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YY 1W4, preooted to Flectric Operator I and asalened to the

l-e-tric Division as a brushmn end viper.

Nov--.er 1947 prowted to Electric Operator A and assigned

se a p1lerymn to assist the high tension control board

operators on high tenaion switching.

Feb•wy .950 pr-ooted to Sr. Electric Operator C arn

azzlued to electric rainteranee of V-,. 9 and 10 high pressure

unit equipcent.

Sep3eaber 1951 promoted to Electric Mechanic A and assitmned

to cainterance of all station eleetric equipment.

IoY 1953 transrerrel to Astoria Station in training for the

operation of thia nev plant.

October 1953 title c&=ed to Onerating t-Secanic and

ases ined to the operation and maintenance of stean and
eli.ctrie nxmiliary equiment..

Decener 19.55 promoted to Operatcr D arA 6ss31gned to No. I

and 2 Unit Corntr-A Feeo, operatin- the contrc.ls for tU*

tur-to-Conert.tor, toilers and associated euxiliaries.

Sepitexer 195- przeated to Operator A assigned in charge of

the :o. 1 and 2 unit control boird,

No-re.-ber 19(0 transferred to Indian Point Station with the

titLe of Operator A. In 1kýl aided in pre3ia.wary testing of

eqxLIt and attended trainiu- 6chool for reactor operators. In

19&Zw and 1963 added in syste=n testing, fuel nasembly, fuel loading#

and inltitLl facilety startup, arA trained as operatcr on the controls

of the nuclear plant under the supervision of a licensed facility

opextor. Since o~wtaining operator license on July 5, I-..,3 ban been
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ifumtioning an a licensed operator in the =oIp-Antion of the

controls or the rcitty.

JulY 5, 19(.3 recei'vet an Operator's Licenau ror Indian -point

Unit No. 1.

October *, La'. receivwd a Senior lReactor Operator Licenre for

IrAlinn roint Unit No. 1.

Pr%=LA~tet1 to Watch Fore~Jan %.n i3o,1-c~b 22, 9a

PVwted to Genral W•ateh Forc=n on Jn.unry 1, 19t•.
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George S. Case, Jr, - Production Engineer

Edu cation:

Iona Prop., New Rochelle, New Yobek from 1950-1954

St. Bonaventure University, St. Bonaventure, N. Y,

from 1954-1959

ExperieMce:

June 1967 to Date - Consolidated Edison Company of

New York, Inc.

June 1967 - £ý-loyed as Production Engineer.

Assigned to Major Haintenance Bureau. Placed

in charqe of 100 maintenance r-achanics at

East River Station for Boiler, Turbine overhaul

and Capital Work.

November 1967 - Transferred to 1-udson Avenue

Station. Assum-d charge of 125 man Oaaintenance

force - Boiler & Tuzbine cvere,:%'.± wor

January 1968 - Apr!l 1968 - Assiqned to various

repair jobs at Arthur Kill. Ravenswood and Hudson

Avenue.

April 1968 - Transferred to Major Maint:.'nance

Bureau Office. Assigned as Assistant to General

Supmrinteitdent of Bureau of Critical Path Planning,

Scheduling and Haterial Frocurement for Turbine and

Boiler overhauls. Conducted Bureau Liaison with
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General Electric, Westinghouse and Ccmbustion

Engineering. Aided with %manpower Ailocation

(550 man bureau) and personnel relations.

Represente- General Superintendent at Bureau

llead'n metings in his asence. Worked up

annual budget forecasts for Bureau. Assembled

proposals for Bureau streanlininco. modernization

and cost redaction.

As collateral duty handled all repair. c&y-

dodking and maintenance of Con EWi _on oil

barqe fleet in accordance witb Coast Guard

requirrentn.

January 1970 - Transferred to Indian Point

Station. Assiqmnd to Unit tzo. I for Inst" xon

and Licensing.

March 1970 - Assiqnod to Unit No. 2 at Indian

Point. Present aasigqn.'ant includes adaptation

of Quality Assurance rejutrements to the station's

needs ;n areas of in-service inspection, maintenance

work, material procurement (spare parts) and record

keepinq. In addition har, been asniqned to develop

test procedures for test co---mittrzents noted in

FSAA and attend clansos of instruction for Operator

Licendnqn on Unit,~o 2.

Q 12.1-63 Supplement 12
7170



March 1963 - June 1967 - General Dyna-.AC/Elect=ic Boat&

Groton, Conn.

March 1963 - March 1964 - Assiqned to S5W Project

as Design Liaison and Reactor System Test Engineer.

Perforned Liaison wrk on 4 reactor systems under

construction and performed hydrostatic tests on

2 F-r-acL x plants un'1exgoirwt overhaul. Com-pleted

training course on SSW Re~actor Plant (Evenirn

session)

March 19V'4 - Februýryv 19fi. - Sonior Engineer and

Electric 24oat m•bnber anni Chairman of Joint Test

Group for Reaztor 3y-stem Repairs and Tests on

4 consecutive availabilities. Coordinated all

reactor y-stem work thb-ouqh critical path

plannLnq and schedulinq. Wrote required test

procedures and supervised shift test engineers.

Arranged for written procedures -whero required

for Reactor Systein Quality Assur,%nce.

Febr-.ury 1966 - June 1967 - Project Officer for

Major overhauls (included prinmry system de-

conta.-inateCon and re uelir.-) of SSW Reactor

Plants. Responnible for screening all U.S. Navy

Work Sp-cificationw and promulgatinq all authorizing

paperwork requirc' to accomplish overhaul work on
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Reactor SymtCes. This included initiation, and

authorization ofý material purchase orders, rua-ty

assurance procedures, special blueprints. Assisted

Planninq Department in maintaining critical paths.

Supervised design liaison work.

1 Soptember 1959 - -eptember 1962 - Boston Haval Shipyard.

Boston, Majabhusotty

Assigned to Production Department as a Ship

Superintendent. Was responsible for co-ordinaticn

of shipyard trad-o to effect timely co=pletion of

thirty-two naval ship availabilities. Availabilities

ranged thrr-iqh cozversions, ovorhauls, repairs and

outfittinqs covering main propulsion and auxiliary

machinery, drydock work. sonar installationsguided

missile emd electr, nic quidance system modifications,

gun mount and fire c-trol systems overhaul.
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Brendan T. Moroney - Production Engineer

Education:

Bishop Lougblin H. S.. Brooklyn. N. Y. 1953-1957a

Graduate.

Holy Cross College, Worcester, Hass., 1957-1961,

Experience%

0

June 1961 - August 1969, Officer, United States Navy

1961-1963 - Division Officer, Co~aunications

1963-1964 - Staff C=-anications and Personnel

Officer, Destroyer Squadron

1964-1965 - US1, Msclear Power School at Hare

Island and SIC Prototype at Windsor.

Qualified SSW & SIC Reactor Operator.

1965 - USN, Submarine School at Now London

1966-1969 - USS Haddock (SSW), Reactor Control

and Electrical Division Officer

August 1969 to present - Participating in Indian Point

Unit No. 2 Start-Up Program. Incliding preparation of

,ritten systen detaripticns, plant operating procedures

and active involvement in all pbhaes of the pre-operational

test program. Attendance at formal facility educational

and training lectures.
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%MI04 12.2 %-RMEW PROCEM-RES

1. Det•sate those safety related operations for which written procedures
UL be requiLred.

2. Describe the review and approval procedure for all uritten procedures,
including the neans for assuring that these procedures havs been dis-
tributeO, read, a&d understood by the appropriate operating personnel.

1. In addition to detailed written procedures covering overall plant

operations and individual systes operations; written procedures

iUll be developed for certain operating conditions of an e-ergency

or infrequent nature which ray occur. These procedures wili

establish a" nearly as possible the course of action to be followed

In these situations. Operatioms viii be in substantial accordance

with the procedures and will always be ia accordance with the basic

destin parameters and Iitations to vbhlch t~t'e affected and associated

system. vere designed. Specific procedures that vill be written to

cover these emergenvy or infrequent operating conditlons are as follc'xv

1. Loss of Reactor Coolant

2. Ste=n Feedwater Line Break

3. Stean .,enerator Tube Failjre

4.. Station Blackout Operation

S. Control Room inaccessibility

6. Loss of Componcnz Cooling Loop Flow

7. Drop ef a Full Length ,CCA

8. Loss of Reactor Coolant Flow

9. Coc:;went Cooling Loop Pipe Break

10. Phlfunctioning Rod Position indicator

11. Continuous Rod Withdrawal

12. Malfunctioning Rod Cltmter Control

13. Nhiclear Instrwumntation Walfunction

14. High Reactor Coolant Activity

L•. Malfunction of Pressurizer Power Operatod Reijef or Safety Valves

q 12.2-1 Suns7)?r-nt 210 -*6,ý



16. High Activity - Radiation Monitoring System

17. Halfuncelott of Residual Heat Razoval Loop

18. Failure of Spcnt Fuel Pit Cooling

19. Malfunction of Reactor Control System

20. Emergency Boration

21. Malfunction of Reactor Control

22. Letdown and Charging Une Out of Service

23. Malfunction of Reactor Coolant Pump Seal

24. Plant Flooding
25. Emergency Shutdown

26. Isolation Valve Seal Water System

27. Steam Generators - Blowdown System

28. Auxdliary Feedatcr System

29. Condenser Air Removal System

30. Condensate Syst-a

31. Service Wateer and Cooling Water Systems

2. Written procedures are being developed by the Unit No. 2 startup group

as part of the overall training effort. Inclwdrd in this group, all of

which hold Senior Reactor Operators licenses for Unit No. 1, are certain

key staff personnel and those who wili assume ULttt No. 2 Watch Foretan

and control room •perator responsibilities.

Once a procedure has been developed, it will be given a thorough review

within the group for accuracy and completenesz before subaittaL to the

Gcneral Superintendant and Nuclear Facilities Safety Cocmmttee for

final approval.

Approved procedures will be distributed to all licew!ed Reactor and

Senior Reactor Operators and vliL also be raIntained at various key

operating locations within the facility such as the General Watch

For=emns Office, the Central Control Room, etc. Distribution of

procedus.es will be effected by means of a formal :istribution liet
which will be kept up to date by the Station otfice force.

Supple=ent 2
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It will be the prime responsibility of each Unit No. 2 Watch Foreman

to assure himself %hat all watch personnel direct1? responsible to him

haft read tua procedures and are thoroughly cognizant of their contents.

From time to time, it is expected that epecLfLc operating instructious

u.-ill be needed to accomplish certain operating needs. Such Instructions

rill be considered as suppl~ental to the basic operating procedures, and

will be issued to the operating pe.t--l after rY.iew and approval by

the General Superintendent and appropriate cez-utrs of his operating

staff. Deviations from or rodifications to the ba3sc operating

procedures, however, will only lie mde following revieu and approval

by the Gwneral Superintendent and the Nuclear Facilities Cafety

Cvcn--ttee.

0
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QU.MIO, 12.3

Provide the following infornation relative to the Nuclear Faclilizy
Safety Cmittee:

I. Define the required quorum fo- the coemittee to condutt its
business.

ANSWER

A majority of •he full coimittee members which shall include the

chairman or che Vice Chairman and of which a minority are from the

Nu=lear Powir Generation Department shall constitute a quorum for

meatings of the full committee.

Q 12.3.1-1 Stipplement 12
7/70



I-

QUflSTT.06 32.39

Provide the following -.nformation relative to the Nucler Facility
Safety Corittee:

2. Define the critekia to be used for comltiLee membership.

ANSWER~

Mcsbersh.p

The Committee shall have a memberst, ? of at least 12 persons of

which a majerity are independent of the Nuclear Power GenerAtion

Department and shall include technically competent persons from all

departmant, of Consolidated Edison havin8 a direct interest In

nuclear plant d&sign, operation or in nuclear safety. The Ch,'irman

and Vice Chatrmdn will be Senior Officials of the Company experienced

in the field of nuclear energy.

The Co=Ittee shall consist of:

The Chairmean who shall be appointed by the Chairman of the Board

or the President of the 'ompany.

The Vice Chairman who shall be appointed by the Chairman of the

Bonrd or the President of the Company.

The Secretary wh" shall be appointed by the Chairmen of the

C•qittee.

The following Somittee Kembers shall be lesignated by the Vice

Presideut of the Company who is responsible for the functionic,6

of the departownt or position stated below with the approval of

the Chairman:
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Tha Radiation Safety Officer of the Company.

A medical doctor from the Medical Department having experience

in nuclear medicine.

A repreaentative from 1he Mechanical Engineering Department

having experience in nuclear engineering with special emphasis

on reactor physics.

A repreentcative from the Nuclear Power Generation Departzent

hmving experence in nuclear chemistry.

An engineer from the Fuel Department having experience with

nuclear fuel.

