
from cost and schedule.

b. Has effective communication channels with other senior manage-
ment position %.

c. Has resr.4 - 11 ty for approval of QA Manual (s).

d. Has a i ties or responsibilities unrelated to QA
that pula pr.; cent his full attention to QA matters.

h3-8 Persons and organizations performing QA functions have direct
(193) access to mana jement levels which will assure the ability to-
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a. Identify quality problems.

b. Initiate, recommend, or provide solutions through designated
channels.

c. Verify implementation of solutions.

3-9 a. Designated QA personnel, sufficiently free from direct p es-
(184) sures for cost / schedule, have the responsibility delineated

in writing to stop unsatisfactory work and control further
processing, delivery, or installation of nonconforming material.

b. The organizational positions with stop work authority are
identi . td.

'3-10 Provisions are established for the resolution of disputes involv-
(185) ing quality, arising from a difference of opinion between QA per-

sonnel and other departnent (engineering, procurement, manufactur -
ing, etc.) personnel.

'

3-11 Policies regarding the implementation of the QA program are docu-
(ICl) mented and made mandatory. These policies are established at the

Corporate President or Vice President level.

O
3-12 Position description assures that the individual directly respon-
(IC2) sible for the definition, direction, and effectiveness of the

overall QA program has suf2icient authority tc effectivr.ly imple-
ment responsibilities. This position is to be sufficiently free
from cost and schedule responsibilities. Qualification require-
ments for this individual are established in a position descrip-
tion which includes the following pearequisites:

.

a. Management experience through assignments to responsible
positions.

b. Knowledge of QA regulations, policies , practices , and
s tanda rds .

c. Experience working in QA or related activity in reactor,

design, construction, or operation or in a similar high
technological industry.

The qualification of the QA Manager should be at least equivalent
to those described in Section 4.4.5 of ANSI /ANS-3.1-1978, "Selec-
tion and Training of Nuclear Powe'r Plant Personnel," as endorsed
by the regulatory positions in Regulatory Guide 1.8.

3-13 A brief summary of the company's corporate QA policies is given.
(2A2)

.
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i 10 CFR 50.34(e)(3)(iv) DECRADED CORE - DEDICATED CONTAINMENT PENETRATION

NRC POSITION:

(3) To satisfy the fc11owing requirement, the application shall
provide sufficient information to demonstrate that the
requirement has been met. This information is of the type
customarily required to satisfy 10CFR50.34(a)(1) or to address
the applicant's technical qualifications and management structure
and competence. (NUREG-0718, Category 5) '

(iv) Provide one or more dedicated containment penetrations,
equivalent in size to a single 3-foot diameter opening, in
order not to preclude future installation of systems to

; prevent containment failure, such as a filtered vented
'

containment system. (NUREG-0718, II.B.8(2))

PSO RESPONSE:

The NRC has indicated, by notice in the Federal Register (45 FR 193,
page 65474, October 2,1980), its intent to conduct a rulemaking
concerning measures to deal with degraded core conditions. One
measure, the installation of a filtered vented containment system, will

I be examined to determine whether significant risk reduction would
accrue from its inclusion in reactor design. The requirement for oneO or more dedicated containment penetrations (equivalent in size to a
single 3-foot diameter opening) is being imposed on construction permit
applications to avoid possible foreclosure of this system by
construction should it ultimately be determined in the NRC rulemaking
to require the installation of a filtered vented containment system.

Provisions will be made for including an additional single 3-foot
diameter penetration in the BFS design. The provisions ui:1 consist of
a capped 42 inch diameter sleeve in the containment vessel and a sealeda

48 inch diameter sleeve in the Shield Building. These sleeves will bei

oriented radially at approximately elevation 629'-0" and have ani
'

azimuth angle of approximately 125 degrees. If required, space is
available in the containment for an inboard isolation valve and in the'

Fuel Building for an outbcard isolation valve. These sleeves and the
; associated space will be dedicated for compliance with this

requirement.

i
! To assure that the containment penetration will satisfy the

establishment of an essentially leaktight barrier against the
uncontrolled release of radioactivity to the environment and to assure
that the design conditions important to safety are not exceeded for as
long as postulated accident conditions require, the design requirements
for penetrations as specified in Section 3.8 of the BFS PSAR will be
followed. The containment penetration will be designed and constructed
in accordance with the ASME Boiler and Pressure Vessel Code, 1974

. Edition, with Addenda through Summer 1976, Section III, Subsection NE,
Class MC Components, including the quality assurance requirements ofs

: Article NA-4000, tnd inspection requirements of Article NA-5000.
1
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10 CFR 50.34(e)(3)(vi) DEDICATED CONIAIRIENI PENETRATION

h1C POSITION:

(3) To satisfy the following requirement, the application shall
provide sufficieat information to demonstrate that the requirement
has been met. This information is of the type customarily
required to satisfy 10 CFR 50.34(a)(1) or to address the

'
applicant's technical qualifications and management structure and
competence. (NUREG-0718, Category 5)

(vi) For plant designs with external hydrogen recombiners,
provide redundant dedicated containment penetrations so
that, assuming a single failure, the recombiner systems can
be connected to the containment atmosphere. (NUREG-0718,
II.E.4.1)

'

rSO RESPONSE:

This requirement stems from the concern that, for plants without
hydrop n recombiners, should the need arise to connect externala

hydrogen recombiners to the containment following an accident, the
process of connecting those hydrogen recombiners not be complicated by
the potential involvement of other external systems. This requirement
does not apply to Black Fox Station since the BFS design includes fully

O redundent h d=esen rece sinere vermanent17 1ecated within the7
containment. Hence there is no need to establish a dedicated
containment penetration for operation.

t

%
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10 CFR 50.34(e)(3)(vii) ORGANIZATION AND STAFFING TO OVERSEE DESIGN
AND CONSTRUCTION

NRC POSITION:

(3) To satisfy the following requirements, the application shall
prcvide sufficient information to demonstrate that the requirement<

has been met. This information is of the type customarily
required to satisfy 10 CFR 50.34(a)(1) or to address the
applicant's technical qualifications and management structure and
competence. (NUREG-0718, Category 5)

4

i
(vii) Provide a description-of the management plan for design

and ccustruction activities, to include: (A) the
organizational and management-structure singularly
responsible for direction of design and construction of the
proposed plant; (B) technical resources directed by the
applicant; (C) details of the interaction of design and->

construction within the applicant's organization and the
manner by which the applicant will ensure close integration
of the architect engineer and the nuclear steam supply3

1- vendor; (D) proposed procedures for handling the transition
; to operation; (E) the degree of top level management

oversight and tachnical control to be exercised by the
applicant during design and construction, including the

() preparation and implementation of procedures necessary to'

guide the effort. (NUREG-0718, II.J.3.1)

PSO RESPONSE:

' INTRODUCTION

In the af termath of TMI-2, a cumber of studies and investigations,
including those of the President's Commission on Three Mile Island, the4

;
. NRC Special Inquiry Group, the NRC Staff Lessons Learned Task Force,

and the Atomic Industrial Forum, concluded that improvements were
necessary in the organization and management of activities relating
both to the operation and to the design and construction of nuclear
power plants. NRC Staff reviews have resulted in various documents,

setting forth new requirements, including NUREG's-0578, 0585, 0626,'

0660, and 0737. All of these studies and documents called fors

upgrading in certain areas of management oversight and technical
competence in nuclear activities. The application of these
requirements for better management and increased oversight to

: construction permit applicants has been incorporated in NUREG-0718 and
I in the Rule for the Near-Term Construction Permit and Manufacturing
; License.

General plans for PSO's first nuclear facility were initiated in the
early 1970's, culminating with the Black Fox Station (BFS) Project
announcement in January, 1973. Site preparation was begun under theO authority of a Limited W' rk Authorization (LWA) issued July 26, 1978,o,

by the Nuclear Regulatory Commission t ':RC) . PSO expected to have a

i

|
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full construction permit issued by the NRC in July of 1979, af ter the
closing of the public health and safety hearing record before the
Atomic Safety and Licensing Board in February,1979. However, because
of the Three Mile Island-Unit 2 (TMI-2) accident on March 28, 1979, the
NRC suspended all licensing activity while it conducted
investigations. As a result of the licensing moratorium, PS0 put the
Project into a holding status by suspending hiring, suspending or
cancelling selected contracts, and reducing existing staff. The
Project will be fully reactivated upon receipt of the construction
permits for Black Fox Station.

The following discussion sets forth PS0's response to this Requirement.

A. ORGANIZ ATION AND MANAGEMENT STRUCTURE

1. THE COMPANY AND THE PROJECT OWNERSHIP

Ownership in Black Fox Station is shared by three
participants. Public Service Company of Oklahoma (PS0), a
wholly owned subsidiary of Central and South West Corporation,
has an ownership interest of approximately 61%. Western
Farmers Electric Cooperative (Anadarko, Oklahoma) has an
ownership interest of approximately 17% and Associated Electric |||Cooperative, Inc. (Springfield, Missouri) owns approximately
22%. Pursuant to the ownership agreement among PSO, Western
Farmers Electric Cooperative, and Associated Electric
Cooperative, Inc., PSO has been designated the Project Manager
and as such exercises sole control and management of the
design, construction and operation of the plant. Western
Farmers Electric Cooperative and Associated Electric
Cooperative, Inc, conduct budget reviews and expenditure audits
for the Project from time to time. Similarly, Central and
South West's overview of PSO's activities is limited to budget
and cash flow review and construction management audits.

2. PS0 UPPER LEVEL MANAGEMENT ORGANIZATION

PS0 is headed by the Board of Directors and the President, who
is the chief executive officer cf the company. Reporting to
the President are the heads of each functional group of the
company who are:

e Executive Vice President
e Senior Vice President, Finance
e Vice President, Division Operations

Each functional group is further subdivided into divisions and
departments. The corporate functional organization as it
relates to the Black Fox Project is depicted in Figure '

( 3) (vii)- 1.
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The President has delegated broad authority for the conduct of
the Project to the Executive Vice President. Under this
general authority, the Executive Vice President establishes th 3
policies and administrative controls necessary to assure proper
design, procurement, construction, and safe operation of all
Company power plants, including 31ack Fox Staticn. Because of
the size and importa'nce of this Project to the Company, the
Executive Vice President has retained a more direct personal
involvement in the detailed execution of the functions relating
to the design, procurement, construction, and operation of the
Black Fox Station than for a fossil fueled electric generating
station. This involve.2ent is evidenced by such activities as
the monthly one-on-one meetings between the Executive Vice
President and the Manager, Quality Assurance; the participation
of the Executive Vice President as a member of BFS procurement
review boards; involvement in the periodic management review 19
meetings with General Electric and Black & Veatch; membership
on the BFS Review and Audit Commmittee; and frequent personal
contact between the Exccutive Vice President and BFS Project
managers. The Executive Vice President established the Project
management framework also shown in Figure (3)(vii)-1 in order
to carry out the management of the Project. Reporting to him

f~) are the following subordinate managers:
v

The Manager, BFS Nuclear Project, who has no responsibilities
outside the Project, is responsible to the Executive Vice
President for all design =and construction phase activities
These responsibilities include the development of capabilities
within the company to control the design and construction
phases of the Black Fox Station Project and the coordination,
scheduling and construction of BFS from inception to completion
of the facilities. The Manager, BFS Nuclear Project has the
financial and managerial authority of a company executive staff
member on the vice-presidential level. He la a regular 19

participant in the chief executive officer's staff meetings.

His responsibilities further include the requirements to
coordinate the efforts of all internal PS0 and external Project
organizations and to enforce compliance with the Black Fox
Quality Assurance Program. He administers the contract with
Black & Veatch Consulting Engineers. The Manager, Planning,
Scheduling, and Cost Control; Manager, BFS Engineering;
Manager, BFS Construction; and Manager, BFS Materiel and
Administration report to him. The Manager, BFS Nuclear Project 19
has consolidated his organization at the construction site.

The Vice President, Power Systems Engineering is responsible to
the Executive Vice President for substation, transmission, a7dO! distribution engineering for the entire PS0 system. He is
responsible for the design of the BFS Substation and the
connecting transmission network.
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The Vice President, Power Generation is responsible to the
Executive Vice President for the safe, efficient, and
economical operation of each generation facility in the PS0
system. He is responsibis for the establishment of programs to
safeguard the facilities, station personnel, and the public
while maintaining the operational capabilities of the
facilities. With respect to the Black Fox Station Project, the
Executive Vice President has delegated to him responsibility
for ensuring corporate implementation of the comprehensive BFS
Quality Assurance Program, and for representing PS0 before
regulatory agencies with respect to quality assurance and
environmental and nuclear licensing matters. The BFS Station
Manager; the Manager, Environmental and Chemistry Control; the
Manager, Quality Assurance; and the Manager, Nuclear Licensing
report to him.

The Manager, Corporate Information Resources is responsible to
the Executive Vice President for corporate records management
functions and for corporate computer support. He is also
responsible for maintaining the BFS Project document security
file.

|||The Vice President, Materiel and Property Management is
responsible to the Executive Vice President for preparation of
procurement documents, including purchase orders and contracts,
for the a'quisition of goods, services, and property for the
Company and for the BFS Project. The Manager, Nuclear Fuel,
and the Manager, Fbteriel report to him.

The Manager, Personnel Resources is responsible to the
Executive Vice President for management of all corporate
personnel functions. He provides personnel services support to
the BFS Project.

3. THE MANAGEMENT APPROACH

PSO's approach to the Black Fox Station Project differed from
that of many utilities approaching the construction of a
nuclear power station. As a result of extensive study of
nuclear construction management, PSO decided to adopt the
approach of performing its own construction management for the
Black Fox Station Project. On the basis of past experience,
PSO believed that direct utility management of construction
offered the Company an opportunity to alleviate many of the
difficulties with controlling cost, maintaining schedule, and
assuring quality. Under the system adopted, the Company acts
as its own construction manager using multiple specialty
contractors instead of dealing with a combination
architect / engineer-constructor firm or a separate large h
constructor firm. In this system, PSO also controls all
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purchasing, from the bidding process through the life of the
contract, and supervises scheduling and execution of all
contractor work.

P",0 has had excellent experience with this approach in the
past. PSO has over 60 years' experience in the construction
and operation of fossil fueled electric generating stations,
having retained independent engineers to design its generating
stations under the close supervision of Company engineers.
Thi, supervision consisted of design surveillance to assure
that the Engineer implemenced those design features proven in
operation to provide safo, reliable, and economic operation and
maintenance. This design surveillance involvement enabled PSO
to thoroughly understand new and developing technologies and to
avoid the designing-in of operational and maintenance problems.