An engineer from the El~actrical Engiueering Department having

experience in electrical engineer-sng related to nuclear power

plants with special emphasis on instrumentation and control.

An engineer from the Hechanical Engineering Vapartment having

experience in mechanical engineering related to nuclear power

plants with special emphasis on heat transfer.

A representative from the Civil Engineering Department having

experience in environ•neftal engineering.

A lawyer fron the Law Department who shall be familiar with legal

matters affecting nuclear power plants.

The Manager of the Nuclear Power Gcreration Derartvent.

I'he Manager of the System Operation Department.

Q 12.3.2-2 Supplement 12
7/h)



The Reactor Engineer at the Indian Point Station. 0
Outside consultants an required, appointed by the Chairman

vIthout the right to vote.

The Nuclear Plant General Superintendent as a participant

vithout the right to vote.

Each awber will destgate a permanent alternate to serve in

his absence. The name of the alternates will be filed with the

Chairman. Only the permanent member, however, will hiave the

right to vote.
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QUESTION 12.3

Provide the follcU ing Information relative to the Nuclear Facility
Safety Coamittee:

3. What will be the minimum meeting frequency of the
Coamittee?

ANSWER

Hinimum Heeting Freguency

The Cocmittee sha;1 meet not less frequently than quarterly.

and at more frequent intervals at the call of the Chair=n or

In his absence the Vice Chairman, as requirad.

e
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QUESTION 12.3

Provide the following information relative to the Nuclear Facility
Safety Committee:

4. Describe rore fully the specific functions and responsibilities
of the committee.

ANSWER

The Co•-ittee will:

Not less than once each year audit and report the adequacy of

all procedures used in the operation, maintenance and environmental

mnitoring of each nuclear power plant. The audits will include

onsite inspections and verifications th,,t procedures are adhering

to the Operating Licenses and Technical Specifications.

Review and .,eport upon each emergency or !nfrequent condition relating

to nuclear safety including as a minimum those abnormal occurrences

defined In the facilities Technical Specifications.

Review and report upon the adequacy of all proposed changes in

plant facilities or procedures pertaining to the operation,

mainteuance and environmental monitoring having safety-significance,

or which may constitute an "unrevLewed safety question" as defined

in Part 50, Title 10, Code of Federal Regulttions.

Review and report upon the adequacy of nuclear safety provisions

for all tests and expertments and results thereof, when such

tests or experiments may constitute an "unreviewed safety question"

as defined in Part 50, Title 10, Code of Fedarnl Regulations.

Conduct not less than quarterly unannounced spot inspections of

plant and monitoring operations and report the results thereof.
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Review and report upon any activity, the occurrence or lack of

rhich may affect the safe operation of the nuclear plants.

Review and report upon all proposed changes to the Technical

Specifications or licenses.

At the request of the Nuclear Power Generation Hanager

or a Nuclear Plant General Superintendent the Coamittee will

be promptly convened to review and act upon those nuclear

safety matters deemed essa2ntial to the safe operation of the

facil ity.

The fluc) ar Facilities Safety Committee is constituted to

advine the Executive Vice Presiden~t, Central Operations,

concerning the safety aspects of the operation of the nuclear

power facilities. The Committee shall report to the Executive

Vice President, Central Operations.

The Executive Vice President, Central 0peratio-is is responsible

for the design, construction, operation and maintenance of nuc zar

power generation plants.

The Vice President, Power Supply and, under him, the Assistant

Vice President in charge of Power Generatior, the Nuclear Power

Generation Manager and Nuclear Plant General Superintendent are

responsible for the day-by-day operation and maintenance of the

plant. The Nuclear Facilities Safety Committee herein established

will advise the Executive Vice President and through him the

President ari the Chairman of the Board concening the safety aspects

of the nuclear plant operation. The Safety Comnmittee is to be kept
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fully and currently informed by the Nuclear Power G•neration Manager

and Nuclear Plant General Superintendent uf all matters bearing

on the saife operation of the plant. Th., Chairman may establish

oubcommittees cad designate members of the f-ll committee for

assignment to the subcommittees. The Chairman, Vice Chairman

and Secretary of the Nuclear Fecilities Safey Committee are

ex-officio members of all subcommittees.

If the Nuclear Plant General Superintendent decides to make a

chanxe in the facility or eperating procedures, or to conduct a

test or experiment, and concludes that the p:oposed chaFr.v, test

or experiment does not involve a change in the Technical Specifica-

tions or an unreviewed safety question, he may order the Lhange,

test or experiment to be made, shall enter a description thereof

in the operatiup records of the facility, and shall send a copy ef

the instructione pertinent thereto, to the Chair-nan of the Nuclear

Facilities Safety Committee. If the Chairman of the Committee,

upon reviewing such instructions, in of the opinion that the change,

test or experiment is of such a nature as to warrsnt consideration

by the Committee, he Ohall order such consideration. If the

Nuclear Plant General Superintendent desir, s to make a change

in the facility or operating procedures or 'o conduct a test or

experiment which in his opinion might involve a change in the

Technical Specifications, might invwlve an unreviewed safety

question or might otherwise not be in accordance with said License,

he shall not order such change, test or expetiment until he has

referred the matter to the Nuclear Facilities Safety Committee

fur review and report. If the Committee is of the opinion that

the proposed change, t.at or experiment does not require approval by

the Atomic Energy Commission under the terms of said License, it

shall ao report in writing to the Nuclear Plant General Superintendent,

together with a statement of the reasons for the Committee decision

0
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I and the Nuclear Plant General Superintendent may proceed with

tha change, test or exp. -iment. If, on the other hand, the

Comittee it of the opinion that approval of the Atomic Energy

Comuission is required, the Committee shall prepare a request

for such approval, including an appropriate safety analysis in

support of the request, and forward its report and request to the

Vice Presidents in charge of Engineering, Power Supply and the

Executive Vice President, Central Operations for their review

with a copy to the Nuclear Plant General Superintendent. One

of said Company Officers shall thereupon forward the report and

request to the Atomic Energy Commission for approval unless,

after review, the Executive Vice President, Central Operations

either (a) disagrees with the opinion of the Committee that

approval of the Atomic Enargy Commission is required, or (b)

decides that the proposed change, test or experiment is not

necessary from the standpoint ot Company policy or operations.

0
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QUESTION 12.3

Provide the following information relative to the Nuclear Facility
Safety Committee:

5. What are the recording and reporting requirements for the
Committee?

ANSWER

Records

Draft minutes of all meetings will be distributed promptly to

each committee member for comment and a..y corrections. Amended

and corrected i.nutes will be circulated to cowmittee members

for final approval. Copies of approved minutes will be promptly

distributed to each committee member and to the Assistant Vice

President., Power Generation, the Vice President, Power Supply, the

Executive Vice Presicent, Central Operations, P Prefident, the

Chairmen of tht. Board, and the Corporation Secretary.

Special reports shall be in writing and will be distributed to

all members of the Committee, the Assistant Vice President, Power

Generation, the Vice President, Power Supply, the Executive Vice

President, Central Operations, the President, the Chairman of the

Board, and the Corporation Secretary.
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V QUESTION 12.4

Records

1. What records are kept of abnormal occurrences, principal maintenance
activities an6 fuel inventories and transfers?

ANSWER

Records

a) Abnormal occurrences

All abnormal occurrences which occur during the course of facility

operations will be recorded in the General Watch Foreman's log book

and where appropriate, in the log books maintained by the licensed

operator in the Central Control Room, the shift chemist and the shift

health physics tzchnician. In addition, pertinent charts w'l. be

marked as to date and time with a brief hvotation relative to the

circumstances of the occurrence.

b) Principal mainte! Ance activities

All principal maintenance acttvities are to be recorded in a set of

equipment history books which will be maintained by the station's

Performance Group. Input data for these books will be taken from

written "maintenance memoranda" issued by watch personnel, reviews of

the General Watch Foreman's logbook, and frequent oral discussions

with operating and maintenance supervisory personnel.

For maintenance activities reiating to instrumentation and control

equipment, instrument test reports will be made out whenever main-

tenanee work is performed. These reports will be maintained on

file by our Technical Services Bureau.

0
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c) Fuel inventories and transfers

Detailed records of 'otal uranium, U235, Pu239 and Pu241 for all

fuel in use or in storage will be maintained by the Performance

Group. Records of fuel transfers will be maintained via proper

execution of Form AEC-388. Specific locations for all fuel

assemblies in the reactor core or in the fuel handling building

storage pool will be maintained on appropriate core or fuel

storage pool arrangement drawings.

0

0
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qUESTION 12.5

Emergency Plan.

Provide an emergency plan including the following material.

Organization: The emergency plan should include a description of the
normal and emergency operating organizations.

Spectrum of Accidents: The emergency plan should identify and coisider
the consequences of radiological rccidents ranging from orsite act idents
affecting only local operating personnel to design basis accidents which
could affect both site and neighboring environment.

Protective Measures: Attention should be given in the plan to immediate
protective measures that may be necessary for site personnel and the
general public.

Technical Bases for Protective Measures: technical information necessary
to support the proposed protective measures should be included.

Protective Action Levels: The levels at which protective action is to be
initiated should be specified in terms of instrumentation available in
the post-accident instrumentation.

Communications: The plan should specify emergency communication
networks.

- Multi-Unit Site Considerations: A reactor siLe wtich includes more than
one reactor should have both individual facility plans and a compatible
site emergency plan.

- Offsite Support Groups: Prnviudcns for utilization of offsite support
groups should be included in the emergency plan.

- Medical Support: A summary of the medical facilities available should
be included.

- Training Drills: The frequency and extent of drills should be included.

Public Hotification of Accident Conditions: The criteria for and method
of notificarton should be included.

Emergency Procedures: The emergency plan should clearly provide that
procedures will be prepared to detail implementation of the emergency
plan.

Recovery Plan: General measures for a recovery plan and associated
criteria and technical bases should be included.

Review and Updating: Specific provisions for periodic formal review
should be made.

ANSWER

See following report - 'Contingency Plans Consolidated Edison Company of New

York Inc. Indian Point Nuclear Generating Facility".

Supplement 5
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1.0 INTRODUCTION

The Earthquake Zontingency Plan describes the procedure which will be

followed in the event of an earthquake at the Indian Point Site.

If an earthquake shock is felt or reported to oecur in the vicinity of

the Indian Point Station, the Company's soismological consultant will

be contacted by the General Superintendent or his designated alternate

for an evaluation of the magnitude of the earthquake at the Indian

Point Site.

2.0 RESPONSIVE ACTIONS

The immediate protective actions taken by the key plant personnel are

as follows:

Central Control Room Operator

1. Cbeck the control boards to determine the effect, if any, on

Ini-trumentation, controls, and plant operations.

2. Notify the General Watch Foreman (or the Operations Superin-

tendent if the earthquake occurs during the normal working

hours when he is at the station).

3. If the unit has been shut doim by the automatic proLection

systems, do not restart the unit until an inspection of the

plant has been performed.

4. If the unit has not shut down, maintain the unit in its

present operating condition.

General Watch Foreman (Operations Superintendent)

I. Order an inspection of all instruments, equipment and

structures irreupective of whether or not unit has been

shut down.

Supplement 5
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2. Not'fy Station Hnsaeaent.

3. If the unit has shut dom,, maintain shut down conditions

tmtil a comlete evaluation has been made in conxultation

vith the Station Mazagement.

4. If the unit has nt shut down, determine V' it is to be

shut down.

Operatint Personnel

1. Check all instru-ents, and inspect all equipment and

structures for calfunctions or possible damage.

2. Report findings to General Watch Forenan (Operations

Superintendent).

Shift Health ?rhyiscs Technician

1. Make a radiation survey of plant and adjacent areas.

2. Report findings to General Watch Foreman (Operations

Superintendent).

Station Manageuent

1. Determine if results of earthquake hav aaamaged plact

equlpmutt.

1. Notcfy Company Macg-ement.

3. 1I the unit has shut co-n, detarinýt, in cons-dtation vith

the General Watch Fanvan, w..ether '.t shoul4 be restarted.

2 Sup-lermst 5
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3.0 SUBSXQUF-4' ACTIONS

The General Superintendent will, vith the assistance of the plant

operating staff and the Company's engineering forces, evaluate the

subsequent reports on any possibla d3nages to equipment aid structures

caused by the earthquake and will determine if any of the plant

safeguards are dasged.
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1.0 11?ROXUMO,

wmployets assigned to the station are trained in the areas of fire

preventlon and protection. General rules and regulations Pertainint

to the preveg.•wLon of -fires at any of the Company's generating facLU-

ties are enwierated in a Itandbook that each c•ployee receives upon

his assignment to a station. Supervisory personnel are responsible

for assuring that all personnel unJcr their Jurisdiction comply with

these general rules as well as others that are applicable to a parti-

cular job location. The Safety Services Bureau of the Company

naintains a "'fire-school" where qualified instructora are available

to train and periodically retrain station employees In fire protection

techniques. Invaluable experlence is gaincd at this school inasmuch

as actual fires of the type encountered in generating statimms are

controlled and extinguished t'y - raii'ees.