PSO has also performed its own construction management for the
construction of fossil units. Construction management consisted
of direct on-site PS0 supervision of individually awarded
construction contracts combined with PSO purchasing of
materials througa letting of procurement packages from

, specifications prepared by the Engineer (and reviewed by PS0).
( ,') This system enabled PSO to construct fossil units on schedule
'" and at costs among the lowest in the industry. The overall

Company involvement in station design and ;onstruction for
these units resulted in constructing getarating units that
performed with a remarkable minimum of unplanned outages and in
establishing a greater level of skill in operating personnel as
a result of experience with construction of the plant.

Between 1973 and 1979 the management structure to execute the
BFS Project evolved to carry out the PS0 philosophy of direct
owner management of Project activities.

4 FUNCTIONAL CONTROLS FOR DESIGN AND CONSTRUCTION

The Manager, BFS !belear Project is responsible directly to the
Executive Vice President for the functional coordination and
control of the design and construction activities of all
internal PSO and external BFS Project participants,

a. External BFS Project Participants

Ecuipment Suppliers

1) !belear Steam Supply System Vendor

-~) The General Electric Company (GE) designs and
x_/ manufactures the nuclear steam supply system (NSSS),

nuclear fuel, and the turbine generators for the

.
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Proj ect. As the NSSS and nuclear fuel supplier, GE is
assigned the responsibility to provide PS0 vith the
engineering, design, procurement, fabrication, vendor

surveillance ara QA services for the NSSS and Nuclear
Fuel. GE is required to provide a QA program
acceptable to PSD for the activities that have been
delegated to GE. The GE management structure for
accomplishing these activities is set forth in PSAR
Chapter 17, Appendix C.

2) Other Suppliers

A large number of other suppliers provide other
components of the plant. These suppliers are required
to provide QA programs acceptable to PS0 for the
activities that have been delegated to them.

Service Contractors

1) Engineering and Design Services

Black & Veatch Consulting Engineer s (B&V) provides PSO
with consulting, design, and engineering services.
Black & Veatch is one of the ten largest consulting ||h
firms in the world and is a leader in the design of
power generation, distribution, and related
facilities. The firm was founded in 1915 and now has
more than 2,900 personnel in eleven offices in the
United States and overseas.

The firm's Power Division provides complete end neeringi

design and consulting services for the electric utility
industry for both nuclear and fossil generating
stations. The Power Divisten is staffed by more than
1,500 professional and support personnel.

Black & Veatch is responsible to PS0 for the
engineering and design of the structures and balance of
plant systems up to the interface with the NSSS and
their integration with the equipment and systems
provided by the NSSS supplier, together with licensing
support service activities for Black Fox Station. B&V
is also responsible for providing on-site engineering
services to assist in the resolution of construction
problems and design problems arising during
construction. B&V serves as a general consultant to
PSO with respect to the entire conduct of the Project.
B&V is required tc provide a QA program acceptable to
PSO for the activities that have been delegated to g
B&V. The B&V management structure for the
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accomplishment of these tasks is set forth in PSAR
Chapter 17, Appendix B.

2) Other Service Contractors

Many other service contractors provide numerous
services such as construction inspection and testing, -

construction equipment operation, and others. PSO

exercises control over these contractors by careful
contract administration and conitoring of performance.
These service contractors are required to provide QA
programs acceptable to PS0 for the activities that have
been delegated to them.

b. PSO Management of Design and Construction
,

1) E.ickground

At first a functional line organization was established
to carry out management of the Project. Over the years
since Project inception, the management organization
wza changed to a " matrix" system in which many Project

(~) participants were responsible both to the Project and
to their normal Company organizational cubdivision.
The organization has subsequently evolved to a more
functionally-oriented structure.

2) Current Management Structure

The interaction of the present PS0 management structure
with BFS Project suppliers and contractors la the
existing system is depicted graphically in
Figures (3)(vii)-2, -3, and -4, below. The four
control functions inherent in the system are control ot
design, control of contracts, control of construction,
and control of qualityj

a) Design Control. Existing methods for design
control of Project work are generally effective.
The Company has lead responsibility for, and
coordinates design 9ctivities among, all Project
suppliers and contractors. Actual design is
performed and utructly controlici by Black and
Veatch for Balance of Plant and by General Electric
for NSSS. The interface points between the two
principal centractors are identified specifically
by GE and coordination of those interfaces is

(~s carefully monitored by PSO in its design
surveillance program.s

-
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Black and Veatch is responsible to PS0 for design
integration. Black and Veatch exercises design
control over equipment suppliers other than the
NSSS Jupplier (GE) and its subcontractors (design
control by GE). Black and Veatch designs and
specifications cus ; be reviewed by, and receive
concurrencs from, ";0 prior to attaining release
status, necessary f, r inclusion in contract and
purchase order bidding documents.

Design relationships are shown in Figure

(3) (vii)-2.

The Manager, BFS Engineering is responsible to the
Manager, BFS Nuclear Project, to provide efficient
and economical execution of design, administrative
control and technical direction to mechanical,
electrical, civil, and nuclear engineertag
functions. He is responsible for surveillance of
the BFS design, PSO's surveillance of design
coordination among all participants, PSO's
compliance with the technical requirements of the
ASME "N" Stamp Program, oversight of the Q List, ggg
technical assistance for QA audits and vender
su rveillance, technical surveillance of procurement
activities, and evaluation and surveillance of
design changes,

b) Contract Control. PSO control of Project
activities continues after the initial des 1 n. At2
that point contract centrol takes over the lead
from design control and carries control forward in
the process of obtaining goods and services.

The initial design merged with appropriate
commercial terms and conditions by PSO provide a
bidding document for each proposed contract or
purchase order. Bidder negotiations conducted by
PS0 (participated in by both PSO and Black & Veatch
engineering organizations) result in revised
specifications integrated by Black and Veatch under
PSO design surveillance to produce final purchase
order or contract documents. Once awarded to the
successful bidder by PSO, the work required by the
purchase order or contract is administered by FSO.
The PS0 positions described below and in Figure
(3)(vii)-3 outline the responsibilities and lines
of control for administration of the various
contracts and purchase orders. ||h
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i
* ~ Based on a study of general procurement practices.-
4 completed by;Booz, Allen & Hamilton in January,
1 1980, PSO has established a_ Project team to

Limplement improvements in its procurement
j management for_the entire Company. BFS Project

procurement procedures will be reviewed and updated
to reflect more recent: Company practice.-

The Manager, Materiel is responsible to the Vice
President, Materiel and Property Management for-
coordinating the preparation of BFS Project, bid
documents, evaluation of bids, and the negotiationr

and award of procurements, whether by purchase
| order or contract; he provides for the

administration of 'the General Electric contracts.
,

The Manager, BFS Materiel and Administration is

I responsible to the Manager, BFS Nuclear Project for

) post-award administration of purchase orders _and
j contracts, for expediting and timely delivery of

- all material, for site warehousing and inventory .
control, and for site procurement actions. He

() provides for Project document control through
development and implementation of the records
management system and for management of the Project,

;_ safety, security and training programs. The
"~

Manager, BFS Nuclear Project retains responsibility
i for administration of the Black and Veatch design

contract.
,

,

c) Construction Control. . Direct control of
j day-to-day-contractor construction activities is

provided through coordination, scheduling, andi

; quality control surveillance by PSO. Any change in
: the work required by.the contract design and

specifications is controlled from proposal through
final PSO approval by the formal change control
system which involves both the design control andi

j contract control functions. Figure (3)(vii)-2 also
i depicts the direct control over cons:ruction site
j activities exercised by the Manager, 3FS

Construction.
,

! The Manager, BFS Construction will directly -manage
j the Project field organization and provide
! technical and administrative direction for his
j- superintendents. He is directly responsible to the
|

- Manager, BFS Nuclear Project for coordination of-

construction activities, for ensuring an effective
quality control function, and for enforcing

i
i
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compliance within contractors and his own

organization with the Quality Assurance Program.
He provides surveillance of all site construction

activities and acts as the coordinator for field
activities. He contro's mobilization, scheduling,
and support of contractor effort. His charter to
ccatrol construction is complete with stop work and
final acceptance authorities,

d) Control of Quality. PS0 is responsible for
monitoring and controlling all Project QA
activities involved in design, procurement, and
construction of BFS. This control is provided
primarily by PSO staff, supplemented as necessary
by contracted capability.

Direct responsibility for those QA/ Quality Control
(QC) functions inherent in the production of goods
and services obtained by purchase order or contract
is delegated to the cognizant vendor. Thus, the
NSSS supplier, other equipment and material
suppliers, Black and Veatch, and the construction g
or erection contractors each have QA
responsibilities specified in their respective
contract or purchase order.

PS0 controls the vendor QA programs by means of
pre-award evaluation, approval of proposed QA
programs, source surveillance inspection, and
audits of supplier and contractor program
execution.

Internally, PSO audits its QA Program execution
regularly and makes use of initial QA
indoctrination training for all Project staf f
members and requires periodic refresher training.

PSO established a Review and Audit Committee (RAC)
at the inception of the Project. The RAC reviews
and evaluates quality-related Project activities as
proposed by its members or assigned by the
Chairman. It recommends to the responsible manager
and to the President changes or improvements in the
means of executing the QA Program deemed necessary
to achieve and maintain a safe and reliable
facility. The RAC is chaired by the Manager, BFS
Nuclear Project and includes the Executive Vice

||hPresident; Manager, QA; Vice President, Power
Generation; Vice President, Materiel and Property

260 19-111381



FSO RESP 0NSE: 10 CFR 50.34(e)(3)(vii)

Management; Manager, BFS Engineering; Manager, BFS
Planning, Scheduling, and Cost Control; and the
Black Fox Station Manager.

A special sul, ordinate Technical Advisory Committee
(TAC) was established shortly after the TMI-2

,

accident to study the accident and the lessons
learned from the several resulting investigations.
The TAC's enarge is to determina where BFS design
and construction plans might be improved.

By instruction, the Manager, QA, report', on BFS
Project natus directly to the Executive Vice -
President; he has the responsibility and authority
to coordinate QA matters directly with all PS0 and
external organizations. The QA department is
responsible for the entire management and oversight
of the PSO QA Program. It exercises direct QA
supervisory authority over all suppliers and
contractors. PSO QA staff has direct access to
their counterparts in contractor and supplier
organizations.

O
Figure (3)(v10-4 shows the organization for
control of palltr.

The Manager, Quality Assurance is responsible to
the Vice President, Power Generation for the
preparation and management of the PSO QA Prc3 ram

; and for surveillance and follovsp of program
implementation. This responsib.lity extends to all
Project activities including design, procurement,
construction, construction and preoperational
testing, startup testing and operations.

The Manager, Quality Assurance has been delegated
the authority and provided the organizational
freedom to identify problems and to initiate,
recommend, provide solutions, and verify
implementation of solutions. He is delegated the
authority to oversee the execution and
implementation of the QA Program and ta perform
both internal and external audits as necessary to
assure a safe and reliable facility. He has
written authority to stop use of unacceptable or
unapproved purchase documents, procedures, or
instructions and to interrupt the continuation of

n activities performed by PSO, contractors, or
U suppliers, including construction site and offsite

activities, which would tend to degrade the quality
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of the structures, systems, and components
important to safety. He is responsible to assure,
through QA audits and surveillance activities, that
verification of conformance to established quality
requirements is accomplished by individuals or
groups who do not have direct tesponsibility for
performing the wo'.k being verified. He has
delegated to his staff the authority to carry out
the duties assigned to them to meet all
responsibilities assigned to the Manager, QA.

The Superintendent, Construction QA is responsible
to the Manager, QA for implementing an effective
construction QA program, including review of
contractors' QA programs, certification of PS0 site
inspectors, approval of contracted inspector
certification, and approval of nonconformance
resolutions.

The Supervisor, Procurement QA is responsible to
the Manager, QA for implementation of the source
surveillance program, including pre-award surveys
of suppliers and contractors; source surveillance
of contractors, subcontractors, and major ||h
suppliers; and review of procurement documents for
QA aspects.

The Supervisor, Quality Programs and Audits is
responsible to the Manager, QA for conducting QA
audits, including supplier QA program approval,
contractor QA program approval, and PS0 and
supplier / contractor program compliance audits,
developing and maintaining QA manuals, and
reviewing and approving Project procedures from a
QA Program standpoint.

The Superintendent, Quality Control is responsible
to the Manager, BFS Construction for implementation
of the site quality control and construction
contractor surveillance programs, including
acceptance inspection for site receiving and of
construction work for items important to safety.
He is empowered to stop work that adversely affects
the quality of areas, equipment, and systems. He
is responsible for initiating and coordinating
nonconformance reports in accordance with
established procedures.

O
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B. TECHNICAL RESOURCES DIRECTED BY THE APPLICANT

1. BACKGROUND

BFS Project staffing began in 1973 with selection of ten
engineers from the company. They were trained in reactor
engineering fundamentals at a special course presented by
Oklahoma State University. Eight of the ten were sent for
periods of six to twelve months to nuclear stations under
construction or in operation to acquire firsthand experience in
design, construction, startup, and operation of a nuclear power
station. Their duties were responsible job assignments
functioning as utility engineers and obtaining pertinent
experience. Since then, PSO has loaned additional engineers,
quality control, quality assurance, startup, training, and
construction personnel in similar fashion.

The Project staff built gradually. By the time of ACRS
hearings in 1977 Project personnel had accumulated over 229
man-years of nuclear experience with a total of 56 full-time
eeployees. Forty-one of them had technical backgrounds,

f''') including 27 engineering or science graduates. Of this total
229 man-years, the group possessed scme 34 man-years of'-

commercial nuclear power plant experience and 78 man-years of
nuclear Navy experience.

By February of 1978, 82 full-time personnel were assigned to
BFS Project. The Project staff included its own recruiting
specialist, and personnel were being added as required to meet
the various Project needs. A year later, strength had reached
160, and by the time of the TMI-2 accident stood at 220.
Project staffing reached its maximum to date in October, 1979
with 248 PS0 personnel.

With the decision by PS0 in late 1979 to reduce its activity
pending development of the NRC post-TMI action plans and
resumption of the licensing process, personnel strength reduced
gradually as Project activity slowed until reaching a current
level of about 50. Some staff members are on loan to other
active nuclear power plant construction projects, gaining
practical experience that will be applicable to BFS Projec+.
work after their return.

Complete rebuilding of the Project staf f is not planned until
construction permits for BFS have been issued. Engineering,
procurement, and construction will proceed only at a rate

g w, consistent with adequate staffing levels.
U

263 .19-111381

_ - - _ _ _ _



PSO RLSPONSE: 10 CFR 50.34(e)(3)(vii) |||

During the period from inception of the Project to the present,
Black & Veatch built its Project staf f to an equivalent peak
strength of over 400 full-time Project personnel. This
manpower level has been gradually reduced over the past two
years to approximately 40, again because of the NRC licensing
moratorium. Many of the staff metbers have been diverted to
other nuclear related work that will maintain and broaden their
technical skills pertinent to BFS work. They will return to
BFS Work upon resumption of Project activity following receipt
of construction permits for BFS.

2. STAFFING LEVELS

During BFS construction, PS0 will maintain a Project staf f to
oversee the design, procurement, fabrication, and construction
management activities and to verify conformance with applicable
regulations, codes, and design criteria. In specific cases
where BFS Project staff is not suf ficient to meet requirements,
temporary technical help is available from PS0's in-house
organizations or outside consultants contracted to work under
the direction of PS0 personnel. To support construction of
BFS, PSO envisions staffing levels as shown in

|||Table (3) (vii)-1. The figures in Table (3)(vii)-1 reflect the
fact that no personnel buildup is planned prior to receipt of
CP. Cognizant PSO managers annually develop manpower plans
based on projected work requirements for ten years.
Adjustments to the manpower plans are made periodically as
required by actual workload.

3. LEVEL OF EDUCATION

Table (3)(vii)-2 lists present PS0 staf fing characteristics
regarding education and experience. In addition to these
technical resources there is a wide range of technical
expertise within the PS0 and B&V corporate organizations
covering major engineering disciplines plus some of the more
highly-specialized fields. Included among these assets are
expertise in substation, transmission, and distribution design;
results engineering; station electrical, instrumentation and
control, environmental, chemistry, and mechanical disciplines.
If a technical issue arises that is outside the scope of PSO
and B&V's technical staffs' engineering capabilities, services
of outside experts may be utilized to assist in resolving the
issue.

4. TRAINING AND EXPERIENCE FEEDBACK

PS0 builds on the experience of the technical personnel it a
hiree by means of technical training programs incorporating W
academic work, seminars, workshops, and specific
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experience-building temporary assignments with other
utilities. A conscious management ef fort is made to develop
the Project technical staff's abilities as described above.

Important inputs to the technical staff include the operating
experience represented in such documents as I&E Bulletins and
LER's. These are routed to staff members to give them the
benefit of others' experience. PS0 participation in BWR
Owners' Group activities broadens the experience background of
technical staff members. Sinflarly, participation in general
sad specialized committee work of other technical and trade
organizations such as ANS, ASME, IEEE, EEI, and INP0 serve to
provide the benefi; of concentrated, evaluated experience to
BFS staff members.

Froject testaffing studies will livestigate ways to bring more
personnel with recent applicat:le experience into the Project.
That effort will consider both in-house and external resources,
including B&V and specialized cutside consultants.

C. IhTERACTION OF DESIGN AND CONSTRUCTION

[) PSO retains overall design and construction respcssibility for the
'#

Project. The Company exercises authority over the design process
thrcugh review and concurrence with design documents at various
stages of the process.

The Project progresses from design through construction in several
stages. In the first stage, that of Criteria Development, all
major participants play a part. Black & Veatch develops design
criteria for the Balance of Plant (BOP) segments. GE develops
design criteria for the NSSS and the turbine generator system. GE
also establishes interface requirements for the interfaces between
NSSS and BOP systems. B&V prepares, reviews, and approves system
design specifications for all plant systems and structures. These
design specifications include all pertinent design critoria,
interface requirements, and PSO unique requirements. PS0's review

| and concurrence results in an approved system design specification.
;

The next stage of the process is the translation of the system
design specification's requirements into an initial design.
Black & Veatch is responsible to PSO for overall engineering design
and design coordination. However, PS0 Project Management exercises
control of design through review of and concurrence with designs.
During this phase of the Project, PS0 construction personnel
conduct periodic constructibility reviews providing feedback to the
design process to assure that construction problems are eliminated

(~3 from the design. PSO personnel also conduct periodic model reviews
(_) during this phase. The design effort includes construction of a

scale model of the NSSS containment, the turbine, fuel, control,
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and auxiliary buildings, and major systems therein. Ecoj ect
personnel review the model on a regular basis to identif7 potential
design, construction, and operational problems. In addition, PSO
has taken steps to ensure that industry experience in design,
ccnstruction, and operation of similar plants is factored into the
design. (See FSO response to Requirement (3) (1)) . Upon
completion, the design process results in a complete set of
drawings and engineering specifications upon which procurement and
construction is based.

During fabrication and construction, PS0 Project Management
administers a change control system which controls the interaction
of the construction, manufacturing, and design processes. Black &
Veatch, GE, construction contractors, or others involead in
construction may initiate requests for design changes,
specification changes, or contract changes. The Project Management
organization reviews and approves or disapproves the request and,
if approved, the formal change is issueu. In order to facilitate
the effective interaction of the construction and design processes,
PS0 has requested that Black & Veatch prcride an on-site
engineering organization to ,articipate in the c.hange authorization
process during construction. All contracts and purchase orders are
based oc approved initial designs and specifications. The system g
for initiation, approval, and implementation of design changes is w
set forth in the Project procedures, which govern all activities
relating to design and construction.

The bases for assuring close coordination of B&V and GE are the
work ecopes contained in their contracts with PSO. GE is charged
with providing appropriate design criteria and submitting equipment
specifications and other design documents for NSSS items that
interf ace with BOP or which otherwise could influence design of
BOP. Similarly, B&V is required to coordinate design activities by
GE and other suppliers with design responsibilities. PS0 provides
surveillance of design activities and their coordination by B&V.

Necessary design information passes through these design
interfaces, including changes to the design informatton as work
progresses. Interface control documents identify the positions and
titles of key persons in the com=unication channels and their
responsibilities for decision-making, for resolution of prcblems,
and for providing and reviewing information. Project procedures
require all design change proposals to be reviewed by the same
design organization involved with the original design.

Coordination of B&V and GE design activities is also assured by
interface design reviews in accordance with the formal Project
procedures including, as a minimum, personnel from the
organizations responsible for each aspect of the design interface |||plus representatives of the PSO Manager, BFS Engineering and B&V.
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Coordination of post-award changes is assured by PSO's Change
Control System. Here, too, the system provides for the review of
all types of changes by the organizations responsible for review of
the original documents. Periodically, a Change Control Status
Report is publishad to aid in management overview.

Design changes are brought about by means of a Description of
Change Document (DCD) used in design activities.

PSO is ultimately responsible for the overali design, construction,
and operation of BFS in accordance with NRC regulatory
requirements, including the Quality Assurance requirements of
10CFR50, Appendix B. PSO's Project Management Organization is
responsible for providing management oversight of principal
contractor activities, obtaining Federal licenses and permits,
approving basic design criteria, releasing selected design
documents, and authorizing expenditures of funds. PSO also retains
stop work authority over contractor design and construction
activities.

The PS0 Manager, BFS Construction and his staff are responsible for
construction overview of contractor performance. The contractors

() and sub-contractors under PSO construction management are
responsible for construction in a manner that conforms to design
quality requirements. The Manager, BFS Construction and his
staff: monitor construction activities; approve schedules, field
procurements, selected invoices, and other financial controls;
monitor compliance with permit and license requirements; monitor
procedure compliance; and coordinate contractor turnover of plantf

systems to the plant operating organization.

In addition, QA provides construction overviaw through monitoring
i the QA aspects of site construction, including: review of

contractor site procedures; audits and surveillance of
construction; identification of quality problems and monitoring
their resolution; and acceptance reviews of components, constructed
structures, and completed systems. PSO has approved procedures for
construction activity. These procedures will be revised and
updated as needed to reflect the organization and will conform to
applicable regulatory requirements, contractual arrangements, and'

i the Black Fox Station Quality Assurance Program. Procedures will
exist for each organizational element involved in construction
overview activities.

D. TRANSITION TO OPERATION

1. TECHNICAL CONTINUITY

) The PSO Executive Vice' President is responsible both for
nuclear plant engineering, procurement, construction, fuel, QA,
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and for operation. This centralized authority will greatly
facilitate the transition from construction of Black Fox
Station to operation.

Once Black Fox Station becomes operational, PSO will have in
place the required technical support necessary to assure safe
and reliable plant cperation. The BFS Engineering organization
responsible for review and surveillance of plant design will be
available as the technically cognizant expert resource when BFS
operates, performing the same functions of engineering support
as they do now for the BFS Project. Technical specialty
support from outside sources will be employed when necessary.

Since the BFS Engineering Organization vill be physically
located at the site during construction and start-up, the
members of the organization will have excellent familiarity
with the equipment. These individuals will be a basic resource
for actual transfer to the operations or engineering support
groups. Keeping this group on site will improve its
performance by giving the technical support staff maximum
access to systems that they will be working on and by
developing a close relationship with the operating staff. This
relationship should serve to improve communications. Although

|||there will be formal procedures by which the plant staff can
request design changes, this close relationship should improve
the mutual understanding and performance of both groups.

PS0's goal for technical skill level is to have on hand
individuals who are technically capable of performing design
verification for all technical areas, especially those that are
uniquely nuclear. For very specialized and complex areas, such
as seismic analysis, PSO intends to continue to employ cutside
expert consulting assistance.

2. OPERATIONAL CONIINUITY

Both BFS Operations and PS0's fossil plant operating
organization have had personnel involved in BFS design reviews
during the design process to ensure that operational aspects
are factored into the plant. PS0 intends to acquire the
operating staff with ample lead time for them to learn the
plant design and operation. Furthe rmore, it is PSO personnel
policy to open new technical staff positions within the Company
first to existing PS0 staff members, and to encourage transfers
within the organization. Thus, engineering and management
personnel involved in BFS design and construction phases who
also have operating experience will be encouraged to transfer
to the operational positions as they are available. This will
facilitate the transfer of expertise to operation. The BFS g
Operations group will be deeply involved in construction W

,
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turnover, construction testing, preoperational testing, and
start-up. At the BFS Project, the Station Superintendent, who
reports to the Station Manager, is also Chairman of the Test
Working Group, which is responsible for the conduct of the
formal pre-operational and startup testing progrsms.

3. COITfRACTOR CONTINUITY

GE, the NSSS vendor, operates the BWR-6 Training Center
adjacent to the BFS site. This Center models the BFS Unit I
control room and provides the most important tool to be used by
PSO in training its operators and technical personnel for
station operation. GE also supplies technical personnel to
support installation and startup of GE-supplied equipment as
well as technical personnel to support PSO's general startup
wo rk.

GE will provide instruction manuals for various NSSS
equipment. These manuals will include operation and
maintenance instructions which will be used as references
during formation of the BFS Startup, Maintenance, and Operation
procedures. PSO may request additional procedure guidance from

() GE during all phases of plant construction or operation. This
will help ensure that plant operations reflect the engineering
expertise in plant design.

The services of B&V, the architect engineer, will be required
to support the post operating license modification program.
Because of their experience during the design and construction i

phase, this support will provide the continuity for the BFS,

unique design for which they were responsible.

In summary, PSO's internal organization and policies are such that
a smooth transition to operation will be facilitated.

E. MANAGEMENT OVERSIGHT

1. BACKGROUND

PSO, under the joint ownership agreement with Associated
Electric and Western Farmers Electric Cooperatives, has sole;

'

responsibility and is fully authorized to act for the owner
utilities with respect to construction, fueling, and operation
of BFS.

PS0 exercises top level management oversight by assigning the
responsibility for design, procurement, construction, and
operation of BFS to the Executive Vice President. Thes

% Executive Vice President reports significant developments in
the Project to the President and directly to the other members
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of the Board of Directors on a regular basis. He directly
controls the Project by approving funds to implement Project
decisions, by approving staffing comple=ents, and by executing
contracts. He regularly reviews the Project status, progress
and current activities, and sets policy for future activities.
He maintains close contact with Proje-t activities through
personal contact and review of Project status daily, weekly, or
monthly, as circumstances require, with the Manager, BFS
Nuclear Project and other project managers.

The Executive Vice President is designated " Engineer-in-charge"
of the BFS Nuclear Project in accordance with ANSI N18.1-1971,
" Selection and Training of Personnel for Nuclear Power
Plants." As a member of the QA Review and Audit Ccemittee, he
reviews the QA Program at least annually to determine the need
for corrective action and to identify those areas in need of
increased emphasis. He has reporting responsibility under 10
CFR 55, 10 CFR 21, and other regulations.

The Manager, BFS Nuclear Project provides routine periodic
reports, generally bi-veekly, to the Executive Vice President. 19

These reports identify progress, current difficulties and
planned activities. They ensure that top-level management is
aware of BFS activities. The Manager, BFS Nuclear Project h
holds meetings with Black & Veatch and with General Electric
Co=pany executives, enabling their management to be informed of
Project status, management and technical issues, as well as
plans for the future.

2. THE BFS MANAGEMELT REVIEW OF 1980

The construction activity under the LWA served to a large
extent as a " shakedown" period for the project canagement
system and the construction management methodology. During
this time the Company tested its construction procedures by
using them in connection with the non-safety related work. The
basic management procedures developed and used during the LWA
period remained in place during the moratorium but are in the
process of being reviewed to accommodate newly-developing
circumstances.

The NRC licensing moratorium offered a significant opportunity
for the Cocpany's management to assess the effectiveness of the
project managemen; organization.

In 1980 the PSO Fresident appointed a four-man internal
Management Review Team to review the project. They submitted a
five-phase report for senior executive review in February 1981.

Major recommendations of the Management Review Team were:
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e The Project should adopt a functional line organization
headed by a full-time executive, on site, with previous
nuclear project experience, in lieu of the matrix approach
to management of the Project.

Renegotiate and redefine relationships between PS0 Projecte

Management and its principal contractors, Black & Veatch
Consulting Engineers and the General Electric Company.

e Augment the BFS construction management methodology to
include an outside organization with proven construction
management experience if that alternative is confirmed by a
recommended review to determine the selection of the
appropriate management methodology.

Increase the number of personnel with previous nucleare

power plant project experience.

The first recommendation coincided with previously evolving
project plans to shif t from a matrix system to a project
management system. With respect to the second recommendation,
discussions have been held with Black & Veatch to redefine its,_

'

'j responsibilities with respect to the Project, and negotiations
are ongoing with General Electric to clarify future
relationships. For the other recommen'ations, PS0 executive
management, after its review, decided ?.c delay decision on
implementation until the schedule for resumption of
construction became clearer.

As Project restart begins, PSO management will review the
recommendations of the Management Review Team and other inputs,
and implement any changes deemed necessary in the light of
current circumstances to assure the most effective management
control and support of the Project. PSO will provide timely
notification to the NRC of any significant changes in
organizational structure.

3. OTHER MANAGEMENT REVIEWS

PS0 Executive Management maintains a dedication to careful
oversight of the conduct and management of the BFS Project. It

has repeatedly called on outside management consultants for
analysis of Project performance. Studies of the BFS Project
have been performed by Tera Corporation and Management Analysis
Comp any. Booz, Allen & Hamilton performed a study of PSO's
over-all procurement system and recommended a number of
changes, many of which have been or are being implemented.