2.0 OIRA.NIZATION

2.1 The following desiinated c-ployees on all watches, except as

note", are assigned to a pert.inent Fire Fighting Arigade to fern

a nucleus arcund -,hI:h an efficient f %re fighting force can be

organized for a fire continnency.

Title

General watch Forema

Health Physics Technician

MA- Rc'-jer

CM- Rover

(Convent Ional Areas)

(COntrolled Areas)

CZ~cmical Techrnic tan

Yechanics (MA' s,
Hlech. A's, OM's)

Product ion Mvan

Brigade Assignment

In charge

Report to General Watch Foreean

Report with CO2 type extinguisher

report writh Chemox Kask

Report with Chemox I•ask (12-8 and
-121 vatches Lmly)

Pport with CO1 type extIniutsher
(12-8 and. 4--12 •aiches only)

Leport with OD, cype, extinguisher
in Oentrolled Area or dry chenical
type in COnventional Area

Report to General Watch Foreman at
location of fire. See Fire Brigade
schedule sheet for assignmnt. (8-A
watch only)

Report to General Watch Foreman at
location of fire. See Fixv Brigade
schedule sheet for assignment. (8-4
watch only)
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Notes: 1. The assignments for Fire Brigade personnel are

designated on the follovng weekly posted

schedules:

Fire Brigade - Watch iPertonnel

Fire Brigade - P.-intenance and Production 'sen Groulps

Particular assignments of any ven in these groups

are also desianated on the above *enticned echedule

sheets.

2. Fire extinguishers from the Controlled Areas are

not to be taken into the Conventional Areas.

2.2 On the " watch, a reserve pool of =inteenance and proiluction

mn personnel will be available when needed. A designated

supervisor from the M*aintenance group and the Fore=n in charge

of the production men group wili contact the General Watch

Foreman it the fire location and viii secure additional pereonnel

from their gr..'ups as required and assigq duties to their men

in accordance with the instructions of the General Watch Foretan.

Except for those specifically designated on the Fire Brigade

Schedule Sheet, personnel fro= these two groups shall not respond

to fire aiarcs unless they are directly ordered to do so Ly their

supervisors.

3.0 PROCEDURE

3.1 Upon being advised of a fire, the Central Control Room O)perator

viil sound the fire emergency alarm (two long blasts on the

variable pitch "squ--ker") and announce the lication of the fire

over the Public Address System.

3.2 When the Fire Alarm has been announce%' over the Public Address

Systeu the Genetal Watch Fore=an and the m'embers of the Fire

Fighting Brigade wll proceed to the location of the fire. The

General Watch Foreman vwll take charge and will direct all fire

fighting activities.

2 supplement 5
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3.3 When a fire It reported in the Controlled A~ea, the Health Physics
Tachzician vi,£ proceed to the fire uith the Fire Brigade. an

the way, he will pick up film badges and dosimeters in the Security

Rooms and such protective clothing and equipment froa the Emergency

Locker am required. The fire rill be fought under the supervision

of the General Watch Fiorenan assisted by tc'e Health Physics Te.h-

nician, who witll control and monitor the radiatinn and contmaina-

tien exposure of all personnel.

A.0 tLU•IDE ASSISTSCE

Although the need for outside assistance is considered extremely

unlikely, the Verplanck Fire Department (Phone No. :37-1643) shall be

aliled by the Central Control Room Operator If in the urpinim -"f the

General 'Watch Foreman their servlces are needed.

All possible steps will be taken to avoid the use of outside fire

fighting assistance in the ControlleO Areas. It such becomes

absolutely necessary and the Verplanck Fire Department is called,

special precauticns relating to Health Physics ,spects and access-

Ibility will be taken before admitting thea to the Cnntrolled Areas.

All tire fighting activities in the Controlled Areas will be under

the direct control and supervision of the General Watch Foretn.

The Station Guards are to be notified by the Central Control FRo

Opcrator when th,- VcrplAnck Fire Dep.artment Is call-d to direct

them to the fire locatt'n.

N.It DRILLS

.\dequate fa-illarizatimi with fire fighting procedures by all mee.bers

of the operating staff is dencnstrated periodically through the u-se

of fire drills. To provide a true measure of the degree of readiness.

these drills will generally be initiated without prior announcement.

6.0 rqu IP%.M'%ý

A detailed description of the Fire Protection System f.%r the Indtin

Point Facility ti pr.ovided in subhsection 9.6.2 ot the P'nit M-,. 2

FFD and SAY.
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1.0 lhO1MUCION

The Tornado Contingency Plan describes the procedures which will be

follvved in Lhe event of a tornado vatch(l) or tornado warning(2)

at the Indian Point Site.

Meteorological conditions that could resuit In a tornado would be

deterair.ed by the Weather Bureau. Their services are available to the

Cozpany's System Operator at the Company's Energy Control Center

located at 128 Vest End Avenue in New York City.

2.0 RESPONSIVE ACTIONS

The izediate protectlve actions taken by the key Company personnel

are as follows:

Sy-stem Operator

1. Notify the Central Control Roon Operator that either a

tornadc watch or a tornado wdrning exists for the vicinity of

the Indian Point facility.

2. (aintrtn contact with the plant until the tornado condition

has abated.

Central Control Room Operator

1. Notify th- General Watch Foreman (or the Operations Super-

intendent If the tornado situation occurs during the norsal

working hours when he is at the station).

(1) Tornado watch - means meteorological conditions are favorable for
the formation of a tornado.

(2) Tornado warning - means that a tornado has been sighted in the area
of the plant.

, tpplement 5
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r-~. 2. If a tornado warning has been received, start the gas turbine

generator and arrange with System Operation to line up the

underater tie with Orange and RocklAnd.

General Witch Foreman (Operations Superintendent)

I. Assign station personnel to look and listen for a tornado.

2. If a tornado yarning has been received, order all fuel handling

onerations in the fuel handlin. building halted. If a fuel

ha,0l1ing cask is s9ispended from the crane at this time, urder

that it be set down. Order all other non-essential plant

operations halted.

3. Notify station management.

OpErating Personnel

1. Maintain a watch to listen for and look for a tornado.

2. If a tornado ts sighted, notify Central Cootrol Rooea

Operator iimediately.

3.0 SUBSEQUENT ACTIOMIS

If a tornado is sighted in the area of the plant, the General Watch

Forenan (Operations Superintendent) shall take vhatever addittonl

action he deems necessary.
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t.

PREFACE

The Indian Point Nuclear Generating Facility has been dcsigned and

cons ructed to exacting standards and is operated by a highly qualified

and .ompetent staff. Prior to issuance of a Construction Permit, the

characteristics of the site, the facility design, and numerous analvaet

to demonsLrate the effectiveness of safeguards incorporated In the

facility are evaluated by the Atooic Energy Coeission (AEC). the AMvisory

Committee on Reactor Safeguards (ACRIS) and by the public at a public

hearing presided over by the Atvrtle Safety and .icenAing Board. The AEt

ana ACRS conduct an additional review prior to Issuance of an Operating

License. A Construction Pernit and Operatint License re not granted

until it in demonstrated that the facility can be operated safely.

The design of the facility Is such that a radiation incident will" be

confined to the site. However, it is recognized that some hip.hly Improbable

chain of events could result in an incident that ould result in abnormal

releases of radioactive material beyond the sLt- boundary. The following

Radiation Contingency Plan has been devekoped to insure that under any

situation the f- 'lity's staff will be prepared to respone quickly and

efficiently to te.minate the incident and nirigate its ctnsequences.

Implementation of the General Contingency Plan involving nff-stte

considerations is not anticipated. If implementation were required, it

Is anticipated tnat the resulting exposures would be within the gutdelines

set forti in Title 10, Part 100 of tlw Code of Fedoral ".-pulattr us.

S1ipl,.n0nt '
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1.0 INTRODUCTION

The Radiation Contingency Plan for the Indian Point Station prescribes

immediate action to be taken by plant personnel to minitmize exposure

to radiation resulting from atn abnormal operating situation. This

plan prescribes the action which is to be taken in order of priority,

the responsibilities of personnel for taking such action and suimarizes

personnel and material resources available for assistance in minimizing

exposure and in restraining and mitigating the consequences of the
abnormal situation.

There are three phases of responsive action. The first phase would

include initial actions directed toward the protection of personnel

and the elimination of the potential for further exposure. The second
phase vould include imuediate and planned action directed toward

termination of the incident, contaiumnet of the effluent, establishment

of incident boundaries, establishment of control and channeling of

information and protection of the facility -nd equipment. The third
phase would be to restoz the facility to its normal operating condition.

The first two phases will be conducted by a Contingency Team with or

without the assistance of other on-site personnel. The Congingency

Team will be composed of shift personnel to insure that the team will

be trained and available at all times. A Command Group will provide

technical information to the Contingency Team, and assaure a smooth

transition to the final phase which it will direct.

2.0 ORGANIZATION 15

2.1 NORMAL ORGANIZATION

The Indian Point Facility normal operiting organization for an overall
facility and shift basis is shown on Figures 1 and 2, respectively.

a
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2.1.1 Responsibilities and Duties

The responsibilities and duties of all personnel assigned

to the normal operating organization from the foreman level

up are described in subsection 12.1 of the FFD and SAR.

2.2 CONTINGENCY ORGANIZATION

The Indian Point Facility Contingency Organization is shown or, Figure 3.

The nucleus of the organization will consist of those personnel assigned

to the regular operating shift with the General Watch Foreman in charge.

The General Watch Forenan will act as the initial Co- !ingency Cbordl.-ator

for all activities. Depending upon the status of the incident, the General

Watch Foreman may be relieved of his duties as Contingency Coordinator by

the Operations Superintendent or his designated alternate, thus freeing

the General Watch Foreman for a more direct involvement in the contingency.

During the normal work day, when a full complement of plant personnel

are present, the organization will be expanded as necessary to include

certain key staff personnel such as the Health Physicist, the General

Chemist, the Assistant Maintenance Superintendent, the on-site First

Aid Attendent and other personnel as indicated on Figure 1.

On each of the operating shifts, certain personnel aze assigned to the

Contingency Team. Members of the Contingency Team will be indoctrinated

with their individual duties so that the required procedures can be

carried out in the most expeditious manner.

2.2.1 Responsibilities and Duties

The responsibilities and duties of plant personnel assigned to

the emergency organization are as follows:
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Contingency Coordinator

aU Makes determination whether or not a contingency exists.

b. If conditions warrant, declares a contingency to exist.

c. Obtains necessary information to properly evaluate the

situation.

d. Coordinates all nn-site activities during thr contingency.

e. Notifies the designated plant management of the situation

as per Paragraph 5.2.

Contingency Team

a. Upon notification, the Contingency Team re'forts to assigned

stations unless otherwise directed by the Contingency

Coordinator.

b. Carries out assigned duties to protect personnel, gain

control of the incident and limit its consequences.

General Superintendent

aý Notifies and directs the Command Group.

b. Coordinates all Con Edison activities during the contingency.

c. Makes required notification of AEC, N.Y. State Department

oC Health, and other agencies.

d. Makes request for outside assistance.

e. Coordinates release of information to the general public

through the Con Edison Public Information Department.

Command Group

a. Provides overall direction for all on-site activities

during the contingency.

b. Furnishes technical advice to outside assistance groups.

Operations Superintendent

a. Assumes duties of Contingency Coordinator upon arrival at

the facility.

b. Serves as a member of the Command Group.
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Assistant Maintenance Superintendent

a. Serves as a member of the Command Group.

b. Responsible for all required maintenance related activities

including the procurement of special materials and equipment.

Assistant Operations Superintendent

Serves as a member of the Command Croup.

Reactor Engineer

a. Serves as a member of the Command Group.

b. Furnishes advice and makes recommendations on all aspects of

post-incident reactor operations.

Performance Superintendent

a. Serves as a member of the Command Group.

Health Physicist

a. Serves as a member of the Command Group.

b. Directs activities of the Health Physics Monitoring Team.

Health Physics Monitoring Team

a. Conducts on-site and off-site radiation surveys as directed.

b. Establishes exclusion areas.

c. Kak-es recommendations to the Command Group.

d. Supervises the decontamination of personnel and equipment.

e. Determines personnel exposures and maintains exposure records.
E. Specifies and issues protective equipment and personnel gear.

g. Provides monitoring services for all post-incident re-entry
activities.

h. Furnishes advice to medical personnel relative to injuries

involving radiation or contamination considerations.

i. Cooperates with A.E.C. or N.Y. State Radiological Assistance

Teams in the performance of off-site radiation surveys.