(~S Arthur Young & Company performed a study of PSO's personnel
(_) resources and the resulting recommendations have been

implemented. As previously noted, a Technical Advisory
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Committee was established to review the implications of the
TMI-2 accident with respect to Black Fox Station.

O

,

i

|

O
|

I
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(D TABLE (~gli)-1
-'

~ i
PSO MANPOWER ESTIMATE'-

End of Year Staffing Levels

i
1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994

Functional Areas CP FL- FL
CO#1 CO#2

Licensing 3 3 3 3 3 3 3 3 3 3 3 3

Engineering 27 31 35 40 42 51 57 62 64 59 40 30

|

|

| Administration 61 135 189 214 220 226 216 184 137 115 90 65

|

Construction 21 60 100 120 120 120 110 90 90 85 75 35
'

E|
u

operations 5 7 28 40 57 115 200 265 300 335 382 450

Quality Assurance 12 21 33 48 59 62 42 28 28 28 28 28

3 CP: Receipt of Construction Permits Assume: CP 1981

[ Fl. : Fuel Load Cotstruction Start 1984

'
CO: Commerical Operation Unit 1 Operstsens) 1991

Unit 2 Operational 1994 19

*

.
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* 10 CFR 50.34(e)(2)(1x)/(3)(v) RULEMAKING PkOCEEDING ON DEGRADED CORE
ACCIDENTS

NRC POSITION:

(2) To satisfy the following requirement, the application shall
provide sufficient information to demonstrate that the required
actions will be satisfactorily completed by the operating license
stage. This information is of the type customarily required to
satisfy 10 CFR 50.35(a)(2) or to address unresolved generic safety
issues. (NUREG-0718, Category 4)

(ix) Provide a system for hydrogen c'ontrol that can safely
accommodate hydrogen generated by the equivalent of a 100%
fuel-clad metal water reaction. (NUREG-0718, II.B.8)

(3) To satisfy the following requirements, the application shall
provide sufficient information to demonstrate that the requirement
has been met. This information is of the type customarily
required to satisfy 10 CFR 50.34(a)(1) or to address the
applicant's technical qualifications and management structure and
comeatence. (NUREG-0718, Category 5)

(v) Provide preliminary design information at a level of detail
consistent with that normally required at the construction

O permit stage of review sufficient to demonstras2 that:

(II.B.8)

(A) Containment integrity will be maintained (i.e., for
steel containments by meeting the requirements of the
ASME Boiler and Pressure Vessel Code, Section III,
Division 1, Sub&rticle NE-3220, Service Level C limits,
except that evaluation of instability is not required,
considering pressure and dead load alone. For concrete
containments by meeting the requirements of the ASME
Boiler Pressure Vessel Code, Section III, Division 2,
Subarticle CC-3720, factored load category, considering
pressure and dead load alone) during an accident that
releases hydrogen generated from 100 percent fuel-clad-

metal-water reaction accompnnied by either hydrogen
burning or the added pressure from post-accident
inerting assuming carbon dioxide is the inerting agent,
depending upon which option is chosen for control of

.

hydrogen. As a minimum, the specific code requirements
j set forth above appropriate for each type of containment
! will be met for a combination of dead load and an
'

internal pressure of 45 psig. Modest deviations from
these criteria will be considered by the staff, if good
cause is shown by an applicant. Systems necessary to
ensure containment integrity shall also be demonstrated
to perform their function under these conditions.
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(B) The containment and associated systems will provide

reasonable assurance that uniformly distributed hydrogen
concentrations do not exceed 10 percent during and
following an accident that releases an equivalent amount
of hydrogen as would be generated from a 100 percent
fuel-clad metal-water reaction, or that the
post-accident atmosphere will not support hydrogen
combustion.

(C) The facility design will provide reasonable assurance
that, based on a 100 percent fuel-clad metal-water
reaction, combustible concentrations of hydrogen will
not collect in areas where unintended combustion or
detonation could cause loss of containment integrity or
loss of appropriate mitigating features.

(D) If the option chosea "or hydrogen control is
post-accident inerting: (1) Containment structure
loadings produced by an inadvertent full inerting
(assuming carbon dioxide), but not including seismic or
design basis accident loadings will not produce stresses
in steel containments in excess of the limits set forth
in the ASME Boiler and Presaure Vessel Code, Section g
III, Division 1, Subarticle NE-3220, Service Level A
Limits, except that evaluation of instability is not
required (for concrete containments the loadings
specified above will not produce strains in the
containment liner in excess of the limits set forth in
the ASME Boiler and Pressure Vessel Code, Section III,
Division 2, Subarticle CC-3720, Service Load Category),
(2) A pressure test, which is required, of the
containments, a t 1.10 and 1.15 times (for steel and
concrete containments, respectively) the pressure
calculated to result from carbon dioxide inerting can be
safely conducted, (3) Inadvertent full inerting of the
containment can be safely accommodated during plant
operation.

(E) If the option chosen for hydrogen control is a
distributed ignition system, equipment necessary for
achieving and maintaining safe shutdown of the plant and
maintaining containment integrity shall be designed to
perform its function during and af ter being exposed to
the environmental conditions created by activation of
the distributed ignition system.

O
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PS0 RESPONSE:

INTRODUCTION

The basis for the requirement for a hydrogen control system which is
capable of dealing with rapid generation of large quantities of
hydrogen is the TMI-2 accident, which resulted in the generation of
hydrogen beyond the limits specified in 10 CFR 50.44. As a consequence
the NRC has identified hydrogen control arising from a degraded core as
deserving special attention. The Commission has imposed new hydrogaa .

control requirements on plants about to receive operating licenses, and
more recently has issued hydrogen control requirements as part of the
newly issued Near-Term Construction Persit/Maaufacturing License
Regulations. These construction permit hydrogen control requirements
are hereafter referred to in this response as the " Hydrogen Contrcl
Rule."

COMMITMENT

PS0 commits to provide a Hydrogen Control System (HCS) which will
safely accommodate, in accordance with the Hydrogen Control Rule, the
hydrogen generated by the equivalent of a metal-water reaction which

''s(d consumes 100 percent of the zirconium metal in the active fuel
' ciadding.

DESCRIPTION OF THE RESPONSE

TL2 following four sections of this response provide the detailed
information necessary to support PSO's commitment to comply with the
requirements of the Hydrogen Control Rule. The first of these sections
presents a description of PS0's long-range hydrogen control program,
the bases for the preliminary system selection and a conceptual system
description. The second of these sections presents a description of
the preliminary design parameters which were used to assess the
adequacy of the HCS. The third of these sections presents the
preliminary system description and the assessment of the system's
performance. The last of these sections presents a detailed discussion
of the analytical methodology used in completing the performance

| assessment.

A. HYDROGEN CONTROL PROGRAM

In response to the NRC's hydregen control requirements, PS0 has
undertaken a long-range hydrogen control program.

1. PROGRAM PLAN

The hydrogen control program is proceeding ir several phases,p .s
( ,| as described below.
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Phase 1--Preliminary selection of a hydrogen controle

system. The results of this preliminary assessment are
presented in this response.

PS0 will continue its evaluation of the various alternative
systems for hydrogen control, including a consideration of
the various industry activities in this area. The final
evaluation and selection among the various hydrogen control
systems will be completed and submitted to the NRC Staff two
years after the issuance of the construction permits. Table
(2)(ix)-1 provides a list of topics which will be addressed 19

in this post-construction permit submittal. An evaluation
program, similar to that described in Phase 2 below, will be
carried out for the final hydrogen control system selected.

Phase 2--Preliminary evaluation of the selected systeme

against the requirements of the Hydrogen Control Rule and
other specific design and performance criteria. This effort
has been completed and the results are presented in this
response.

e Phase 3--Detailed system evaluation which culminates in a
final design. The results of this effort will be submitted

||hwith the FSAR.

PS0 recognizes the existence of the many ongoing and planned
research and development programs in the area of hydrogen
control. Examples of these programs are identified in Table
(2) (ix)-la. As part of its long-range hydrogen control 19

program, PS0 is committed to active participation in the BWR
Hydrogen Control Owner's Group and to maintaining cognizance of
industry efforts in this area.

2. PRELIMINARY SYSTEM SELECTION

a. Selection Criteria

A number of approaches to hydrogen control have been
proposed. These approaches, as integrated into a total BFS
HCS, were evaluated against the following criteria:

1) The HCS and its supporting systems musi be able to
safely control the hydrogen generated by the equivalent
metal-water reaction which consumes 100 percent of the.
zirconium metal in the active fuel cladding, such that
containment integrity and safe shutdown capability will
be achieved and maintained.

2) The system must be able to maintain the hydrogen g
concentratien below the detonable limits or create an w
atmosphere incapable of supporting combustion.
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3) The operation, including inadvertent operation, of the
HCS should not endanger the health and safety of the
public.

4) The inadvertent operation of the system should not
result in unacceptable damage to station safety systems
er pose an undue risk to station personnel.

5) The HCS must be able to assure that no stagnant areas
exist where unintended combustion or detonation could
result in a le ss of containment integrity or loss of
any required mitigating features.

6) The HCS must be able to function adequately over a
wide variety of postulated events.

7) The components of the HCS, insofar as possible, should
be a standard design and not require extensive
development. If major components or subsystems require
developmental work, the potential for substantial
improvement over current performance levels should
exist.

8) The praliminary assessment of each alternative should
be based on at appropriately conservative analysis,

b. Evaluation and System Selection

There is a considerable amount of research under way to
evaluate various aspects of hydrogen control. These
activities are expected to provide valuable information in
a time frame that will support the detailed design and
procurement of a final HCS for BFS. The following four
potential hydrogen control systems were selected for

; preliminary evaluation against the above listed criteria:
,

| e Water fogging

* CO2 post-accident inerting
HaIon post-accident inertinge

| e Distributed ignii.er system
.

The conclusion of the prel.iminary evaluation was that a
Distributed Igniter System satisfies all of the above
specified evaluation criteria. Based on a qualitative
evaluation of these systems, PS0 has tentatively selected a

| HCS consisting of a Distributed Igniter System (DIS)
i operated in conjunction with a spray system equivalent to a

single loop of the conteinment spray operating mode of the
Residual Heat Removal (RHR) system.

,

I
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c. Conceptual System Description

The DIS would react large quantities of hydrogen with
oxygen by controlled combustion of the hydrogen as it is
released to the drywell and containment volumes. The rate
of hydrogen combustion within a given volume is influenced
by the number and distribution of the igniting elements.
These elements would be provided in sufficient quantities
and at the proper locations to ensure that local hydrogen
concentrations remain below the detonable range as long as
the local atmosphere is capable of supporting combustion.

The heats of combustion, metal-water reaction, and
radioactive decay would be absorbed by the suppression
pool, the containment sprays, and the large thermal mass of
the containmen: concrete and steel structures. This heat
absorption will limit the temperature effects of hydrogen
combustion to localize ~ transients which will be analyzed
in detail during the equipment qualification review. The 19

pressure suppression effect of the containment spray will
act to limit the peak pressures resulting from the
controlled deflagrations to values below the minimum
required pressure used in the evaluation of containment
integrity, as defined in Subsection C.2.d.

The DIS will be designed with suitable reliability such
that proper functioning of the system is assured. The DIS
will be powered from two independent sources such that each
source will supply power to one-half of the igniter
assemblie.s .

B. PRELIMINARY DESIGN PARAMETER DEVELOPMENT

1. INTRODUCTION

The three major design parameters which are used in the
assessment of perfor=ance adequacy are as follows:

e Hydrogen release rates
e Hydrogen ralease points

Hydrogen combustion characteristicse

These design parameters were utilized in the hydrogen migration
sind combustion analyses which are described in Section D, as
part of the assessment of the adequacy of the proposed system
relative to the requirements of the Hydrogen Control Rule. The
selection of parameter values and analytical techniques was
based on engineering judgment and experience in performing
similar work in other areas. Where appropriate, parametric
analyses were performed prior to selecting the base case |||
valuss.

284 19-111381



. . _ - -. .

- PSO RESPONSE: 10 CFR 50.34(e)(2)(ix)/(3)(v),

; 2. DESIGN CRITERIA

a. Rates of Release

Conditions were postulated such that the resultant mass and
energy release to the containment system is accompanied by
significant hydrogen generation during a time frame which,

would reasonably permit recovery of core cooling prior to
! significant core degradation. Three systen parameters are
i of major significance in defining the hydrogen release.

These are:

1) Rate of Reactor Coolant Loss

i The time to o' of hydrogen generation is determined
; by the rate o' , lowdown, as significant hydrogen

generation does not begin until the water level in the
RPV has dropped below the active core region. The rate
of coolant loss also influences the rate of hydrogen.
generation by limiting the flow of steam and hydrogen
from the core during the reaction period. A steam line

, break area of 0.163 ft2 was assumed. This is
equivalent to r. stuck-open safety-relief valve.

2) Rate of Makeup;

Depending on the rate of coolant loss and the power
; history of the core, makeup may be required to avoid

core slumping prior to achieving a significant amount
of metal-water reaction. For this analysis, the-

reactor coolant venting was assumed to occur,

concurrently with a makeup of 30,000 lbm/h injected
| into the lower plenum until the peak fuel centerline

temperature reached 4130' F. This makeup flow is
equivalent to that provided by the Control Rod Drive
(CRD) system.

; 3) Previous Core History and Core Characteristics

|.

These will determine the decay heat values and the fuel
temperature distribution. The reactor was assumed to
be scrammed at 100 percent power with an equilibrium
power history.

In order to develog detailed hydrogen release data, PSO
utilized the MARCH computer code along with certain
assumptions chosen to approximate the conditions
leading to a maximum calculated cumulative release.
The following assumptions were made in addition to
those given above.

1

,
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a) When the peak fuel centerline temperature reached
4130' F at 34 minutes, only the hydrogen mass flow
rate was taken from the MARCH calculation and the
mass and energy release rates for steam were based
on the assumed availability of sufficient makeup to
remove the total energy generated by decay heat and
the metal-water reaction.

b) Na fuel was allowed to slutp into the lower plenum
until all fuel reached the melting point. Prior te
this point, the reaction became steam-limited and
the results of the MARCH calculation were modified
as discussed below,

c) At 70 minutes, the reaction rate was severely
limited by the amount of flashing steam from the
lower plenum. At this point, approximately 65
percent of the active fuel cladding had reacted.
To satisfy the Hydrogen Control Rule requirement to
safely control the hydrogen generated by the
equivalent of a metal wate reaction which consumes
100 percent of the zirconium matal in the active
fuel cladding, the reaction rate was assumed to be
constant ac 48.5 lbm/ min hydrogen until 84.2 |h
minutes, at which time the reaction was complete.

The resultant mass, energy, and hydrogen release rates
are shown in Tables (2)(1x)-2 and -3. These release
rates were used for performing the preliminary
evaluation of the perturmance adequacy of the DIS. A
more det tiled description of the methodology used, and
the parametric analyses performed to establish this
hydrogen generation rate is presented in Section D of
this response.

The BWR Hydrogen Control Owner's Group has undertaken
the evaluation of a BWR hydrogen source term, and of
the factors which are expected to influence the design
basis for evaluating the adequacy of the Hydrogen
Control System re eformance. These factors include:

Time to start of generatione

Rate of generatione

e Mass and energy release to containment
e Locatic.n of release

Total hydrogen releasee

The results of the BWR Hydrogen Control Owner's Group
evaluation will be compared with the values selected g
for this preliminary assessment and any modifications
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which are indicated as a result of this comparison will
be reflected in the Phase 3 detailed design effort.

b. Release Points

The BFS containment shown in Figure (2)(ix)-1 is relatisely
insensitive to the precise release modes. The two cases fcr
evaluation are: a single asymmetric release through a
safety-relief valve (SRV) downcomer in the suppression
pool; and, a sy==etric discharge through the drywell vents.

Releasee inside the drywell volume would channel the mass
and energy of the relesee to the containment volume through
the horizontal vents at the b&ae of the drywell into the
suppression pool. Because of the sy= metry of the vents,
such a release would produce an axially symmetric
distribution of the steam and noncondensible gates to the
containment volume.*

Potential release points outside the drywell but inside the
containment can be subcategorized into three general

(,_) groups--high energy fluid system lines, low energy and
small diameter piping, and large diameter inactive piping
such as the safety-relief valve discharge lines (SRVDL) and
ECCS test return lines. Of these groups, only the SRVDL
creates the potential for continuous release of significant
mass and energy to the containment. The SRVDL terminate
outside the drywell and in the suppression pool as
indicated in Figure (2)(ix)-2. The failure of a SRV to
close when required would result in a significant rate of
mass and energy release to the suppression pool,

c. Evdrogen Combustion Parameters

The' basic analytical tool used to assess the performance
adequacy of the DIS is the B&V computer code HYBRID. A
functional description of HYBRID is presented in
Section D.4. of this response. HYBRID utilizes the
hydrogen release rates developed in Section B.2.a. and, by
appropriate modeling, injects this hydrogen into the
containment system at the release points identified in
Section B.2.b. To provide the pressure and temperature
time histories which would result from controlled
combustion of this hydrogen, it is necessary to specify the
relevant combustion parameters.

2

(-} NUREG/CR-1561 provides a concise sum =ary of the current
x./ literature celative to hydrogen combustion. Based on

NUREG/CR-1561 and other available information, PSO has
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selected base case values for the parameters listed in

Table (2) (ix)-4

C. , SYSTEM DESCRIPTION AND PERFORMANCE ASSESSMENT

1. SYSTEM DESCRIPTION

a. Preliminary Layout

The results of the hydrogen migration analysis, which are
described in Seccion C,2.a. of this response, form the
basis for the preliminary layout of the DIS. The relative
locations of the igniters are shown in Figures (2)(ix)-3
through (2)(1x)-8. To ensure prompt ignition of hydrogen
exiting from either a single point or distributed release,
a ring of 18 igniters (9 per division) will be placed in
the vicinity of the platform at Elevation 576' 7". A
second ring of 12 igniters (6 per division) will be placed
near the HCU floor at Elevation 592' 10". Thus, a total of
30 igniters (15 per division) will be available to provide '
positive ignition of hydrogen in the wet well region of the
containment volume.

Above the HCU floor, the flow of hydrogen is directed by ||h
the floors and walls of the subcompartments which span the
area from the drywell to the containment vessel. Hydrogen
which exits the wet well region will be channeled by the
steam tunnel and the suspended concrete slabs beneath the

HCU modules at Elevation 592' 10" into one of the four
relatively open quadrants between the sides of the concrete
slabs. e total of 8 igniters (4 from each division) will
be placed in these areas in the vicinity of the platform at
Elevation 641' 5". A total of 8 igniters (4 from each
division) also will be placed in these areas in the
vicinity of the platforms at Elevation 618' 11".

To provide for reliable combustion of any hydrogen which
reaches the containment dome, a total of 12 igniters (6
from each division) will be placed in the volume above the
polar crane.

The containment air recirculation system supplies chilled
air to various general areas of the containment. This
system isolates on a LOCA signal but can be manually
restarted by the operator. With the sole exception of the
Main Steam Tunnel, subcompartments within the containment
are cooled by internal fan coil units. There is very
little air movement between these subcompartments and the
gacerta containment atr wphere even under ev7ditions of ggg
full 2orced recircula tion. "o ensure controlleu ignition
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of any af rogen which eight migrate into opend
subcompartments, 2 ignitars (1 from each division) will be
placed in the Main Steam Tunnel at about Elevation 525' 0"
and in the Reactor Water Cleanup Demineralizer (RWCUD) pump
and tank room on Elevation 641' 5". The total number of
igniters to be used in the containment is 62.

To provide for controlled ignition of any hydrogen released
to the drywell,' two rings of 8 igniters each (4 from each
division) will be provided. The first ring will be located
at about Elevation 590' 0". The second ring will be in the
vicinity of the platform at Elevation 616' 11 ". As
discussed below, cotbustion in the drywell is expected to
occur under hydrogea-rich rather than oxygen-rieb
condi; .ns. Air is expected to reenter the drywell
primari./ through the drywell vacuum-relief line. To
control the rate of oxygen buildup, 6 igniters (3 from each
division) will be located in the upper part of the
d rywell. These igniters will also provide grotection
against potential pocketing in the drywell herd region.
The total number of igniters to be used in the drywell is
22.OJ,

b. Igniter Assembly Description

The igniter assembly proposed for the preliminary BFS DIS;

is similar to that employed at Sequoyah Nuclear Station and
proposed for Grand Gulf Nuclear Station. The igniter, as
presently envisioned, is a General Motors AC Division Model
7G glow plug which will be mounted in a welded steel box.
The glow plug will be provided with a spray shield to
protect the igniter element from containment spray. The
igniters located in the wet well region will either be
provided with deflectors for pool swell and froth
protection, or will be shown to have an acceptable surface|

temperature recovery time following immersion. A heat
shield will be provided, if necessary, to protect the
i niters from high temperatures.d

c. Igniter Supports

The igniter assemblies will be acequately supported to
withstand, without loss of function, the loads associated
with seismic events (SSE), and hydrodynamic (peol swell,
jet impingement, and prassure spikes associated with pipe
rupture and hydrogen ignition) and thermal (pipe rupture
and hydrogen ignition) transients.

()V
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d. Power Supplies

The igniter assemblies will be provided power from two
480 V ESF power buses, one for each division. These are
Class lE power supplies which, in the event of the failure
of the normal power supplies, will be fed from the
station's emergency diesel generators. A preliminary
one-linc diagram is shown on Figure (2)(ix)-9. All
electrical components except the local junction boxes will
be located outside the containment and are therefore
accessible for inspection and repair, even during operation
of the system.

e. Proposed Method of Operation

1) System Operation

This D13 will be designed to prevent the accumulation
of detonable concentrations of hydrogen. The DIS will
not be required for events which result in the
generation of hydrogen less than or equal to the
amounts and release ratea considered in the design of
the present Containment Combustible Gas Control System

(|g(CCGC) as described in PSAR Subsection 6.2.5. It is
intended that the DIS be manually actuated for all
event sequences which possess the potential to generate
excessive amounts of hydrogen. The design of the DIS
will be such that planned or inadvertent actuation of
the system will not adversely affect the operational
safety of the plant nor increase the severity of a
particular event.

2) Initiation Criteria

As shown in section B.2.a. an event which will require
I operation of the DIS proceeds at such a rate as to

allow actuation by a control room operator in accordnce
with emergency operating procedures. Reactor water
level is considered to be the best indication of the
potential for rapid hydrogen generation in a BWR,
System initiation details will be included in the FSAR.

f. Tests and Inspection

1) Preoperational Testing

The DIS will be preoperationally tested to ensure
correct functioning of all controls, instrumentation
and wiring, transformers and igniters. The test will
consist of energizing one of the twc ESF power
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distribution panels from the control room and verifying
that all igniters powered from the associated panel are
functional. The identical procedure will be followed
for the remaining igniters powered off the remaining
ESy panel.

2) Surveillance T, its

During plant operation, the igniter assemblies, power
distribution panels, instrumentation, and associated
wiring can be visually inspected (outside the drywell)
and operationally tested at any time. All igniter
assemblies will be tested periodically to verify
operability. The test procedure will be similar to the
preoperational test procedure discussed above.

g. Instrumentation and Controls

The DIS will be manually initiated from the control room.
Instrumentation for the DIS consists of two control room
handswitches, one for cach of the two Class 1E power
divisions. Each handswitch energizes the igniters in its() respective division.

2. DISTRIBUTED IGNITION SYSTEM PERFORMANCE ASSESSMENT

During the course of the preliminary performance assessment
described below, other advantages of the DIS were identified.
These other advantages include:

o The hydrogen deflagration process produces pressure
time--histories which have frequencies which are
significantly lower than the major structural response
frequencies,

o The system configuration is flexible. That is, should
design parameters change, the system can be expanded or
altered (e.g. , adding or relocating igniters) with minimal
impact on the remainder of the plant. Moreover, tne
igniters can be located in such a manner that the loss of
one or more igniters will not limit the ability of the DIS
to perform its intended function.

a. Unintended Local Conbustion

The pote.ntial for localized high concentrations of hydrogen
(pocketing), which might lead to unintended combustion or
detonation was evaluated by performing a hydrogen migration''

analysis using the SOLA-DF computer code. A description of
this analysis is presented in Section D.3. The following
discussion presents the results of the analyses performed.
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1) Gratings

The annular region of the BFS containment volume is
subdivided by several levels of grating which serve as
both personnel access platforms and a.s supports for
equipment. The locations of the gratings (single-link
shading) are shown in Figures (2)(ix)-3 through -8.
This grating has an open area of 50 percent, not
counting the area occupied by equipment base pads. To
determine the potential effects of gratings on hydrogen
flow, two separate SOLA-DF evaluations were performed.

The first evaluation was a free rise simulation in
which the hydrogen was released from the suppression
pool and encountered no obstacles except the drywell
and containment walls. Typical results are shown in
Figures (2)(1x)-10 and -11. Each small square symbol
represents 0.5% within a grid. Figure (2) (1x)-10
displays an ares 18 feet wide by 30 feet high by 18
feet deep divided into a 15 by 15 by 15 grid. The
bottom of the figure represents the surface of the
suppression pool. The Figure (2)(ix)-10 cross-section
is taken approxirc.ately 8.5 feet cut from the drywell
wall. The plume remains relatively compact (the g
half-angle of expansion is about 10 degrees). Figure
(2)(1x)-11 shows the plume horizontal cross section
approximately 10 feet above the surface of the
suppression pool. The plume is reasonably symmetric
and nearly circular.

The second evaluation was a grating analysis performed
by closing off alternate rows of cells in two layers,
resulting in two layers each with 50 percent open
area. The long axis of the top row of cells was
oriented at right angles to the long axis of the lower
layr~. Except for the simulated grating, all
conditions are identical for the two cases. Typical
results cre shown in Figures (2)(1x)-12 and -13. The
differences between the two analyses are readily
apparent, as the gratings cause the hydrogen to
disperse n rizontally to a much greater degree, when
compared to the free rise simulation.

It has been concluded from these analyses that gratings
or other large obstacles (e.g., pipe support
structures, large equipment) can ha.e a significant
dispersive effect on hydrogen flow and should be
included in detailed migration analyses.

O
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2) Reactor Building 360 Degree Evaluations

The purpose of this_ series of analyses was to gain an i

understanding of how hydrogen which is released either
at a single point or in a uniform distribution can be
expected to flow in a large, internally segmented
structure like the BFS containment. In particular, it
was considered necessary to determine the size of
volume for which the assumption of instantaneous,
homogeneous mixing would be reasonable. An SRV release
under the RWCU equipment area was selected for
evaluation. A relatively coarse nodularization scheme
was used. For this relatively coarse model, the
effects of gratings and small subcompartments were not
included. This is considered to be conservative with
respect to dispersal' effects for evaluating uniform
distribution. The effect of grating and small
subcompartments is considered in the 90-degree
evaluation as discussed in sectiwn C,2 a.3.

The results of the RFCU release are shasm in Figures
(2)(1x)-14 and -15. Figure (2)(ix)-14 shows a vertical

() cross-section taken near the drfuell wall. Figure
(2)(ix)-14A shows the hydrogen distribution af ter 2
mini:tes of release and Figure (2)(ix)-14B af ter 4
mitmees. As indicated, the hydrogen plume can be
expected to rise fairly slow with minimal initial
dispersal until the plume reaches the vicinity of the
refueling floor. After 4 minutes of release, the do.
hydrogen concentrations are starting to approach the
lower flammable limit (LFL) of 4 percent, while this
limit was exceeded in the wet well region very shortly
after the release started. The potential for
structures and solid floors to create temporary
asymmetric flow patterns is evident.

Figure (2)(ix)-15 shows two separate cross-sections
taken after 12 minutes of release. Section 1-1
indicates the start of hydrogen migration horizontally
into the wet well region. Section 2-2, taken nearer
the RPV center line, shows no evidence of horizontal
flow into this area.

On the basis of this preliminary analysis and the
grating analysis described above, it has been concluded
that for a single point release, the homogeneous mixing
assumption is reasonable for a 90 degree are centered

f-- about the release point.
.

The distributed release case was analyzed by simulating
18 equally spaced release points around the drywell
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wall, as shown in Figure (2)(ix)-16. The total
hydrogen release rate was identical to that used in the
single point release evaluation. The holdup and
dispersive effects of the Main Steam Tunnel (shown at
the right center of Figure (2)(ix)-18) is indicated on
Figure (2) (ix)-17. The grating analysis described
above indicates the strong dispersive effect of
gratings and examination of the BFS arrangement
drawings indicates the presence of large areas of
grating in all areas except the Equipment Removal Hatch
area.

Based on the grating and distributed release analyses,
it har been concluded that a distributed discharge will
result in relatively uniform concentrations in the wet
well region. -

3) Reactor Building 90 Degree Evaluations

a) Equipment Removal Hatch. An SRV release under the
Equipment Renoval Hatch area was simulated in
detail. The results are shown on Figure

(2)(ix)-19. This area was selected because it is
the only region which offers a substantially |||
unrestricted migration path from the suppression
pool surface to the dome region, as discussed above
in the distributed release analysis. The flow
behavior observed is very similar to that seen in
the free rise and grating analyses, that is,
limited horizental dispersal until grating is
encountered. Based on this preliminary analysis,
it has been concluded that igniters should be
located as near as possible to the suppression pool
surface and that other igniters should be placed
above them to ensure positive ignition of any
hydrogen released or drawn into this area of the
containment.

b) Reactor Water Cleanup Area. A release under the
RWCU area was simulated because this region cf
containment is a mixture of grating platforms,
solid floors which extend almost the entire width
of the annular space, and small subcompartments
which might pocket hydrogen. The results are shown
in Figures (2)(1x)-20 through -23.