Production Engineers

a. Servo as membirs of the Command Group.

b. Provide laison services with non Con Edison support groups.
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3.0 SCOPE OF PLAN

The Radiation Contingency Plan for abnormal operating conditions prescribes

procedures to cover the range of anticipated and hypothetical equIpment and

plant troubles. The variety of credible radiation incidents, including

the hypothetical major rupture of the primary coolant system, should not

require the utilization of thia plan in its entirety. The numerous

possible modes of radiation release, meteorological condit•.-.s and

desired actions is such that the procedures presented herein must, of

necessity, be flexible. However, these procedures will be such that

the responsive action can change smoothly and logically as the status
of the incident changes.

The Contingency ^oordinator will determine the degree of severity of all
incidents which might occur at the facility. The Radiation Contingency

Plan is divided into three separate categories:

3.1 LOCAL CONTINGNCY

Involves onl- areas within the plant. May involve evacuation of
areas within a building, cr may involve evacuation of the J'uilding
itself.

3.2 SITE ODNTINGENCY

Involves the total plant site, and may require evacuation of all
non-essenti - operating personnel from the plant site. It does not,

however, involve areas external to the station boundary; nor does it

require the assistance of off-site support groups.

3.3 GENERAL CONTINGENCY

Involves areas beyond the site boundary, and may require the
assistance from one or more off-site support groups.
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4.0 PLAN IMPLEMENTATION LEVELS

4.1 INTRODUCTION

Instrumentatiun is prv.ided at selected points in and around the

plant to detect and record the radiation levels. In the event

these radiation levels rise above a specified value, an alarm is

initiated in the Central Control Room. The automatic Radiation

Monitoring System operates in conjunction with routing and special

radiation surveys and with chemical and radiochemical analyses

performed by the plant staff.

4.2 IMPLEMENTATION LEVELS

For the three different categories considered in Paragraph 3.0,
the conditiots at which the contingency plans will be implemented

are as follows:

4.2.1 Local Contingency Plan

One area radiation monitor reaches its alarm set point.

OR

The plant vent radiogas monitor reaches its alarm set
point.

OR

An unexpected increase in the level of radiation or

airborne activity in a work area as indicated by tem-
porary monitors.

4.2.2 Site Contingency Plan

Two area radiation monitors, each one in a separate

building, indicate .adiation levels in excess of their
alarm set points, and the plant vent radiogas monitor

reaches itj alarm set point.
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OR

A design basis accident is indicated

4.2.3 General Contingency Plan

'Is-
A Site Contingency has been declared

AND

Off-site survey by the Health Physics Monitoring

Team indicates radiation levels equal to or in excess

of those specified in paragraph 7.3.2.

5.0 GENERAL INFORMATION

5.1 NOTIFICATION CHANNELS

Notification of a contingency will be accomplished by one or more

of the following ways:

a.

b.

C°

Personnel working in or around the facility.

Automatic alarm system (Radiation Monitoring System).
Plant Public Address System.

5.2 NOTIFICATION ROSTER

Names, addresses and telephone numbers of the individuals and
organizations listed in this Paragraph are given in the attached
Appendix "A". As changes occu'r, revised lists will be issued
with an up-to-date list maintained in the Central Control Room

at all times.

5.2.k Con Edison Site Personnel

The Contingency Coordinator is responsible for notifying.

in the order shown, the first of the following site

7 Supplement 15
11/70



management personnel who can be contacted. The indi-

vtdual first contacted shall in turn notify the others

on the list, and shall make the necessary notification

of Con Edison off-site mangcment personnel.

a. General Superintendent

b. Operations Superintendent

c. Reactor Engineer

d. Performance Superintendent

e. Assistant Maintenance Superintendent

f. Assistant Operations Superintendents

g. Health Physicist

h. Production Engineers (assigned to Command Group)

5.2.2 Con Edison Management

Notification shall be made, in the order shown, of the

first of the following individuals who can be contacted.

The first person contacted shall in turn notify the others

on the list.

a. Assistant Manager (Nuclear) - Production Department

b. Vice President - Power Supply

c. Manager - Productinn Department

d. Executive Medical Director

e. Radiation Safety Officer

f. Chief Mechanical Engineer

g. Vice President - General Counsel

h. System Duty Representative

i. Director of Public Information

5.2.3 Medical

Notification of one or more of the following individuals

shall be made by the Contingency Coordinator or General9Superintendent as deemed necessary.
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as

b.

C.

d.

es

f.

g.

Con Edison Assistant Medical Director

District Doctors

Station First Aid Attendant

Medical Consultant (Radiation)

N. Y. University Hospital

Peekskill Community Volunteer Ambulance Corp.

Verplanck Fire Departmetig (Ambulance)

5.2.4 Atomic Energy Commission

a. N.Y. Operations Office - Division of Compliance

b. N.Y. Operations Office - Radiation Duty Officer

5.2.5 State of New York

a. Department of Health, Bureau of Radiological Health

Services

b. State Police

5.2.6 County of Westchester

a. Department of Health

5.2.7 U. S. Coast Guard

a. Captain of the Port f New York

5.2.8 Local Authnrities

a.

b.

Co

d.

Peekskill Police Department

Buchanan Police Department

Peekskill Fire Department

Buchanan Fire Department

9
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5.3 AUTHORIZATION

The following individuals are autiorized to declare s contingency-

a. General Superintendent or designated iepresentifvtie

b. Operations Superintnedent

c. Health Physicist

d. General Watch Foreman

e. Central Control Room Operator

5.4 CONTROL CENTER

During a Local or Site Contingency, the center for coordinating all

activities will be the Central Control Room (or any other area as

may be designated by the 'aneral Superintendent). Durinn a General

Contingency, the Controi :enter will be located in the Cer' il

Control Ro- i, in the Production Department Office, or in the mobile

headquarters of the New York State Radiological Assistance Team, as

determined by the General Superintendent.

5.5 EXPOSURES

Although highly unlikely it is possible that sitautions may arise

which transcend the normal requirements for limiting exposure. In

such cases, exposures above those set forth in 10 CFR 20 may be accepted

if the net Affect of the exposure will be to limit the total exposure

i5 burdens ascociated with the incident. Onze in a lifetime, accidental

or emergency exposure to penetrating radiation may be ac'--pted up

to 25 rem to the whole body. In all situations, though, every

reasonable effort will be made to minimize the exposure. Rescue

personnel may receive up to 100 rem of penetrating radiation to the

whole body if the saving of human life will result. As long as this

M-31 10 Supplement 15
11/70

0



limit is not exceeded, no permaneni: disability will result.
However, under no circumst'.aces will this cype of exposure be
.nermitted unless rescue personnel are wearing monitoring devices
capable of measuring these exposures.

5.6 TRAINING DRILLS

Internal practice exercises to demonstrate adequate familiariza-
tion with the procedures by members of the operating stall will
be performed on a semi-annual basis or more frequently should
the results of a particular exercise indicate the need. In
order to provide a true measure of the degree of station persnonnel
readiness, practice drills will generally be initiated without
prior announcement.

In addition to the above mentioned drills, communication by
radio contact, such as might be required in certain situations,
will be m&,de on a weekly basis between the licensed reactor
operator in the C,-ntral Control Room and the System Operator
at the Company's Energy Control Center.

5.7 REVIEW AND UPDATING

A continuing review of operatiins will be performed by the
Station operating staff, the Froduction Department adminis-

trative staff, and the executive level for those departments
with operating, derign, and safety responsibility for the
facility. There will be periodic reviews by the Nuclear
Facility Safety Committee of operations, normal and abnormal
procedures, and changes to the facility or Technical Speci-
fications. The contingency plans and procedures will be
reviewed and updated as required.
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5.8 NOTIFICATION AND REPORTS

5.8.1 Notification

5.9.1.1 Immediate Notification

Section 20.403 of 10 CUiR I requires immediate

notification of the AEC Region I Compliance

Office by telephone and telegraph of any ifn-

cident involving by-product, source or special

nuclear material possessed by Con Edison that

may have caused or threatens to cause:

a. Exposure of the whole body of any itn-

dividual to 25 reims or more of radiatio:u

exposure of the skin of the whole body of

any in.lividual of 150 reins or more of

radiation; or exposure of the feet, ankles.

hands or forearms of any individual to

373 rems or more of radiation; er

b. The release of radioactive material in

concentrations which, if averaged over a

period of 24 hours, would exceed 5000

times the limits specified for such

materials in Appendix B, Table II of

10 CFR 20; o.-

c. Damage to property in excess of $100,000.

5.8.1.2 Twenty-four Hour Notification

Section 20.403 of 10 CFR 20 requires twenty -

four hour notification of the AEC Region I

Compliance Office by telephone and telegraph
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of &.y Incider involving licensed material

ponseased by '4 th~t may Live caused 3r

threaate. to c&s.m*:

a. Expoaure of the whole body of any L=-

4ividual to 5 t or more of radiation;

expoeure of me skin of 'the htole body

of any Izcdividuil to 30 re or vore of

radiation; or exposure of the feet, uukles,

handz or forearms Eo 75 rem or more of

radiaatl:z; or

b. The r9lease of radijactive matccrial in

concentracions which, IL avaraged over

a perico of 24 hours, would exceed 500

timse the limits opecifie.& for such

materials in Appent;ix 3, table II of

CMR 20: or

c. A loss of one day or more of the opera-

tion of any facilities affected; or

d. Dmage to property in excess of $1000.

5.8.1.3 Thirty Day Notification

Section 20.405 of 10 CVR 20 requires thirty -

day aotification, via a written report, of tha

DLaector, Division cf Compliance, U. S.
Atomic Energy Comumistion, Washitton 25. D.C.

(with a copy to the 'Director of Division of

Compliance, ReGion I) of:

a. Each exq'osure of

tion or concentr~

w-terial in excel

13

i*m individual to radia-

ations of radioactive

is of any applicable
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1i~it In 10 CF.R V- or as cat for~h ir.

the Fa&cility Operattin& License..

b. Any lutident. for vhMch notifIcatioo Is

required by Par&&r~ap 5.81.11 or 5.8.1.2.

c. Lvals of radiation or cancentraticam

of radoactivce n-aterielL (not Involvin~g

axe ssive exposure of anyInidul

in an =restricted area in excess of too

tine~s any -*PP)9 a@1 11MIt not .rth In

10 C-FR 20 or a Facilit~y * Oerattn~g

Lkcense.

5 8.1.4 New York State Notiftcation

The Mew York State De-parzoent of Ecalth shall

be pr-o=pty inforzmd of any incident vhich

requires notification of the Atomic Er~rgy

C0=issicn wVder Paragraph 5.8.., .. 1.2
and 5.8.1.3.

5.8.2 Reports

each vritten report requ~fred under Paragrapb 5.8.1 shall

describe Ehe extent of exposure of persons to radiationi

or to~ radioactive naterial; levels of radintlen and

concentrations of radioactive taterial Invo~clved; the

cauza o&' the exposure. level~s or cancent raticc; =nd

correc.tive steps taken or planned to essure against a
recurrence.

5.9 PLILIC NGTIFCATION

In the Mhi~ly unl3ikely event that the canditions for -% General

14 Supplemt~e.. 5
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CoatflnVUcy clA-ts, and depaeidint uppon the severity of the 3ij,-

ation as Jvzled by tha coordinator, It may bp dewd necessa'-y to

notify the .eneral puI1ic that an abnorm&aL 0ra•tg condition

ex"Sts SI •-te Indian Point St-Atl,. The Co tin0eTy Coorditator

ULUL i~nform the Can Edison Public InfoWoat n Departu~e•t by con-

taceing one of the folloins. persoas:

WW Work Pbo- RoMe MCCg

W. 0. Farley 460-4111 AC 201-797-2746

S. P. Sreagren 460-4113 AC 516-931-2490

C. r.- Lchrfink 592-9010 AC 914-9%3-3,64

All Infornation Siv'n to the press or radio sactio". regardless of

vht cat*VorY of cmitingtOcy exists, Shall he issted rthrough .he

Public Information Department.

5.10 OFF-SITE SLT-aT m )-VS

As dtscribed in Paragraph 3.3, a General rCt rnecy vozld le declared

for any Inic.ent. that zy involve off-xtc lo-.aidaration. l-.cidnts

of this saverity would require cloe cooperati•n and possible assis-

tance of a Pumber of off-site a&enmies ad authorities - in particular.

the AEC New York Operstiocu Office =d the Kew York State Depgrtent

of liealth, Zureau of Radioloqical geglth Serv-,cs.

The AtOmic Energy Coemisaton's rad I'i',aical eereeacy asaistance

ceat is wmilable 24 hours a day ti.. P,.h the Renico I Office of the

Cummisslon In lower Manhattan. Direct discussions beween Consolid-

ated Edison and Region I perscnnel to knsure the ready avatzlaiility

oZ am effective support organization have been held. In the unlikely

event of red for such support, Atcmic Energy Cceission personel

Iould ba dispatched any time of the day or night fron home or office

locations in th~e New York City area, or with appropriate survey Itru-

rantation and under the direction of an Atooic Energy coaaission
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group leader. Such cupport would

Edison and the Nev York State De!

Radiological Health Ser.vices.

i be provided by Consolidated

artment of Health, Bureau of

Singlarly, New York State and Westchester County Departuents of

Uealth woul.1 provide radiological survey supporting effort at the

request of Consolidated Edison. If the findings yielded by .o-f-

site surveys of these agencies indicate the need for additional

action affecting the public, that determination would be made by

the State Department of HIealth which would in turn notify the

Governor's Office that an emergency exists. Through the Governor's

Office, ay additional state organizations as night be required

such as Civil Defense or the New York State Police Department would

be sou&-at =d action imiplemented under the direction of the State

Health Depart=ntn.

In addition to the above mentioned agencies and authorities, the

Company enjcys the services of Dr. Roy E. Albert, a recognized

expert in radistio-n medicine, and Dr. HrcFmald E. Wrec•. a certified

health physicist and environmental health consultant, both of whose

services would be solicited as consultants during any contingency.

6.0 FACILITIES AND SERVICES

6.1 SPECIAL EWUIMM-ST

Special Equipment is located at stratevic areas in the plant

md on the plant property. This equipment is located in the

Kealth Physics Office and the Indian Point Service Building.

A liat of this equ-pment is given in Appendix "B".

6.2 ?MWICAL

A Fir3t Aid ftooe is located off the lobby on El, 15 of the
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Coventional Service Building. This room can be used for

tzeatmnt of ambulat•ory, non-contaminated injured perasmel,

and visitors to the plant.

A complete medical facility, consisting of a deconta•ination

roo and an examation room is located oq El. 72 of the

Nuclear Service Building for Unit No. 1. This centralize

facility ii also surve all additional nuclear units at or

near the Indian Point Site.

The deccetawnatior, room is specially designed for the care of

personnel contaminated by radloaccivity. It is designed to

allow the admission of several mixed =bulatory and non-ambulatory

patients. A conventional examining room Is located in tho

dispensary area of this medical facility and can be ured for

first aid after decontamination of ambulatory and litter cases.

It can also be used for general clinical service. Medlcal azA

first ald supplies are kept in the dispensary and are passed

through as they are needed into the decontamination room.

An alternate site for medical supplies and an alternate treat-

ment facility for possible radiation casualties is located in

the regular Medical Bureau in the Indian Point Service Building.

A portable r-- oimotope decontamination kit is provided in the

Indian Point Service Building for personnel deconcamination.

A portable kit, similar to the radioisotopt decontamination

kit, is available for transfer of an injured radiation casualty

to an outside medical facility.

Arrangements have been miade vith Unive-sity Hospital.l, Nw York

University Medical Center in New York City for handling cmota=ina.ed

IrnJ ured personnel.
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A detaUed description of the medical facilities is presented in

Subsection 11.2 of the FFD and SAR.

6.3 CO.•MICATIONS

The folloving methods for uornal or emergency counaications are

available aL the Indian Point Facility:

1.

2.

3.

4.

5.

6.

7.

Variable Pitch "Squawker"

Public Address and Party Line Systen

Dial Telephone (Con Edison System)

N4.Y. Telephone Company (Eight Outside Lines)

Short-Wave Radio

FM Radio '"landie-Talkie" (Three Units)

Direct Telephone Line to '"e Systen Operator at

Energy Control Center.

the Company Is

I~~0

Details relative to the above cotunication methods

belov:

ace provided

1. The variable pitch "squawker" vill be used to alert station

personnel of any contingency at the facility. The "squavker"

cai be connected to Unit No. I and/or Unit No. 2 public

address systen by means of "ppropriate evitches on the

respective operators control desk in the Central Control

Rooms. The fclloving schedule has been established for

sounding the contingency alarm.

Station Contingency - One long blast

Fire Contingency - Two long blasts

Air Raid Alert - Coie long blast and one short blast

Note: Long blast - 10 seconds or longer

Short blast - 5 seconds or less
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2. The public address and party litie sysya. for the InadiA Point

No. 2 plant consists of three channels, naaly, '"Pae No. 2".

"Party No. 3", ane- "Party No. 4". The '"Page Nco. 2" and "Party

No. 3" cthnais are comon to both the primary (nuclear) anil

sa8coudaZy (ccnventional) portions of the plant. They operate

independantly of, or ca be nerged vith, the existing "Page No. 1V

and "?arty No. 1" channels of the Indian Point No. 1 plant as desired

by the operator in the Central Control Roca. "Party No. 4" line

provides an additional channel in the primary portion of the No. 2

plant only and does not have any merging facilities. Speakers for

monitoring each of these lines are located in the central Control

ROcM.

3. Standard dial telephones incorporated into the Consolidated

Edison system are located at strategic locations throuphout the facili-

ties controlled and conventional areas.

4. Eitht outside IUnes (N.Y. Telephone Co.) are vwalale. These

phCnes aRe lobtate as folloWs:

Centrao Control Room

Health Physics Office

Maintenance Office

General Watch Forenan 's Offiae

General Superintendent's Office

Unit No. 1 Containment

Unit No. 2 Containvnt

(2)

(1)
(1)

Jack only

Jack only

5. Facilities are provided in the Central Control Room so that the

operator can talk into and listen to the regular Company shortwave

radio system through the Indian Point receiver - transmitter

equipment, as required.

In the event of locis of all normal a-c power, provision has been

made to connuct the station radio transmitter to one of the two

Unit No. I battery backed special a-c load boards.
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6. Threa Hotorola liT Series fluandie-Talkle FM radio units and a

smtltiple-unrit charger are maintained in the Production Depaz-tment

Office located in the Indian Point Facility Conventional Service

Suilding. These units have a range of approximately one aile and

are available at all timz.s.

7. A direct-wire telephone connection (N.Y. Telephone Co.) to the

System Operator at the Company'6 Energy Control Center is located

on the Unit No. 1 operators desk in the Central Control Room.

If in the course of plant operations a contingency develops, it will

be announced by one long blast (>10 seconds) on the variable pitch
Usquawker". This will be followed, if it is deemed necessary, by an

announcement over the public address system that all cocunications

in progress, other than chose directly involved in support of the

contingency will cease i~ediately and that all outside telephones are

to be used only for the purpose of notifying necessary pwrsonnel and

authorities of the existing situation.
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7.0 ?PROT IVE ?ASU.SM

M.i LOCAL CO0TINGE(CY PLN

7.1.1 Responsive Action

Central Control Room Operator

1. Annomunce over tne Public Address System that a high

radiation alarm has been received. Give the location

of the alarm and advise all perso nel to leave the affected

area and assemble in the Nuclear Service Building laundry

foyer for monitoring. Make the announcement at lezat tvo

times.

2. Notify the Ceneral Watch Foreman of the ulars.

3. Take appropriate operatizp' action to limit, contain, or

correct the condition.

Personnel in The Area

1. Leave the area indicated by the Public Address System

announcement, warning any other personnel in the area to

leave.

2. If alarms are received from temporary monitors, leave the

area and advise the Central Control Room operator of the

condition.

3. Do not enter any area where a local alarm is sounding unleas

such entry is approved by the General Watch Foreman.

4. Report to the Nuclear Service 3uilding laundry foyer for

monJ toring.
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General Watch Foreman

1. Report to the Central Control Room.

2. Evaluate the alarm received vith respect to other radiation

monitors and process instrumentation readouts in the Central

Control Roof.

3. Send the shift H~ealth Physics technician into the affected

area to make observations and evaluate radiation levels.

4. Evaluate the results of the Heaith Physics survey.

t. If the results of the survey show radiatio-a levels and

conditions to be normal, permit routine entry to the area

when the cause of the alarm hs been determined. Hnve

the Central Control Room operator announce over the PuLlic

Address System that the high radiation level no longer

exists and that the area is cleared for routine entry.

B. If the results of the survey shows radiation levels abcve

normal in a local area, the affected area is to be roped

off and appropriately marked as to specific conditions.

5. Determine the cause of the high radiation levels and take

appropriate steps to return conditions to normal.

6. Notify plat General Superintendent of the situation.

7. Have Health Physics technician monitor all personnel who

have assembled in the Nuclear Service Building laundry foyer.

lealah Physics Technician

I. Perform radiation surveys and personnel monitoring as

requested by Genernl Vatch Foreman.

2. Supervise personnel decontamination.
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7.2 SITE~ COWNVlF;NCY PIAN

7.2.1 Responsive Action

Central Control Room Operator

1. Sound the alert and announce over the Public Address

Systen that high radiation and radiogas levels have

been detected. Give the location of the alarms and

advise all non-essential operating personnel to report

to the Conference Room In the Conventional Service Building.

Repeat the alarm and the announcement twc tites.

2. Notify the General Watch Foreman.

3. Take apprupriate operating action in accordance with plant

e=ergency operating procedures and facility Technical

Speci ficationb.

4. Establish operating node "d" for the Central Czntrol Room

ventilatlon system.

5. Turn on the radio transmitter and establish contact with

the System Operator at the Company's Energy Control Center.

Personnel in the Area

I. All personnel (including visitors) in the plant, except

thos. assigned specific responsibilitles or those with fixed

post duties, report to the Conference Room in the Coni-entional

Service Building for head count and further instructions.

2. Personnel reporting to the Conference Roma will take the

=ost direct route unless such route w1ill take then through

the announced high radiation or high radiogas areas. In

such an event, alternate routes should be taken to avoid

Lnnecessary exposures.
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3. All personnel in the Controlled Area will first proceed to

the Nuclear Service Building laundry foyer for monitoring

before reporting to the Conference Room. Those personnel

wearing protective clothing shall remove smue and change

into clean clothing before reporting to the Conference Room.

4. For those personnel leaving the Controlled Area who are

found to be contaminated, appropriate precaut-ions are to

be taken to prevent the spread of contamination.

General Watch Forenan

1. Repnrt i=ediately to the Central Control Room.

2. Assume duties of Contingency Coordinator until properly

relieved by the Operations Superintendent or a member of

the operating staff.

3. Evaluate plant conditions by observing readings on the Area

and Process Radiation Monitors and pertinent Central Control

Room instrumentation.

4. Open emergency lockers and storage rooms and make available

any special equipment required, if necessary.

5. Have ilft Health Physics technician conduct an area and

plant radiation survey.

6. Evaluate results of -adiation surveys.

Contingency Coordinator

The position of the Contingency Coordinator will be assumed by

the General Watch Foreman until such times as he can be relieved

by the Operations Superintendent when the latter is on duty.
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1 During normal work hours, notify t.ne General Superintendent

of his designated alternate. Have tbe Central Control Room

operator announce over the Public Address System that all

members of the Conciand Croup are to report Immediatcely to

the Central Control Room.

2. During off-hours, follow the plan outlined in Paragaph

5.2 for personnel notiflication.

3. Contact the W8DCO management staff and alert them that a

Site Contingency has been declared and that evacuation of

all construction personnel nay be required.

4. Notify the Station Security l-orces and request that road

blocks be established at the plant entrances to prevent

unauthorized entry to or egress from the plant.

5. Obtain meteorological data frcn Central Control Room weother

Instrumentation and determine evacuation route to be taken

if needed.

6. Evaluate monitoring data from Health Physics Monitoring

Teams ond Area and Process Radiation Monitors.

7. Direct the activities of the Contingcacy Team.

8. Determine tha: all personnel in the plant, except those

directly Involved with the contingency or plant operations,

have r-ported to the Conference Room.

9. Verify that all personnel on the operating shift have been

accounted for.

l0. Contact the Visitors Observation Building and request that

all vWsitors standby for possible egress for the plant.
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Cuntln~ency Tean

1. Report to assigned statiuns unless othervise directed by

the Contingency Coordinator.

2. Perform assigned duties to protect personnel, gain control

and limit the consequences of the incident.

3. Carry out special assignments as directed by the

Contingency Coordinator.

Command Group

The Command Cr.•up shall consist of those personnel shown on

Figure 3 with the General Superintendent or his designated

alternate nominally In charge. The CG-nand Group may be

supplemented, if necessary, by other Con Edison management

personnel as indicated on Figure 3.

1. Notify the AEC N.Y. Operations Office, the N.Y. State and

westchester County Departments of Health that a Site

Contingency has been declared.

2. Call in additional plant personnel as deemed necessary.

3. Direct the activities of the Health Physics Monitoring

Teams in obtaining sufficient information to determine the

extent of the radiological implications. Order off-site

radiation surveys if required.