The degree of pocketing and dispersal in this area
is consistent with the results obtained in the
grating and Main Steam Tunnel analyses described
above. All of the RWCU subcompartments are
isolated from the Reactor Building atnosphere by
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sSlid, normally closed doors, except the holding
pump area at Elevation 641' 5" (depicted on Figure
(2) (ix)-23) . This area is, in effect, an enlarged
walkway. If the hydrogen release is symmetric (as
assumed in the analysis shown in Fig res (2)(ix)-20
through -23), then hydrogen will tend to stream
past this area with little or no lateral movement.

,

A more detailed study using asymmetric release
indicates that cross-drafts could be set up which
might draw hydrogen into the holding pump area.
This potential lateral movement is slightly evident

j on Figure (2)(ix)-23, which shows the start of
hydrogen migration into the walkway area between
the ?UCU wall and the containment shell.
Therefore, igniters have been placed in these areas
to ensure controlled combustion and to preclude
pocketing.

c) Main Steam Tunnel Area. A relesse under the Main
Steam Tuncel was simulated beause the steam tunnel
presents a large, flat expanse which is a nearly
complete obstruction to upward flow. The potential

() for temporary pocketing offered by such an
obstruction was expected to be high in this area
and is confirmed by the analysis, as shown in
Figures (2)(ix)-24 through -28. The actual Main
Steam Tunnel construction calls for an air gap
between the concrete floor and walls and the steel
containment. This was simulated by leaving two
cells open, as shown on Figures (2)(ix)-25 and
-26. This gap may allow hydrogen to migrate into
the tunnel, as shown in Figure (2)(ix)-28, to be
consumed by the igniters placed in the upper areas
of the tunnel.

The analysis also indicates hydrogen will readily
migrate into the walkway area between the RWCU heat
exchanger compartment and the steel containment.
Igniters will be provided near this area to ensure
controlled ignition.

4) Conclusion

Based on the preliminary evaluations described above,
PSO believes.that a sufficient number of igniter
locations (as shown on Figures (2)(ix)-3 through -8)
can be provided for reasonable assurance that

pg controlled combustion will occur in the containment and
(_) drywell well before the localized concentrations of

hydrogen could approach the detonable range.
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b. Hydrogen Concentration

The uniformly distributed hydrogen concentrction should not
exceef 10 percent during and following an accident or that
the post-accident atmosphere should not support combustion.

A post-lated accident of the type required by the Hydrogen
Contro. Rule has three major periods:

e InitinA R?V blowdown
Hydrogen generation and release with controlled combustione

e Post-accident completion of hydrogen generation and release
into an oxygen-depleted atmosphere.

The following sections describe the performance assessment
of the proposed DIS during the hydrogeir generation (Period
2 above) and post-accident completion (Period 3 above)
periods for the two release cases considered.

1) SRV Discharge

Figures (2)(ix)-29 through -34 depict the transient
hydrogen and oxygen concentrations in each of the
subvolumes used in the HYBRID combustion analysis. |||Refer to Figure (2)(1x)-68 for a description of the
subvolumes. Figure (2)(ix)-35 shows the transient
uniform mixed concentrations in the containment.
Inspection of these figures shows that at no time
during Period 2 (hydrogen combustion) does either the
localized or uniform hydrogen concentration exceed 10
percent while the at=osphere is capable of supporting
combustion.

At the end of the hydrogen burning period, the
post-accident containment atmosphere is a turbulent
mixture of oxygen, nitrogen, water and water vapor, and
hydrogen and other noncondensible gases. Continued
operation of the spray system rapidly brings the
containment atmosphere into temperature equilibrium
with spray water. The hydrogen generation process
continues to inject hydrogen into the containment,
raising the uniformly mixed hydrogen concentration to
approximately 28.7 percent. However, the uniformly
mixed oxygen concentration has decreased to 4.4
percent, which is well below the generally recognized
limit for combustion.

2) Drywell Discharge

The initial period of a drywell discharge is different |h
than the initial period of an SRV release. The
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blowdown period causes the drywell to pressurize and to
eventually cleat the horizontal vents. This allows
s*2am and air to enter the suppression pool, where the
steam condenses and the air migrates to the containment
atmosphere. At the end of the Period 1 blowdown, it is
assumed that all drywell air has been transferred to
the containment and the drywell atmosphere is 100
percent steam.

During Period 2, hydrogen is released to the drywell
and eventually passes through the suppression pool to
the containment atmosphere where it is consumed by
controlled combustion. Figures (2)(ix)-36 through -41
depict the transient hydrogen and oxygen concentrations
in each of the subvolumes used in the HYBRID combustion
analysis. Figure (2)(ix)-42 shows the uniformly mixed
concentrations in the containment. Inspection of the
figures shows that at no time during Period 2 does
either the localized or the uniform hydrogen
concentration exceed 10 percent while the local
atmosphere is capable of supporting combustion.

(' ) Continued release of hydrogen during Period 3 raises
the uniformly mixed hydrogen concentration in the
containment to approximately 17 percent. The drywell
hydrogen concentration is approximately 6 percent. The
containment hydtogen concentration is above the 10
percent limit of the Hydrogen Control Rule. However,
the uniformly mixed oxygen concentration is 2.3
percent, which is well below the generally recognized
limit for combustion.

c. Equipment Qualification

The burning of hydrogen in the Black Fox Station
containment is expected to result in temperature spikes '

with high peaks but relatively short total durations. The
temperature time histories for various containment
subvolumes, as calculated by HYBRID, are shown in Figures
(2)(ix)-43 through -47 for the single point release case
and Figures (2)(ix)-48 through -52 for the drywell release
case. These containment subvolumes are defined in Table
(2)(ix)-6 and Figure (2)(1x)-68. No drywell temperature
time histories are provided because no burns occurred in
the drywell for the cases considered.

While the peak calculated temperatures are significantly
r- above the bulk or average values for the containment which

(_S/ have been used to establish the existing environmental
qualification limits for BFS, the effects of these
repeated, short temperature puPaum and the other
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environmental conditions created by the burning of hydrogen
need not disqualify the existing equipment .:or service in
the containment or drywell. This determination can only be
made oa the basis of detailed evaluations. The
qualification program will be developed and subed tted for

19NRC approval within two years after issuance of
construction permits for BFS. The results of the required
qualification program will be described in the FSAR. The
qualification program will consist of seven steps: } 19

Establish the criteria for equipment selection ande

identify the vital equipment list for BFS. The BWR
Hydrogen Control Owner's Group has directed the General
Electric Company to undertake this effort on a generic
basis. The results will be used as a foundation for
identifying BFS specific vital equipment. In

anticipation of the Owner's Group report, PS0 has
performed a preliminary review of BFS and established a
preliminary list of safety-related systems and
components which are located inside containment and are
necessary for achieving and maintaining the safe
shutdown of the plant and/or maintaining containment
integrity. All systems which are located, totally or
partially, inside the containment vessel were h
considered. Those preliminarily identified in Table
(2)(ix)-5 were selected on the following basis:

Function A--System or component must function to recover
the reactor core.

Function B--System or component must function to
maintain containment pressure boundary.

Function C--System or component must function to
mitigate the consequences of the post-accident events.

Function D--Systems components whose failure could
negatively affect systems or components identified as
necessary in accordance with Function (A) , (B) er (C) .

Function E-Systems or components whose function might
be desirable, e.g., to monitor the course of the event.

These systems and components, which will be reviewed for
potential exposure to post-accident environmental
conditions, are listed by function in Table (2) (1x)-5 :

e Calculate the environmental parameters. O is step wil.1
establish the transient temperature and pressure &
profiles. T
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e Determine the equipment parameters. This step will
establish the external equipment parameters (geometry,
composition, emissivity, etc.), the internal parameters
(geometry and composition), the present qualification
limits, the critical components and the expected failure
mechanisms, and the equipment environment (location,
existing thermal shielding, etc.) .

Evaluate the response of vital equipment to repeatede
hydrogen burns and document the qualification status of 19
the equipment.

e Compare the results of the analytical models with the
performance of equipment exposed to hydrogen flames.
PSo notes that tests recently completed at Fenwal
Laboratories on behalf of TVA indicate that typical
samples of equipment and materials normally used inside
the containment show resistance to the effects of
repeated hydrogen burns.

Take carrective action as necessary. Those vitale
equipment items for which qualification cannot be 19
demonstrated will be upgraded. Examples of possible
actions are:

- Improve the equipment's resistance to surface heat
transfer and pressure.

- Provide separate thermal shielding.

- Requalify critical components. 19

- Relocate equipment.

- Replacement of equipment with units of demonstrated
qualification. ;tg

e Qualification of the DIS igniters.

d. Containment Integrity

A preliminary evaluation of the current BFS containment
vessel, including vessel anchorage in the Reactor Building
foundation mat, indicates, based on the Hydrogen Control
Rule, that containment integrity will be maintained during
a condition of an internal pressure of 45.0 psig. This
pressure envelopes the peak calculated pressure generated
by an accident that releases hydrogen generated by the

J equivalent of a metal-water reaction which consumes 100
percent of the zirconium metal in the active fuel cladding
accompanied by controlled hydrogen combustion. The basis
for that conclusion is set forth in the following text.
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1) Description of the Containment

The containment vessel is a free-standing fixed and
vertical cylindrical steel pressure vessel with an
ellipsoidal head and a flat bottom steel liner plate.
The cylindrical shell is anchored into the concrete
foundation mat. The cylindrical steel shell is backed
by reinforced concrete in the suppression region to
mitigate structural response due to the hydrodynamic
effects of the suppression pool. The physical
dimensions of the containment vessel are as follows:

e Inside diameter of 120'-0".

Shell height to tangent of 153'-7".e

e Ellipsoidal head with a ratio of 2:1 with an inside
height of 30'-0".

The containment vessel, including all penetration
sleeves, welded attachments, and the reinforced
concrete backing in the suppression pool area are
designed to act as an independent structural component
within the Shield Building.

Anchorage of the containment vessel is accowglished by
extending the vessel shell into the concrete foundation

*

mat for an approximate distance of 6 feet.

Within the suppression pool area the bottom liner plate
is a leaktight membrane which is designed to resist the
hydrodynamic effects of the suppression pool. For all
other areas, the bottom liner plate serves as a
leaktight membrane. The liner plates are continuously
supported by the fcundation mat. The bottom liner
plate, except in the suppression pool area, is covered
oy concrete which forms the internal structures to the
Reactor Building ar.d which protects the liner plate
from the Reactor Building environment. A torodial
knuckle plate forms the transition piece from the
containment cylinder to the flat bottom plate in the
suppression pool.

Major attachments and appurtenances to the containment
vessel cylinder and head include two personnel air
locks, an equipment hatch, polar crane girder, fluid
and electric system penetratiort sleeves, supports for
internal framing and platforms, equipment and component
supports, and inspection platforms and ladders. ggg
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The base material for the vessel shell, stiffeners, and
the bottom liner plates conforms to SA 516 Grade 70.
For this evaluation, the vessel shell was assumed to
have a uniform shell thickness of 1-3/4 inch, which is
the maximum shell thickness permitted by the ASME Code
without post-weld heat treatment, and no external shell
stiffeners. The actual thickness of the vessel shell
and extent of the use of stiffening of the vessel will
be determined during the final design process. PS0
anticipates that the final vessel configuration which
accommodates the design conditions outlined in PSAR
Subsection 3.8.2 and these supplemental requirements
will utilize thinner shell thicknesses and vessel
etiffening to optimize the vessel design.

2) Applicable Codes, Standards, and Specifications

a) Codes, Standards, and Specifications. In order to
conform with the Hydrogen Control Rule, the
following codes, standards, and specifications are
used in this evaluation:

['') e ASME Boiler and Pressure Vessel Code, Section
''

III, Division 1,1980 Edition with Addenda
through summer 1980, Subarticle VE-3220, Service
Level C limits, except that evaluation of
instability is not required, considering
pressure and dead load alone.

ASME Boiler and Pressure Vessel Code, Sectione
III, Division 2,1980 Edition with Addenda
through summer 1980, Subarticle CC-3720 Liner
(Factored Load Category only) .

p
a
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3) Structural Acceptance Criteria

For this evaluation, the structural acceptance criteria
for the steel containment vessel are based on the
limits for primary stresses defined in Subarticle
NE-3220, Service Level C. The following allowable
limits are considered:

Prima ry Stress

General Membrat.e Larger of 1.2 S or 1.0 S
m y

Local Membrane Larger of 1.8 S or 1.5 S
m y

Bending plus Local
Membrane Larger of 1.8 S, or 1.5 Sy

Where:

S is the allowable stress intensity for the
sieel material

S is the minimum yield strength for the steel

gmaterial

The structural acceptance criteria for the bottom
liner plate are based on the allowables as defined in
Subarticle CC-3720, Liners, considering the allowables
for factored load conditions.

For concrete and reinforcing stec' in the Reactor
Building foundation mat and the reinfGrced concrete
backing in the supgrassion pool, the acceptance
criteria are based on the allowables as defined in
Subarticle CC-3420, Allowable Stresses for Factored
Loads. In particular, the allowable stresses for
compression, shear, and bearing in the concrete are as
specified in paragraph CC-3421. The allowable stresses
for tension and compr:ssion in reinforcing steel are as
specified in par & graph CC-3422.

4) Loads and Load Combination?

For the evaluation performed in response to the
Hydrogen Centrol Rule, the following loads and load
combinations are considered:

a) Containment Internal Pressure. The containment
internal pressure P ' is the pressure which
results from either"of the two following
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conditions, whichever produces the larger load
effect for the component being considered.

e Required Pressure. The minimum required
__

containment, static pressure is 45 psig.

e Calculated Internal Pressure. The calculated
internal pressure for the Black Fox Station
containment is the pressure which occurs during
an accident that releases hydrogen generated by
the equivalent of a metal-water reaction which
consumes 100 per cent of the zirconium metal in
the active fuel cladding accompanied by hydrogen
combustion. The pressure is a time-dependent
function. The pressure time-history is computed
using the methods discussed-in Section 3 and 5
of this response. The containment model
consists of six volumes: two in the suppression
pool and wet well region, two in the
subcompartment area directly above the
respective suppression pool region, one for the
volume above the refueling floor, and one for

("T the drywell. Pressure time-histories, based on-

\"''
'

the combustion analyses, were computed for each
volume for both the single release point and the
distributed (axially symmetric) release point
Cases.