4. Initiate site evacuation of not--essential personnel if the

leve- of radiogas in the vent stack exceeds MPQ ard two area

radiation monitors, each in separate buildings, indicate

radiation levels in excess of 1.0 R/Hr. Personnel to be

Avacuated are those assembled in the Conference Room, site

construction forces and any visitors standing by in the

Visitors Observation Building.
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5. If required, send a Health Physics Monitoring Team to

the site exit to monitor and survey personnel and cars.

6. Provide data and information to the Company's Public

Information Department.

Note: All information released to the public, regardless

of what z..z.tegory of contingency exists, shall be

issued only through thy Company's Public Information

Department.

7. Take required action to evaluate the contingency and to

return the plant to normal conditions or mitigate the

consequences of the incident.

8. Determine vhen the contingency plan is no longer required

and what steps a re to be taken to return the plant to its

norral operating condition.

9. Furnish technical advice and information as necessary upon

request from any outside agency such as the N.Y. State

Department of Health, N.Y. State Police, etc.

10. Nake any required notification as outlined in Paragraph 5.8.

Health Physics Honitoring Team

1. Hake on-site and off-site radiological surveys as directed

by the Command Group or Health Physicist.

2. Assist in personnel monitoring and decontamination as

required.

3. Eatablish exclusion areas and determine necessary radio-

logical controls.

4. Take necessary sters to limit spread of any contamination.
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5. Determine exposure times and personnel exposures. Maintain

exposure records.

6. iaecomaend and obtain necessary equipment and supplies to

bandle the situation in a safe and efficient manner.

7. Provide survey and monitoring services for personnel

evacuated from the site.

8. Based on the results of on-site and off-site radiation

surveys, provide estimates of the magnitude of the release

to the Coumand Group.

9. Advise and wssist personnell re-entering any high radiation

and/or high airborne activity areas.

7.* 3 GENERAL CONTINGENCY PLAN

9 7.3.1 Respansive Actions

The actions to be taken by the Central Ctntrol Room Operator,

the General Watch Foreman, the Contingency Coordinator, the

Command Group, and the Health Physics Honitoring Team are as

delineated for a Site Contingency. Ad4dtional actions are as

follows.

Cocuand Group

1. Send the Health Physics Monitoring Team downwind to the

site boundar., and beyond to perform a radiatiou survey.

2. Notify the fol * oving that a General Contingency hae been

declared giving 'ie details of the situation.

;a. C:ton Edlxon Mnnngiement

t). Stute of NLw York

c. Weutchester County
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d. Atomic Energy Commission

e. U. S. Coast Guard

f. Private Consultants 1

3. Determine the magnitude and extent of the incident by

evaluating information from the Central Control Room and

from the Health Physics Monitoring Team surveys. This

information will consist of instrumentation readings and

any survey results available, and will serve as a basis

for requesting outside assistance.

4. If the results of the evaluation of the envir:onmental

conditions exceed the criteria set forth in Paragraph

7.3.2, notify the State of New York Dept. of Health,

Bureau of Radiological Health Services, Westchester County

Dept. of Health and the AEC that immediate assistance is

requested.

5. Provide the State of New York and/or Westchester County

with the following information:

a. Radiological data

b. Meteorological data

c. Plant status

d. Engineering assessment of operating conditions.

6. Give all possible assistance to the State of New York,

and/or any other additional support groups as may be

required by the State of New York.

Health Physics Monitoring Team

1. Perform radiation surveys downwind at the site boundary

and beyond as requested by the -oomand Group.

2. Perform radiation survey for the State of New York and/or

Westchester County if required.

29 Supplement 5
1/70



3. Assist in personnel decontamination if required.

State of New York

1. Evaluate the data supplied by the Command Group and

determine action required.

7.3.2 Bases for Requesting Off-Site Support Group Assistance

If either one of the two following conditions listed below is

equaled or exceeded as determined by a Health Physics Monitoring

Team survey, off-site assistance shali be requested.

1. The results of a survey by the Health Physics Monitoring

Team downwind at the site boundary or beyond indicate

dose rates that could result in a 2 hour exposure in

excess of 250 mrem to the whole body.

2. The results of a survey by the Health Physics Monitoring

Team downwind at the site boundary or beyond indicate

radioactivity levels i.n the air equal to or greater than
-7 131.

8.1 x 10 PCi/cc bt'sed on I

10 CFR 100 lists criteria for designating an Exclusion Area

and a Low Population Zone based on exposure to personnel located

at any point on these boundaries during a hypothetical accident.

These exposure limits are given only for the purpose of evaluating

the site and a.'e not intended as emergency exposures during an

accident. A -.jlue of 1/100 of 10CFR100 levels is used as the

point at which off-site assistance shall be requested.

8.0 RETURN TO NORMAL OPERATIONS

In order for the recovery phase of the contingency to commence, the

conditions which caused the incident to be declared (Paragraph 4.2)

must no longer exist. It is the responsibility of the Command Group
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to determine that the Facility and/or the surroundings are safe,

together vith the mutual agreement of the AEC, the State of New York
and Westchester County if these agencies assistance was required.

The plant personnel will then return to the facility, and under the

direction of the Command Group, will begin the task of making the

necessary repairs and decontamination as required to bring the plant

back into normal operation.

0

S
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APPENDIX A

-14ERGENCY NOTIFICATION ROSTFR

A. Con Edison Site Personnel

Title

General Superintendent

Assistant General
Superintendent
(Acting Operations
Superintendent - Unit
No. 2)

Operations Superintendent

Reactor Engineer

Performance Superintendent

Assistant Maintenance
Superintendent

Aseistant Operations
Superintendents

Name Address and Phone No.

D. J. McCormick

A. A. Karkosza

T. M. Law

J. M. Makepeace

S. H. Cantone

A. S. Darden

R. L. Simms

28 Besen Parkway
Monsey, N.Y. - 10952
AC 914-EL-6-2118

Montebel
Garrison On lHdson, N.Y.
10524
AC 914-265-2552

261 Cordial Road
Yorktown Heights, N.Y. 10598
AC 914-245-7723

45 Tamarack Drive
Peekskill, N. Y.
AC 914-737-4170

John Alexander Drive
RFD Peekskill, N.Y. 10566
(9143 739-4174

17 Franklin Avenue
Croton On Hudson, N.Y. 10520
AC 914-CR-1-3574

15 Birch Parkway
Sparta, N. J. 07871
AC 201-PA9-7884

422 Elizabeth Road
Yorktown Heights, N.Y. 12590
AC 914-Y02-4305

151

I

Supervising Enineer
(Health Physics)

Assistant Superintendent

Production Engineers

A. A. Nespoli

G. H. Liebler

W. A. Monti

C. Limoges

3 Ronsue Drive
Wappingers Falls, N.Y.
AC 914-896-8375

Bloomer Road RFD No. 2
Mahopac, N.Y. 10541
AC 914-628-6709

Cortlandt Street
Crugers, N.Y. 105?1
AC 914-737-8908

12590

15
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B. Moroney

H. Shatkouski

1417 The Circle
Peekskill, N.Y. 10566
AC 914-739-5152

6 Polling Way
Hillcrest Park East-
Apt. 6F
Peekskill, N.Y. 10566
AC 914-737-5818

A2. Con Edison Management

Title Name

Manager - Nuclear Power
Generation Department

Vice President - Power
Supply

Executive Medical Director

Radiation Safety Officer

Chief Mechanical EnF-.neer

J. A. Prestele

T. A. Griffin, Jr.

S. C. Franco

W. F. Nelson

J. J. Grob, Jr.

J. D. Block

Address and Phone No.

42 Lynn Drive
Englewood Cliffs, N.J.
07632
AC 201-LO-7-3843

21 Besen Parkway
Monsey N.Y. 10952
AC 914-356-1819

8950 Colonial Road
Brooklyn, N.Y. 12209
AC 212-TE-6-4153

7 Toddville Lane
Peek&kill, N.Y. 10566
AC 914-737-3865

19 Brownitig Drive
Livingston, N.J. 07039
AC 201-WY-2-1501

920 Park Avenue
New York, N.Y. 10028
AC-212-628-8335

0

isI Vice President &
General Counsel

System Duty Representative

Director of Public
Information

Assistant Vice President
Power Generation Operation

Health Physicist

Variable Posted Weekly

15

W. 0. Farley

R. H. Fregberg

R. J. Bozek

17 Darrow Court
Kedall Park, N.J. 08824
AC 201-297-2746

40 Clark Street
Pleasantville, N.Y. 10570
914-769-0084

8 Richmond Place
Peekskill, N.Y. 10566
914-739-4629

33
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0 A3. Medical

Title Name

Assistant Medical Director A. C. Hamilton

District Doctors H. Henache

Station First Aid Attendant G. Blizzard

Address and Phone No.

590 Flatbush Avenue
Brooklyn, N.Y. 11225
AC 212-IN-9-9840

220 Tate Avenue
Buchanan, N. Y.
AC 914-739-1770

313 Delancey Avenue
Mamaroneck, N.Y.
AC 914-OW-8-3666

20 Tintern Lane
Scarsdale, N.Y.
AC 914-GR2-0696

550 First Avenue
New York, N.Y.
AC 212-679-3200

1980 Crompound Road
Peekskill, N.Y.
AC 914-737-0044

Medical Consultant (Nuclear) R. H. Albert, MD

N.Y. University Medical
Center

Peekskill Volunteer Ambulance
Corp.0
Verplanck Fire Dept.
(Ambulance)

8th Street
Verplanck, N.Y.
AC 914-737-9668

A4. Atomic Energy Commission N.Y. Operations Office
376 Hudson St.
New York, N.Y.
AC 212-989-1000

Division of Compliance
Newark, N.J.
AC 201-645-3960
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AS. State of New York

Bureau of Radiological Hfealth
Services

T. J. Cashman

W. J. Kelleher

H. Farbas

K. Anderson

State Police - Troop K

845 Central Ave.
Albany, N.Y. 12206
Hot Line AC 518-457-2055
Regular AC 518 457-2163

35 St. Stephens Lane
Scotia, N.Y.
AC 518-399-3121

182 Roweland Ave.
Delinar, N.Y.
AC 518-439-6281

50 Rapple Drive
Albany, N.Y.
AC 518-859-0676

44 Scotch Pine Dr.
Voorheesville, N.Y.
AC 518-765-4077

Hawthorne, N.Y.
AC 914-769-2600

A6. County of Westchester

Department of Health County Office Building
White Plains, N.Y.
AC 914-949-1300
AC 914-949-64 30If no answer

A7. U. S. Coast Guard Captain of the Port of
New York, Governors
Island, N.Y.

8:30 AM - 5:00 PH AC 212-264-8753
(Dangerous Cargo Officer)

5:00 PH - 8:30 AN AC 212-264-8770
(Operations Duty Officer)

AS. Local Authorities

Peekakill Police Dept.

Buchanan Police Dept.

926 Central Avenue
Peekskill, N.Y. 10566
AC 914-737-0003

Westchester Avenue
Buchanan, N.Y. 10511
AC 914-737-1033
AC 914-739-0802
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Peekskill Fire De~partment

Verplanck Fire De'partmient

Peekskill, N.Y. 10566
AC 914-737-3323

8th Street
Verplanck, N.Y.
AC 914-737-9668

A9. Consultants

Environmental Health M. E. Wrenn

Work:

245 E. 72nd St.
New York, N.Y. 10021
AC 212-628-8809
Tuxedo, N.Y.
AC 914-351-2368

Ster'ing Lake
Tuxedo, N.Y. 10987
AC 914-351-2937

I Environmental Health M. Elsenbud
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APPENDIX B

EMERGENCY EQUIPMENT

Health Physics Office

1. Emergency Procedures Book

2. Anti-Contamination Clothing

3. Re:-pirators

4. Beta and Gamma survey instruments

5. High level pocket dosimeters

6. Dosimeter charger

7. Spare batteries

8. Film badges

9. High volume air sampler

10. Filter paper

Service Building

1. Emergency Procedures Book

2. Anti-Contiamination Clothing

3. Respirators

4. Millipore pump and filter holder

5. Hurricane sampler and filter paper

6. Spare charcoal filters

7. High level pocke: dosimeters

8. High level ratemeter
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QUESTION 12.6

Describe the security measures to guard against and to detect unauthorized
access to:

- The reactor site.

- The control building and other principal buildings of the facility.

- The contairzent building.

- The fuel storage building.

A.'MWER

The security o-,sures =ployed to guard against and to detect unauthorized

access to various portions of the facility will be a logical extension oi

those prescntly in efrect for Unit No. I as described in Fxhibit 0 to

Docket 50-3. The fence enclosing the restricted area for Unit No. I

v41 be ertended to Include the comparable area for Unit No. 2 and

uitim-ately that for Unit No. 3. Access to the restricted area for all

personnel will be through nwnned sate housc. or locked gates which are

under direct control of the Station security forces.

Station security forces are proviced by the Burns International Detective

Agency, Inc., and coe under the direct supervislon of the Production Depart-

ment. In Aditiok% to controlling access to and ýrom the restrictLed area,

the Burns guards =kc routine patrols of all properties vithin the site

boundary outside of the restricted area and are required to wke ho-,rly

reports to the licensed Central Control Roan Operator relative to the nuibr-r

of guards present and the condition of the Indian Point properties. All

incldents are called in i~ediately to the Central Control Romc Operator.

In addition to the protection provided by the Burns guards, It is

recognized that the security of the station against accidental or cali-

clo-u intrusion, and the potential consequences thereof, is one of the nost

inportant responsibilities of the watch operating personnel. Ta.ard this

end. the folloing security steps are presently employed to insure such

protection:
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Once a watch, the Watch Foreman, General Watch Foreman, or Assistant

Superintendent shall tour all secured boundaries, i.e., the city

vateir meter house, the fuel oil pup house, the restricted area fencing,

etc., naking certain that all doors and windows leading into those

areas are properly secured.

2. If there is any evidence of naztho'ized penetration of Company

property Involving jeopardy to life, equipment, or unit reliability,

which, in the Judgment cf Watch Supervision invclves the need for

police protection, the entrgency operator No. 9 shall be contacted

and that protectcon requeuted.

3. In the e~vnt of unauthorized penetration of the plant, or any

restricted portion thereof, an i==ediate reviev of all systems and

equipment within that area of the plant is to be m.de by the opera-

tor responsible for that area, and any dazage or impaircent of function

ev~zluated and corrected as juickly as pes.uble.

4. Should any unauthorized entry be discovered by any me-.ber of the

watch force, ir=adiate notification of the Clneral Watch Foremsan

shall be =ade by way of the Central Control Room and the page system,

and an evaluation made by watc4h supervision as to whether police help

is required to renove the intrudii'g party.

All routine inspections and co'-unications with the station security

personnel shall be made a matter of Central Control Roon log entry.

Any unusual security occurrences shall be made a matter of 'eneral

Watch Forerm.'s log entry amd notification of the General Superintendent.

As Is the case for Unit No. 1, the p.ant is considered -s two separate

sections a3 far as accessibility is concerned. These sections are

the Conventional portion of the plant which includes the turbine

hall, heater bay building, screernwell area, central control room et%.

and the Controlled Are&. The Controlled Area, as defined in Title

10 CTR 20 as a Radiation area, inplies that ts. area is once that

Q 12.6-2 Sunplement 2
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requires control of access, occupancy and uoreing conditions for

radiation protection purposes. The Controlled area for Unit No. 2

wili include the containnt building, the fuel storage building,

the primary auxiliary builtirg and the ezergency diesel generating

building.

•Normal access to the Unit No. 2 Controlled area will be through the

existing Security Room for Unit No. I located in the Unit No. I Nuclear

Service Building. All other doors and hatches leading into the Con-

trolled Area dill be locked and will be supervised by mans of door

switches connected to the open-door alarm board in the Security Room.

and the category alarm board in the Unit No. 1 Central Control Room.

Poutine entry to the Contro.led Area waill be permitted only to

persoronel designated by the Production Department General Superin-

tendent or his authorized representative and vho meat the following

qualifications:

I. Have received special radiological safety training.

2. Havo Radiation Record on file in the Health Physics Office

and ha&v entry card filed in Security Room.

3. Have received required Xc-sics, Examination.

Infrequent entry into the Controlled Area for short periods of tine

=y be permitted to other Company employees or to visitors properly

authorized by the General Superintendent and escorted by a qualified

gui de.
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I.

QUESTION 12.7

Describe the extent of access to various portions of the facility (as

indicated above) anticipated for:

- Members of the general public.

- Offsite Con Ed employees.

- Offsite non-Con Ed technicians and engineers.

Describe the procedures to be used in admitting the above groups.

ANSWER

The extent of access to various porticns of the facility and admitting

proceJures anticipated for members of the general public, offsite Con Edison

employees and offsite non-Con Edision technicians and engineers is as follows:

a) Members of the general public

The Company maintains an observation and exhibit building at the

Indian Point site which is open to the general public during certain

days of the week. As part of the program presented to the public,

escorted tours are made to the plant during which visitors are shown

the turbine hall and are permitted to view Central Control Room opera-

tions through a glass enclosed booth which projects Into the west

end of the control room: The routes taken by the visitors are clearly

defined within the plant and indi~idual groups are unJer a qualified

escort at all times. Each visitor is furnished an Identification

badge before leoving the observation and exhibit bu&lding and is

instructed to wear the badge in full view at all times when in the

plant.

b) Offsite Con Edison employees

All offsite Con Edison employees who visit the facility are required

to present proper identification to the guard on duty at main gate

house to the restricted area and to sign in on a Report on Admission

Sheet. Before the employee enters the restricted area however,
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confirmation of the visit is made by the guard on duty with the

General Superintendent or his designated representative. The

employee is instructed to wear his Company identification badge

in full view at all times while in the station.

Where access to the Controlled Area is required by the employee

during his visit, special authorization must be obtained from the

General Superintendent or his designated representative. Upon

authorization to enter the Controlled area, the employee is assigned

a qualified guide who acts as an escort for the length of stay in

the area.

0) Offaite Non-Cor, Edison Technicians and Engineers

The extent of access for offaite non-Con Edison technicians and

engineers will essentially -be dictated by a "need to know" criterion.

Depending on the particular area of interest by an individual, access

may be limited to the conventional portion of the plant or may be

expanded to include the Controlled Area should the need arise.

The procedures for admitting personnel in this category will essen-

tially be the same as that for offsite Con-Edison employcps. After

signing --he Report on Admission Sheet and having been approved for

entry by the General Superintendent or his designated representative,

the individual will be issued an identification badge or button

and instructed to wear same while in the plant.

As with offsite Con Edison personnel, access to the Controlled Area

will only be granted upon special authorization by the General Super-

intendent or his designated representative. When access to the

Controlled Area has been authorized, the individual will be assigned

a qualified guide who will act as an escort for the length of stay

in the area.
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QUESTION4 12.8

Provide personnel resumds for the Superintendent Performance, Supervisor
Engineering (Health Physics), Assistant Superintendent (Maintenance),
Assistant Supervisor Engineering (Nuclear Plant Instrtientation, Health
Physics and Conventional Plant Instrumentation, and the remaining General
Watch Foremen.

ANISWER

Refer to the response to Question 12.1, pages Q 12.1-12 through Q 12.1-66,

as revised by Supplezment 12, and the response to Question 13.4, pages

Q 13.4 (3)-3 through Q 13.4 (3)-5, in Vol.e 5 to the FSAR.

0
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Question 12.9

Indicate, relativt to Figure 1, Section 12, Supplement No. 2, the
anticipated ntnber .f individuals under Lhe follcvlng job titles:
Maintenance Mechanics, Technical Assistants (Chemist), Senior
Production Technicians (Shift Chemist), Production Technicians
(Chemist), Senior Production Technicians, Production Technicians
(rerformance), Technicians (Nuclear Plant Instruments), Technicians
(Shift Health Physics) and ..echnicians (Conventional Plant Instruments).

Ansueer

Refer to Figure 1 of Question 12.1 in Volume 5 to the FSAR as revised

by Supplement 12.
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Question 12.10

Indicate on Figures 1 & 2, Section 12, Supplement No. 2, all positions
for which you intend to license personnel on Unit No. 2; whether the
licenses are Senior Operator Licenses or Operator Licenses; and whether
these persons will be "cold" or "hot" licensed.

Answer

kefer to Figures 1 and 2 and page 12.1-11c of Question 12.1 in Volume

5 to the FSAR as revised by Supplement 12.

C
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0
Question 12.11

tias the staff of the Superintendent Performance and/or the staff of
the Supervisor Engineering (tHealth Physics) been expanded for Unit
No. 2 operation and Ii so, describe the specific training received
b, the new personnel, including course content and number of hours.
Describe the training to be received by the Superintendent Performance,
Assistant Superintendent (Maintenance) and the Supervisor Engineering
(Health Physics), including, course content and the number of hours.

Answer

Refer to the response to Question 12.1, in Volzume 5 to the FSAR, pages

Q 12.1-11 to Q 12.1-1lb, as revised by Supplement 12.

0
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QUESTION 13.1

Provide a description of the primary coolant system vibration tests which
will be performed for Indian )'oint 2. Include the number type and location
of the instruments for each test and state flow conditions for each test.
Discuss the need for any such instrumentation to remain available during
plant operation.

ANSW•E

REACTOR COOLANT SYSTEM VIBRATION TESTING PROGRAM

TDo tests programs will be performed on the Indian Point Unit No. 2 Reactor

Coolant System to measure the dy.amic behavior. The two programs are I.

Reactor Coolant System Impedance Test, and II., Reactor Internals

and Reector Coolant Systeri Loop Vibration Test Under Steady State and

Transieut Conditions.

I. Reactor Coolant System Impedance Test

The purpose of the impedance test is to determine the natural frequencies,

mode shapes and damping of the main components of the Reactor Coolant

System. These tests will be performed with the Reactor Coolant System

filled with water and will be performed prior to the installation

of the core and control rods. The reactor coolant and charging pumps

will not be in operation during the test.

Electromagnetic shakers will be attached at several points on one of the

Reactor Coolant System loops so that normal modes of the otructure can

be excitad. Accelerometers will be used to measure the response of

tha structure. The mode shape and damping at the natural frequencies

will be deduced fiom acceleration measurements made at several points

on the structure while vibrating at a natural frequency. The shaker

will he attached at selected locations on the steam generator, reactor

coolant pumps and loop piping, for example, the present plans are for

the following locatiotns:
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a. Steam Generator No. 21, 'v65' elevation, circumferentially (i.e.,

tangential to the wall of the vapor container).

b. Stem Generator No. 21, between the 100' elevation and the 120'
elevation.

c. Main Coolant Pump No. 21, %62' elevation, circumferentially.

d. Main Coolant Pump No. 21, 'u83' elevation, circumferentially.

0. Main Coolant Pump No. 21, "-83' elevation, radially.

f. Intermediate Log, Loop No. 21, %54' elevation, radially.

Thirteen monitoring accelerometers will be attached to the structure

at the locations specified in Table Q 13.1-1 under external transducers.

In addition one or two hand held accelerometers will be moved from

point to point t3 establish the exact mode shape. All shakers and

acceleromoter cables will be routed to a readout station from which

the excitation will be controlled and response will be measured.

An Initial impedance plot will be obtained by exciting the structure

at a constant, low force level from a frequency not less than 1 Iiz.

to a frequency not greater than 300 Itz. This will be followed by

additional sweeps at higher force levels to facilitate detection

of natural frequencies which have relatively low response. A determination

of the mode shape at each natural frcquet..oy of interest is made by

measuring the amplitude and phase of the acceleration response at

a large number of points relative to the drive point.

Data from which damping can be deduced will be obtained by suddenly

opening the electrical input of the shaker while driving at a natural

frequency and recording the resulting decrement.

11. Steady State and Transient Internals and Loop Vibration Measurements

The objectives of the instrumentation program for the second phase

or testing are as follows:
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1. To obtain data that provides increased confidence in the

adequecy of the internals structures by establishing the

design margins at key locations on the structure. The strain

gage and mazimum displacement indicators are used primarily

for this purrose.

2. To obtain data that can be used to develop improved analytical

tools for the prediction of internals vibrations. Comparison

with the 1/7 scale model data and establishing model validity

are part of this objective.

Instrumentation will be provided fer the reactor coolant system major

components, i.e. reactor vessel, reactor internals, reactor coolant

piping, reactor coolant pumps, and steam generators.

Reactor Vessel and Loop Piping

Six accelerometer will be located on the vessel, three on the vessel

head studs and three on the bottom of the vessel as in Part I (shown

in Table Q 13.1-1). The six vessel tranducers are arranr-- qo that

the rigid body motion of the vessel can be measured. The loop piping

will be instrumented with pressure tranducers which will b- installed

in temperature wells on an inlet and outlet leg. In addition, Z"e

data from the external transducers will be correlated with the intex.-qlu

data in an attempt to establish remote estimation of internals motions.

Steam Generators

One of the steam generators will be instrumented the same as described

in Part I (see Table 13.1-1) of the testinp program and will measure

its gross motion. The dynamic analysis performed on the steam generator

tube bundle is described in the response to Question 4.7.
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Reactor Coolant Pumps

One of the reactor coolant pumps is equipped with three accelerometer

mounted at the top of the motor support stand (See Table Q 13.1-1).

They are mounted in a horizontal plane to pick up circumferential

and radial vibrations of the pumps. Prior to vibration testing (during

preoperational tests) the reactor coolant pumps are checked to ensure

that they are within limits. The balance and alignment can be adjusted

if they are not within limits initially as described in the response

to Question 4.7.