Figures (2)(ix)-53 through (2)(ix)-58 show the
preliminary pressure time histories for the six
volumes inside the containment for the SRV
release case. The pressure wave forms are

. characteristically overpressure impulses of

i approximately 5 to 10 seconde in duration. The
maximum observed peak pressure is approximately
16.8 psig (31.5 psia) and occurs as the result
of a burn in the suppression pool area. The
pressure time histories for each compartment
during the period when this peak pressure occurs
have been superimposed and are presented on'

Figure (2)(1x)-59. The total period of the
impulse is approximately 10 seconds. The

! fundamental period of the steel containment
vessel is approximately 0.06 seconds.
Therefore, the relationship of the forcing
function to the dynamic characteristics of the
vessel indicate that the effect of the pressure

g impulse is quasi-static and can be compared4

s) directly to rae design pressure stipulated in
" Minimum Required Pressure" subsection d ? scribed,

above.

!
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In addition, inspection of Figure (2)(1x)-59
indicates that significant pressure
differentials, i.e., 1.0 psid, do not exist
between the various containment volumes.
Therefore, asymmetric pressure distributions due
to burning of the hydrogen are negligible. The
calculated peak pressure of 16.8 psig (31.5
psia) is below the required pressure of 45 psig
specified by the Hydrogen Control Rule.

Figures (2)(ix)-60 through (2)(ix)-65 show the
preliminary pressure time histories for the six
volumes inside the containment vessel for the
drywell release case. The pressure wave forms
are characteristically over-pressure impulses of
approximately 5 to 10 seconds duration. The
maximum observed peak pressure is 27.8 psig
(42.5 psia) in the containment and 29.3 psig (44
psia) in the drywell. Due to the dynamics of
vent clearing, these drywell and containment
pressure transients are separated slightly in
time, producing a maximum drywell-to-containment
pressure dif ferential of 5.5 psid which is
signific.ntly below the 30.0 psid design g|g
pressure for the drywell. These peaks occur as
the result of a burn in the containment region.
The pressure time histories for eae.h compartment
during the period when this peak occurs have
been superimposed and are presented in Figure
(2)(ix)-66 for the containment bu rn. The shape
of this curve is very similar to that resulting
from the SRV release, i.e., the pressure
time-histories are quasistatic and pressure
differentials are negligible. The calculated
peak pressure of 27.8 psig is below the minimum
required pressure of 45 psig specified by the
Hydrogen Control Rule.

b) Dead Loads. The deadloads (D) consist of the
following:

Weight of the steel of the containment vessele

and its appurtenances.

Crane weight.e

Empty weights of attached piping.e

Weight of electrical connections, mechanisms,e
ladders, and platforns contributory to the ||h
containment vessel shell.
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In addition, an equivalent hydrostatic pressure of
25 feet 10 inches in the suppression pool area,
corresponding to the suppression pool inventory
following the upper pool dump which occurs with the
Loss of Coolant Accident, is considered.

c) Load Cubinations. The following supplemental '

load combination applies to this evaluation.

(1) D + P,'

This load combination is considered in addition to
the requirements of the ASME Code, Section III,
Subarticles CC-3000 and NE-3000, and Regulatory
Guide 1.57.

5) Design and Analysis Procedures

a) Steel Containment Vessel. The analysis of the
containment vessel was carried out by using the
containment vessel model developed by Chicago
Bridge and Iron Company (CBI). This model is based

O on a proprietary finite element computer code, CBI
Program 21374, for the solution of problems
involving shells of revolution. This program
calculates the deflections, forces, moments, and
stresses for eac!. output point in the model.

b) Reinforced Concrete in the Suppression Pool Area.
The evaluation of the reinforced concrete in the
suppression pool area was performed using
finite-element computer code, Black & Veatch
Program 373. In this evaluation, shell elements
are used to represent the steel containment vessel
and axisy= metric quadrilateral elements are used
for reinforced concrete backing in the suppression
pool region. The program calculates the time
histories and thc. maximum vslues for displacements,
forces, coments, and stress for each output point.

6) Results

A preliminary evaluation of the Black Fox containment
vessel indicates that the containment integrity can he
maintained within the acceptance criteria out31ned in
Subsection C.2.d.3) (page 302) when the containment 19
vessel is subjected to the required pressure of 45
psig. As indicated above, the required pressure

O envetoes the effect ef the gea.. gressure ree 1 tins
from an event that releases hydrogen generated by the
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equivalent of a metal-water reaction which consumes 100
percent of the zirconium metal in the active fuel
cladding accompanied by controlled combustion.
Therefore, this preliminary evaluation satisfies the
requirements of the Hydrogen Control Rule Subpart (A)
to Hydrogen Control Rule (3) (v) .

D. DETAILED ANALYTICAL METHODOLOGY

1. INTRODUCTION

The analytical approach used to assess the performance adequacy
of the proposed DIS consists of three major parts. These are
discussed in detail in the following sections.

In summary, the MARCH computer code, supplemented by hand
calculations, was used to derive the mass, energy, and h- drogenj

release rates to be used. Using the hydrogen release rates as
input, the modified SOLA-DF computer code was used to evaluate
the potential for pocketing under idealized conditions and
without considering combustion-induced turbulence. The HYBRID
computer code was used to determine the pressure and
temperature response of the containment environment to

gcontrolled combustion.

2. HYDROGEN GENERATION RATES

PS0 has performed a preliminary parametric analysis and has
used the resulis of this analysis as a basis for selecting the

release rate shewn in Tables (2)(1x)-2 and (2)(1x)-3.

a. Computer Code

The only publicly available computer code to analyze the

combinedphenomenareactorheat-up, boil-off,andgydrogen
production under degraded core conditions is MARCH
MARCH was developed by Battelle-Columbus for the
Probabilistic Analysis Branch of the NRC Staff. The
development of the MARCH code is an extension of the
meltdown analysis work pgrformed by Battelle-Columbus for
the Reactor Safety Study in which the original BOIL
code, a subroutine of MARCH, was developed. Most of the
models used in the BOIL subroutine of MARCH are the same as
those reported in the Reactor Safety Study.

1) Descriptic of MARCH Model

The BOIL subroutine calculates core heat -up in an
accident where the fission-product decay heat boils the
water out of the pressure vessel and uncovers the h
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core. The reactor witer volume is divided into two
regions: steam and licaid. The core is divided into
small volumes or nodes. Calculations are performed to
determine the heat produced in each node by performing
heat balances between the fuel and coolant. A steam
boiloff rate and the water-steam mixture level in the
reactor core is also calculated.

The reactor core in the Black Fox calculations was
modeled in the BOIL subroutine using 10 radial and 24
axial power zones. The appropriate axial and radial
power distributions were used to simulate the axial and
radial region power peaking factors. Core nodes in the
mixture region are assumed to be well cooled. Nodes in
the steam space are convection cooled by the steam
boiling out of the mixture regions.

The BOIL subroutine models radiation heat transfer from
the top fuel nodes in the core to structures above the
core and from core nodes just above the mixture to the
water region. Four heat structures were modeled above
the core for the Black Fox calculation. These heat

(") structures represented the nonactive top of core; the
'' core shroud dome and steam separators; the steam dryer;

the reactor pressure vessel steel; and miscellaneous
piping. Three heat structures were modeled directly
below the core. These heat structures represented the
nonactive bottom of core; the guide tubes and shroud
support legs; and reactor pressure vessel steel.

2) Discussion of the MARCH Model

The MARCH computer code uses conservative assumptions
and approximations to model the behavior of a reactor
core and containment system undergoing a degraded core
accident. The result is that calculations using MARCH

| are expected to be conservative with regard to the rate

| and amount of hydrogen generated prior to significant
core degradation.i

The BOIL subroutine uses the Dittus-Boelter correlation
to model forced convection steam cooling heat
transfer. The Electric Power Research Institute (EPRI)
and the NRC have undertaken an extensive experimental

5program to determine the actual heat transfer
mechanisms and to establish both best-estimate and
licensingbasesformodegingcoreheat removel. The

rg results obtained to date indicate that for the
(m) conditions expected to exist in a core undergoing

significant hydrogen generation, the Dittus-Boetler
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correlation is conservative. That is, the steam is
expected to be more effective at cooling the rods than
predicted by the MARCH code and, therefore, the rate of
hydrogen generation should be lower than predicted.

The zirconium metal-water reaction rate is modeled in
the BOIL subroutine us
diffusion formulation.gng the Baker-Just gaseousIn each of the fuel nodes,
the metal-water reaction is generally a two-step
process which is initially controlled by the gaseous
dif fusion of water vapor toward the hot fuel rod and by
the gaseous diffusion of the hydrogen away from the
fuel rod. At a later time, as determined by the
diameter of the fuel rod, the thickness of the oxidized
layer, and the temperature of the steam and fuel rod,
the reaction rate becomes controlled by the solid-state
diffusion of oxygen into the cladding. The rate at
which the thickness of the oxidized layer increases
when solid-state diffusion controls is calculated by
the Baker-Just solid-state diffusion formulation. The
use of the Baker-Just diffusion correlations has been

found to predict twice the rate of hydrogen production
as obtained in experimental results

8
MARCH calculations generally predict that 30 to 60
percent of the active fuel cladding is oxidized during
fuel heat-up, prior to the time the core collapses.
The range of cladding oxidation results from
uncertainties in modeling assumptions and the type of

*fuel heat-up being analyzed. Additional cladding
oxidation may occur when the core collapses into the
lower plenum water of the reactor vessel. This
additional oxidation would occur very quickly and
generally does not produce a large amount of additional
hydrogen since the water in the lower plenum would
quickly cool the cladding, thereby quenching the
reaction.

b. Parametric Analysis

To evaluate the effects of break size on the hydrogen
generation rate, three different breaks were postulated,

2e A 0.163 ft steam line break, equivalent to a full-open
SRV.

| e A 2-inch steam line break.

A 1-inch line break equivalent in size and location to ge

an RPV instrument line, so that the blowdown would be w
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subcooled liquid until the water level had dropped below
the level of the break.

Cumulative hydrogen generation curves as a function of
time for each break are shown in Figure (2)(ix)-67, with
the times normalized to the start of hydrogen generation.

2The curve for the 0.163 f t break envelopes the other two
curves over most of the range.

3. HYDROGEN MIGRATION ANALYSIS

The possibility of' localized high concentrations of hydrogen
(pocketing) -in subcompartmented containment structures has been ,

identified as an item of concern in the Hydrogen Control Rule.
To address this concern, PSO has performed a preliminary
hydrogen migration analysis for the BFS containment. The
results of the analysis are presented in this response,

a. Objectives of the Analysis

e To determine the rate of hydrogen buildup in various
containment subcompartments.

O Tc evaluate the potential for hydrogen maldistributione
and pocketing.

e To provide a rationale for selecting the number and
location of igniters.

e To assist in developing an igniter control philosophy.

b. Computer Code

The evaluation of multi-component gas flows featuring both-
asymmetric (SRV) and axially. symetric (drywell vent)
discharges into a subcompartmented closed strgeture was
performed using a modified version of SOLA-DF , a public
domain solution algorithm for nonequilibrium two-phase
flow. In short, SOLA-DF is a finite difference code which
uses the implicit continuous fluid Eulerian method to solve
the mass, momentum, and energy equations which describe the
system under evaluation. To provide a more complete and
flexible analysis of the hydrogen migration problem, the
original SOLA-DF code has been modified to include
three-dimensional capability, rectangular as well as
cylindrical coordinates, and the necessary constitutive
relationships to describe the behavior of hydrogen-air
mixtu re s.-

.
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For each of the cases described below, the containment was
the area of interest, since the drywell is ef fectively
sealed to ordinary gaseous inflows. Hydrogen gas (all
steam was assumed to be condansed) was released at a
temperature of 100* F into an initially quiescent
atmosphere also at a temperature of 100* F. No heat
transfer between the air and the various structures or the
suppression pool was permitted. The release rate for
hydrogen was the same as that used for the combustion
analysis. The area of release for the single point release
was twice the circumscribed area of the SRV quenchers, or
about 160 160 ft .

The dispersive effects of buoyancy, momentum, convection,
diffusion, temperature, pressure, and gravitation were
included in the analysis. Turbulence induced by the sprays
and the controlled combustion of hydrogen were not included
in this analysis. Neglecting these effects in the
migration analysis is a conservative assumption as these
effects are expected to increase hydrogen cispersal and
thereby further reduce the potential for local pocketing.

PS0 has performed a high temperature release analysis, in
which a " hot" hydrogen release was simulated by discharging
the hydrogen at 1642* F into an atmosphere at 100* F. The
upward velocity of the hydrogen increased by a factor of
about 3 over the low temperature case and horizontal
dispersal was reduced.

c. Description of Completed Cases

To me e t the objectives of the preliminary analysis, the
following cases have been evaluated:

e Three-dimensional evaluation of pocketing due to
grating in the annular volume between the suppression
pool and the refueling floor resulting from single point
discharge of hydrogen gas in thermal equilibrium with
the suppression pool,

Three-dimensional 360 degree evaluations of thee

containment without fans operating. A single point
release under the RWCU equipment area was simulated.
For the drywell release case, uniform discharge through
the vents was simulated.

Three-dimensional, 90 degree evaluations of the annulare

region for three single point releases. These were the
RWCU equipment area, the Main Steam Tunnel area, and the
Equipment Removal Hatch area. These finely nodalized ||h
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studies provide a detailed evaluation of the pocketing
potential in both open and congested areas.

4. HYDROGEN COMBUSTION ANALYSIS

The BFS containment pressure / temperature analysis was done
using the Computer Code HYBRID. The HYBRID code models the
suppression pool and vent flow between the drywell and
suppression pool. Other features of the-code include a
variable heat transfer spray model, entrained water fallout
model, heat transfer to specified heat sinks, and the
simulation of-various engineering safeguard equipment such as
fans and heat exchangers.

HYBRID can staulate the multicomponent (H , 0 , N , and2 2 2
CO ) gas and two-phase fluid transfer between compartments2
due to the burning of hydrogen and/or due to the mass and
energy release from a pipe break. 'The computer. code can
simulate multicompartment (up to 100 volumes) transient
pressure and temperature responses and track the distribution
of the noncondensible gases.

(} The model used to determine the pressure / temperature responses
due to controlled burning by the DIS was a multi-node.model
which divides the BFS Reactor Building into discrete volumes
based on flow area and natural divisions to flow. The nodal
diagram is presented on Figure (2)(ix)-68 and the associated
volume descriptions are given in Table (2)(ix)-6. The HYBRID
model contains six compartments, a suppression pool at the | 19bottom of Volumes 5 and 6, vents connecting the drywell to
Volumes 5 and 6, containment spray with spray carry-over and a
vacuum breaker simulation.

The flow paths connecting the compartments are represented as
shown on Figure (2)(1x)-68 by arrows pointing in the direction
of allowed flow. The junction (flow path) parameters are
presented on Table (2)(ix)-7. The junction 11ow areas
represent the minimum flow area of the connecting
compartments. The junction loss coefficient calculations were

done by eygluating the obstruction losses using the handbook by
Idel'chik Included in the loss coefficient calculations.

are the losses through grating and other losses due to

miscellaneous obstructions. Effects of flow inertia were also
included in the HYBRID calculations.

The vents and suppression pool and related parameters are shown
in Table (2)(1x)-8. Included are the total volume of water at
the normal water level, pool surface area in the wet well and

Os drywell, normal pool height above basemat floor, and the
drywell weir height above the normal water level. Other
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related parameters include specifications for the vents,
drywell holdup volume and upper pool dump parameters.

The drywell vacuum breaker is represented as a one-way flow
path in the diagram presented on Figure (2)(ix)-68. The
drywell vacuum-relief line opening is a function of the vacuum
breaker valve, butterfly valve, and associated controls. At
2.0 psid (containment to drywell), or at 0.2 psid (containment
to drywell) if the drywell pressure is above 2.0 psig, a signal
is generated to open the butterfly valve. After a 3 second
delay, the butterfly valve opens within 5 seconds and remains
open until closed by operator action. Once the butterfly valve
is open, the vacuum breaker valves are activated. At 0.2 psid
(containment to drywell) the magnetic latch on the vacuum
breaker valve releases and the disc immediately swings wide

2open. The disc remains fully open (area is 0.5475 f t ) until
the differential pressure falls to about 0.1 psid. Below 0.1
psid, the disc is partially open until it reseats at
approximately 0.02 to 0.03 psid. The equivalent loss
coefficient for the vacuum-relief lines is 5.51.

The containment spray system parameters used in the BFS HYBRID
calculations are presented in Table ( 2) (1x)-9. The spray is
released from two spray rings located in the containment dome. g
The inner ring is located approximately 59 feet above the
operating floor and the outer ring is located approximately 48
feet above the operating floor. The spray falls from the spray
rings through the containment dome until the spray pattern is
disturbed by various obstructions. The se obstructions consist
of storage pools, the reactor well, dresell head storage area,
reactor head storage area, RWCU heat exchanger removal hatches,
and gratings. Part of the spray will collect in the upper pool
and is assumed to drain directly into the suppression pool. A
large part of the spray will strike the obstructions and
agglomerate forming large masses or sheets of water which
either flow directly down ir.to the lower compartments or run
down the walls of the compartments. It is assumed for these
calculations that a small fractiou of the spray remains as the

i

initially specified spray droplets and the effective carry-over
'

spray flow fraction was conservatively estimated at 10 percent.

The passive heat sinks used for these calculations were the
containment steel shell adjacent to the containment and
associated compartments and the concrete and steel in the
d rywell. Only steam condensing heat transfer was taken into
account, using the Uchida correlation. Radiant heat transfer
was not considered in these analyses. Neglecting radiant heat
transfer produces higher compartment temperatures +.o minimize
the heat transfer to the structures, as was done in these
analyse s. ||h

!

,
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PSO RESPONSE: 10 CFR 50.34(e)(2)(ix)/(3)(v)

,
'

Two analyses were performed to determine the effectiveness of
the DIS to reduce the hydrogen concentration, namely the
stuck-open SRV which releases the hydrogen directly into the
suppression pool, and the same release directed to the drywell
(see Figure (2)(ix)-68 for release points with respect to the

HYBRID burn model). The mass and energy release rates-for
water and hydrogen used for both analyses are presented in
Tables (2)(ix)-2 and (2)(ix)-3, respectively.

The results of the HYBRID burn analyses are presented in
Section C. of this response.

1

'

;

!

4 O

1

h

5

'

O
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TABLE (2)(ix)-1 |
LIST OF TOPICS TO BE ADDRESSED !

IN EVALUATION TO BE SUBMITTED TO NRC
'

TWO YEARS AFTER ISSUANCE OF CONSTRUCTION PERMITS

1. Hydrogen Generation Rates,

2. Igniter Performance

3. Spray Effectiveness

4. Hydrogen Mixing

5. Accident Sequences

6. Combustion characteristics 19
i

7. Single Failure Assumptions

8. Sensitivity Studies on Hydrogen Burn Analysis

9. Potential and Consequences of Local Detonations

10. Analysis to Demonstrate That Containment Pressure
Will Not Exceed Service Level C Limits

11. Equipment Qualification

1

<

l
a

)

e

i

1

d

,

O:

I
,
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'

TABLE (2)(ix)-la 19
REVIEW OF COMPLETED, ONGOING, AND PLANNED TESTS

Conductor Sponsor Status Goal

TVA TVA Completed Examine performance of GM glow
and plug, and conduct life-time
Ongoing tests on various igniters.

Fenwal AEP/ DUKE /TVA Completed H combustion tests2
designed to look at canditions

'

simulating in containment
environment (mostly quiescent
chamber tests)

4

LLNL NRC Completed H combustion tests to look2
at LFL under high steam
loadings in a well-mixed
quiescent chamber.

AECL EPRI/AEP/ Ongoing Effect of turbulence on H 2
DUKE /TVA combustion; igniter

effectiveness studies (mostly
well-mixed chamber tests)

HEDL EPRI/AEP/ Ongoing Mixing, stratification, and
DUKE /TVA distribution of H2

following LOCA sccident (very
large chamber but not

combustion)

ACUREX EPRI/AEP/ Ongoing Igniter location effect during
ACUREK/ DUKE / dyuamic injection of H ;2
TVA suppression characteristics of

; microfogs during dynamic
injection of H ; equipment2
survivability.

SANDIA NRC Ongoing Basic and applied research
into H2 combustion; effects
of microfogs in well-mixed

! quiescent chambers.

FMRC EPRI/AEP Ongoing LFL of H in the presence of2
DUKE /TVA microfogs.

VARIOUS TEC (IDCOR) Planned Develop adequate technological
basis for decision making for
Degraded Core Rulemaking.

O
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TABLE (2)(ix)-2
BLACK FOX REACTOR COOLANT MASS AND ENERGY RELEASE RATES

Time Mass Release Rate Energy Release Rate **
(Min) (lbm/ min) (Btu / Min)

4 70.0 1.36 x 10 1.62 x 10
.106 2.48 x 10' '2.95 x 10 7

75.94 2.48 x 10 2.95 x 10
6.0 1.51 x 10' 1.83 x 10

10.0 1.29 x 10' 1.54 x 10
14.0 9.31 x 10 1.16 x 10

618.0 5.8 x 10 7.80 x 10
3 022.0 3.77 x 10 5.40 x 10

626.0 2.61 x 10 3.92 < 10
3 630.0 1.88 x 10 2.96 x 10
3 034.0* 3.58 x 10 4.27 x 10

638.0 4.82 x 10 5.76 x 10
642.0 6.15 x 10 7.34 x 100' 3 e46.0 7.19 x 10 8.59 x 10

3 6~50.0 7.98 x 10 9.53 x 10
054.0 7.21 x 10 8.61 x 10

3 658.0 7.54 x 10 9.00 x 10
3 662.0 6.62 x 10 7.90 x 10
3 670.0 4.96 x 10 5.92 x 10

084.2 4.91 x 10 5.86 x 10
3 684.21*** 2.09 x 10 ?.50 x 10

' 3 0150.0 1.65 x 10 1.97 x 10
!

* March output modified at 34 minutea to include enough ECC flow to
remove energy produced by decay heat and metal-water reaction.

i

**The fission product decay heat was not identified separately since the,

total decay heat was included in the energy release rates.
' *** Hydrogen generation ends.

O:

4
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() TABLE (2)(1x)-3,

'

BLACK FOX HYDROGEN RELEASE RATES AND TEMPERATURES

Time Hydrogen Release Rate Temperature
(min) (lbm/ min) (F)

'

O.0 0.0 534

-318.0 1.47 x 10 772

26.0 .449 1,001

30.0 1.2 1,240

34.0 14.8 1,642.0*

38.0 38.4 1,642.0

42.0 63.3 1,642.0

46.0 82.7 1,642.0

50.0 97.9 1,642.0

' 54.0 85.3 1,642.0

58.0 92.0 1,642.0

1 62.0 76.4 1,642.0

l 70.0** 48.5 1,642.0

84.2 48.5 1,642.0

; 84.21 0.0 1,642.0
;

150.0 0.0 1,642.0

.

* Hydrogen temperature was assumed constant when core begins to melt.
,

>

**At 70.0 minutes the metal-water reaction becomes severely limited by
the amount of flashing steam. From this point onward, the reaction rate
was assumed to be constant until all of the active zirconium clad had
reacted.

;

O
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TABLE (2)(ix)-4
BLACK FOX STATION BASE CASE COMBUSTION PARAMETERS

Hydrogen Lean

Volume percent H2 for initiation 8.0 percent

Volume percent 02 for initiation 5.0 percent

Volume percent H2 for propagation greater than 0.0 percent
(upward), greater than
9.0 percent (horizontal
and downward

Flame speed 6 feet per second

Burnup (of available hydrogen)* 85 percent

Burnup (of available oxygen)* 100 percent

Steam effects Dilutent only**

Oxygen Lean (Dry Well Only)-

Volume percent H2 for initiation Less than 90 percent

Volume percent 02 for initiation 5.0 percent

Volume percent steam for initiation Less than 60 percent

Flame speed 6 feet per second-

Burnup (of available oxygen)* 100 percent

a.

*For individual ignitions, stoichiometry is maintained. For example,
if there is sufficient oxygen to initiate a burn but insufficient to

consume all available hydrogen, the total burnup is limited by the
available oxygen.

** Steam and water vapor are treated as dilutents for combustion
purposes. The effects of water as a heat-absorbing material are
included in calculating the pressure and temperature response.
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' TABLE (2)(1x)-5

SYSTEMS, COMPONENTS, OR STRUCTURES REQUIRED FOR
SAFE SHUTDOWN AND MAINEAINING CONTAIPMENT INTEGRITY

,

!

System Function *,

i (A) .(B) (C) (D)- (E)

Automatic Depressurization System X X

RHR System
'

Containment Spray Mode X

Suppression Pool Cooling Mode X

; Shutdown Cooling Mode X
.

{ Standby Service Water System X

{ Containment and Reactor
Isolation Systems X- X

Containment Vacuum Relief X

Drywell Vacuum Relief X

Suppression Pool Makeup- X

MSIV Leakage Control X
'

Distributed Ignition System X
'

Hydrogen Recombiners X.

.

: Post Accident Monitoring System ** X
! Containment Atmospheric
j Monitoring System X

High Pressure Core Spray X;

Low Pressure Core Spray X
,

Electric Power Distribution (Cable) X

I Standby Gas Treatment System X

:

i.

!

I *The functions A, B, C, D, and E are defined in the text of Section
! C.2.c.

** Examples of desirable post-accident monitoring instrumentation located,

) inside containment include: containment pressure, reactor water level,
j suppression pool water level, and hydrogen monitoring instrumentation.

i O
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I'h TABLE (2)(1x)-6
BLACK FOX COMPARTMENT DESCRIPTIONS

Volume Relative Initial
!Jamber* Volume Temperature -Humidity Pressure Description

(F) (psia)
(ft )

1 551,628 90 .70 14.7 Containment Dome Above
El 666'-5"

2 274,310 135 .70 14.7 Drywell

3 142,911 90 .70 14.7 Containment between
El 610'-4" and El
666'-5" from Az.
46 degrees to Az.
314 degrees

4 49,587 sd .70 14.7 Containment between
El 666'-5" and El
610'-4" from Az.
314 degrees to Az.
46 degrees

5 126,115 90 .70 14.7 Containment betweenp/
El 610'-4" and top ofs.-

water from Az. 46
degrees to Az. 314
degrees

6 43,759 90 .70 14.7 Containment between
El 610'-4" and top of
water from Az. 314
degrees to Az. 46
degrees

*See Figure (2)(ix)-68 for nodal diagram.

!
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TABLE (2)(ix)-7
DESCRIPTION OF BLACK FOX JUNCTION PARAMETERS

i. Junction Volume to Volume Minimum K ** K **
Number * d N NArea L/A, ft"

(f t )

1 1 3 1,251 3.05 3.25 .0288

2 1 4 402 3.05 3.25 .0879

| 3 3 5 1,053 1.84 1.72 .008

4 4 6 366 1.84 1.72 . 0 23

5 3 4 251 .434 .370 .233

6 5 6 388 .042 .040 .161

O

* See Figure (2)(ix)-68.,

** Loss coefficients are based on minimum area.

|
|

l
i

F

!

|

|

!
l

{
.

Ot
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O TABLE (2)(ix)-8
BLACK FOX SUPPRESSION POOL AND RELATED PARAMETERS

Pool Water
.

Density (lbm/f t ) 62.2
3Volume (f t ) 133,672

Temperature (F) 100

Heat capacity (Btu /lb-F) 1.04

2Pool surface area in wet well, ft 5,899
2Pool surface area in drywell, ft 482

Normal pool height above basemat floor, ft 20.2,

Weir height above water level, f t 5.92

Vents Row 1 Row 2 Row 3

Mimber of vents 40 40 40
aFlow area per vent, ft 4.12 4.12 4.12

Vent length, ft 5.0 5.0 5.0

Water depth at vent bottom, f t 8.4 12.9 16.3
Equivalent vent length added for
inertia effects, ft 2.86 2.86 2.86

: Turning loss coefficient 1.2 1.2 1.2
'

Dry Well
__

Hc1 dup volume *, ft8 44,855
2Holdup surface area, ft 2,836

,

i Upper Pool **

; Volume dumped to suppression pool, ft 34,150
Dump time, minutes 6

Water temperature, F 100

* Net f ree volume below and inside top of weir wall in drywell.
i -

**The upper pool will be dumped automatically 30 minutes after a LOCA or
after a LOCA when the suppression pool level drops to low-low water level.
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TABLE (2)(ix)-9,

BLACK FOX. SPRAY SYSTEM PARAMETERS,

Flow rate, pm per spray loop 5,250 (See Note 1)
Temperature, F 132

Drop diameter, microns 350 (See Note 2)
'

Fall time, seconds See Note 3r

2Beat transfer coefficient, Btu /h-ft -F See Note 4
Containment dome to lower

I compartments carry-over fraction .1
Initiation See Note 5
Time to attain full flow, minutes 3

Termination Operator Action

i

i
~

Notes:

1. Only one loop was assumed' operational for these calculations.

2. The arithmetic mean drop diameter for a Spraco 1713A nozzle.[)
3. Fall time is dependent on local conditions in the compartment and,

height of compartment.

4. This value is based on the local conditions of the compartment.

; 5. Spray initiation is when 10 minutes have elapsed after the drywell
i reaches 2 psig, or the spray will be automatically initiated if the

containment pressure is greater than or equal to 9 psig, or manually
initiated by the operator.

,

i

!

4

4

1

O
d
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