Reactor Internals

The reactor internals will be monitored with strain gages, accelerometers,

pressure tranducers, and maximum-displacement indicators. There

will . i 46 strain gages, 14 accelerometers, 5 pressure tranducers

and 14 maximum-displacement indicators.

The instrumentation will be utilized as follows:

i. Guide Tubes - The instrumentation to be used on the guide tubes

is the same as that used on the Zorita and Ginna reactors. Three

guide tubes are to be instrumented with strain gages. The central

guide tube was selected because it would have no set cross flow

velocity during four pump operation; a guide tube near the outlet

nozzle at I 1500 was selected because it is expected to have

the highest cross flow velocity with the initial complement

of guide tubes; and a guide tube near the opposite outlet nozzle

at -- 330* was selected because it is expected to have the highest

cross flow velocity for plutonium recycle operation. In the

1/7 scale model tests for Indian Point No. 2, the guide tube

located at 1v 1500 was similarly instrumented. This d-ta will

be used to compare the scale model with the actual plant.
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The response of the guide tubes over the expected range of vibratton

frequencies will be measured with strain gages and accelerometer

to provide strain versus amplitude data and to assure that the

proper location for the strain gages has been chosen prio: to

installation in the reactor vessel.

2. Core Barrel

Upper Core Barrel - Strain will be measured at two locations

on the core barrel; 1) just below the core barrel flange and

2) at the upper to lower core barrel weldment which is a reduced

cross section elevation (See Table Q 13.1-1).

In addition, an axial strain gage will be placed on the

outside surface of the barrel, radially inward from the

centerline of an inlet nozzle. This gage will be used to obtain
an indication of the stress due to the ram effect of the inlet

flow against the core barrel and to compare with previous data

taken at this locetion on the 1/7 scale Indian Point KN. 2 model,

the 1/13 ENEL/SENA model and the Obrigheim plant.

Accelerometers are located on the upper core barrel to determine

the vibration of the upper core barrel in its shell modes. This

information should contribute significantly to understanding

the upper barrel strain gage readings.

Accelerometers have also been placed on two thermal shield suppo,.t

blocks to obtain information on the vibration of the core barrel

in its ring modes and beam modes. Data are available from the
1/7 scale model at similar locations.

3. Thermal Shield

Thermal Shield - The measurement of the maximum stress in the

thermal shield with a reasonable number of strain gages is

Supplement 8
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impossible because of the number and non-uniform spacing of supports

and the flexibility of the core barrel. The most highly strained

bolt that fastens the top of the shield to the core barrel will

be instrumented with four strain gages. One of the four gages

Is redundant so that loss of one gage will not result in the

loss of all information from this location. To measure the

desired strains, the gages will lie in a vertical plane passing

through the core centerline when the final torque on the bolt

is reached (See Table Q 13.1-1).

Three flexures are to be instrumented. The locations of the

gages are at 0% 90* and 240*. These gages will provide the

data needed to determine the forces in each of the instrumented

flexures.

Three accelerometers are located at the mid-elevation of the shield

and one near the bottom to provide datai to assist in the

interpretation of the strain gage results and to compare with

1/7 scale model data. Supporting data will be obtained from

model and full-scale impedance tests.

Pressure measurements will be made at the inside and outside wall

of the thermal. shield. Four pressure transducers to measure

the fluctuating static pressure have been located near the

top (82 1/2') and bottom (28*) of the thermal shield.

Fourteen maximum displacement indicators will be installed into

th~i thermal shield snubber holes which are not occupied by pressure

transducers (eleven at the upper end aud three at the lower end).
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WThe maximum decreane in the proximity of the thermal shield

to the core barrel and the vibratory motion of the thermal shield

relative to the core barrel is obtained from these indicators

by interpretation of stylii scratches.

4. Upper Core Plate

Upper Core Plate - Four accelerometers on the upper core plate

will be used to define the horizontal motion of the upper core

plate. This information will be used to determine the degree

to which base motion excites the guide tubes and support columns

(Refer to Table Q 13.1-1).

5. Top Support Plate

Top Support Plate - A pressure transducer will be mounted on

*the top support plate so that it is sensitive to vertical pressure

fluctuations in the upper plenum. In addition to providing

pressures in the upper plenum it will be useful in relating

the other pressure transducer signals to each other. A pressure

transducer was placed in a similar location in the Obrigheim

reactor.

Tnstrumentation Description

Tranducers measuring strain, acceleration and pressure as well as

maximum displacement indicators will be used.

1. Strain us - The strain gages will be integral lead gages

similar to those used for the Zorita and Ginna experiments.

The minimum sensitivity is greater than 3 ji in/In from .0 Hz

to 1000 Hz.
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2. Accelerometers - Piezoelectric accelerometers having a sensitivity

of A, 200 pc/g are to be used with resolution expected to be

greater than .005 g from 5 Hz (+ 0.002 inches) to 1000 liz.

3. Pressure Transducers - Piezoelietric pressure transducers will be

used which have a resolution of 0.2 psi. The diaphrams of the

pressure transducers will be flush with the surface where pressure

is being measured.

4. Maximum-Displacement Indicators - The maximum-displacement indicators

are similar to those used in the Zorita and Ginna experiments. The

internal spring-loaded plunger within the displacement pin

is designed to follow the relative L yclic motion between the

thermal shield and core barrel, thus causing the two stationary

sprLng-loaded stylil to leave small markings on the plunger. These

marks provide a direct indication of the magnitude of the vibratory

motion. The displacement indicators consist of a cylindrical

pin held by means of a clamping fit within a housing block 6
mounted on the thermal shield. The pin is assembled and adjusted

within the block so that it is tight against the outer diameter

of the core barrel. Sufficient clamping force is exerted on

the pin to assure that the pin will move within the housing

block only by a relative motion of the thermal shield toward

the core barrel. This will create a gap between the end of

the pin and the core barrel that can be measured during the

post hot functional inspection. These measured gaps will provide

an indication of the total relative motion between the thermal

shield and core barrel resulting from thermal differential expansion,

hydraulic forces and vibration.

Test Conditions

For Part II tests the following conditions will be required:
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1. During cold hydrostatic testing, data is to be taken at one

primary coolant temperature (less than 150*F). This temperature

will be established by the temperature that exists when time

for the testing occurs in the schedule. The temperature will be

kept within + 20*F during the testing.

2. During the hot functional tests, data is to be taken at a low

temperature (less than 150 0 F) and at the maximum test temperature.

Again, the main coolant temperature will be kept within + 20'

while data is being taken. During heat up, a selected number

of instruments will be monitored continuously.

3. At the completion of hot functional testing, it is currently

planned that all instruments be removed except six strain gages

on two guide tubes, three strain gages on the core barrel, one

pressure transducer on the top support plate and the thirteen

accelerometers on the outside structure. These instruments will

be monitored during pre-critical testing after the core has

been loaded. The measurements will be made on these instruments

for steady state and transient conditions. Data will be taken

during control rod exercising, with and without moving the

rods in the instrumen.ad guide tube at the same temperat,,-e

condition as specified in 1.) and 2.). For the above tests,

data will be recorded during startup transients, shutdown transients

and steady flow with several combinations of reactor coolant

pumps running including each pump operating individually and all

4 pumps operating simultaneously. At the first refueling, the

internal transducers will be removed.

The Reactor Coolant System testing program, outlined above, when

coupled with experience from off-site testing, model testing and

data from other recent testing programs on operating plants provide

assurance that in-service vibration monitoring instrumentation is

not required. This subject is discussed further in the response

to Question 13.2.
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X 'Behind Inlet Nozzle 57 1/2' A 1

X X Weldment Upper- 00 A 2
XI Lower Core Barrel 00 C 2

x xl 900 A 2
X X 900 C 2

X Nozzle Elevation 0* R I

x , 450 R

XI 900 R

X I2700 R 1

XI On Thermal Z2 1/2 R l

X 1 Shield Support Blocks L12 1/ IR I

A - Axial

C - Circumferential

R - Radial
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0
TABLE Q 13.1-1 (Cont'd)

V4L

0 0

X X Snubber Pin Top 82.50 R 2

X X Holes Bottom 280 R 2

X Hid Elevation 00 R 1

900 R 1

Flexures 00 R 6

900 R 6

2400 R 6

Top Support Bolt 67 1) 2R 4

X Mid. Elev. 2700 R 1

X Near Bottom 900 R 1

Top Surfac2 00 R 1

00C,0 0 C 1

1800 R 1
r. 1800 C 1

_ _ _ _ _ _ _L_ _"__ _. -

Bottom Surface

PhE-.

fU,
3 104

A I

- -- -- S -n- -
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.ABLE Q 13.1-1 (Cont'd)

- - - . - . a

(I'

In

-.1

15j

Near Top Supt. Plt.

I Poe. D-14 (Plut. Recycle)

I1H-8 (Center)

K-2 (Max. Vel.)

E XTERNAL TRANSDUCERS

:Vessel [lead Studs

X
X

x Bottom of Vessel

X

X Inlet Leg (21, 22 & 24)

X Outlet Leg (21)

Steam. Generatox -x651 (Support Pad Elev.)

No. 1 -120' (Near Top)

I

Main Coolant
Pump No.21

%62' (Support Pad

,-83' (Top Motor Fi

Intermediate "-54' (Center of Pipe)
LeB__ (Loop 21)

Containment -46'
L Floo r..

*These Instruments in addition to portable accelerometers will be used

during the Impedance Test to determine mode shapes.
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QUESTION 13.2

Discuss the possible means of in-service monitoring for vibration and the
presence of loose parts in the reactor pressure vessel and other portions
of the primary system and your plans to implement such means as are found
practical and appropriate.

ANSWER

The design of Indian Point Unit No. 2 reactor and associated equipment is

based on extensive analytical, test and operational information. Westinghouse

PWR operating experience to date has been evaluated and the information

derived has been incorporated where appropriate in this design. For example:

(1) The Indian Point Unit No. 2 design uses a one piece thermal shield which

is attached rigidly to the core barrel at one end and flexibly attached at

the other. The early designs were multi-piece thermal shields that rested

on vessel lugs and were not attached. (2) The Indian Point Unit No. 2 design

uses a one piece core barrel. The early core barrel design had upper

and lower cylinderical sections bolted together. An example of a design

modification based upon operating reactor experience occured on the original

San Onofre thermal shield. The thermal shield originally supplied for the

San Onofre station was not rigidly supported. Evidence of vibrations find

when tite internals were inspected after hot functional testing before

completion of plant construction indicated that modifications were required.

As a result, the San Onofre thermal shield support was modified to the

Connecticut Yankee design and hot functional testing was repeated. Inspection

after this testing showed that vibration was reduced to insignificant levels.

"o'Lt reactor internals are similar to those used in the Ginna,

C%' Yankee, and Zorita reactors. Tests performed in these reactors

havw omed the design used does not have significant vibrations. The

results of the Ginna tests, reported in Westinghouse proprietary report

WCAP-74L3-L, add additional assurance that the internals design is not subject

to significant vibration levels. The testing performed on the Indian Point

No. 2 reactor coolant system will include similar tests as described in the

response to Question 13.1.

Q 13.2-1 Supplement 7
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The reactor coolant pump vibration is monitored for alignment and balance

prior to the loop tests. Excessive vibrations from the pumps can be

eliminated by on-line adjustment. In addition, vibration monitors will

be mounted on tile pumps as described in the response to Question 4.7 and

13.1.

The steam generators have been extensively studied for tube bundle vibration

as stated in the response to Qiestion 4.7. The analysis and testing of

similar steam generators indicate that tube bundle vibration is insignif-

icant. During the vibration testing, described in the response to Question

13.1, accelerometers will be mounted on a steam generator to monitor system

interaction.

One loop will be instrumented on Indian Point No. 2 to measure pressure

fluctuations and vibration levels in the loop. These measurements will

establish the frequencies that exist in thle loop from the reactor coolant

pump operation :.s,, verify that the levels of vibration are low.

The design of the Indian Point reactor coolant system reduces the probability

of loose parts within the system to a very low level. The design of tile

reactor internals has been based upon eliminiting sources of loose parts.

Information from investigations of Instances where loose parts have occurred

is factored into the design. Furthermore, since loose parts are most commonly

generated from excessive vibration in operating systems, the lack of signif-

icant vibration levels in the Indian Point reactor coolant system (confirmed

by actual plants in operation and to be verified preoperational tests 'es.ribed

in the response to Question 13.1) make inservice loose part monitoring

unnecessary.

Some of the instrumentation in the vibration testing program wil, be

left on Lae reactor coolant system (in particular tile reactor vessel, two

guide tubes, tile core barrel, and the top support plate) following the hot

functional tests to provide additional data during the low power testing.

;t is thus considered unnecessary to .rovlde fcr inservict, vibration and loose

parts monitoring on the Indian Point Unit No. 2 Reactor Coolant System. The

experience, analysis, research and proposed full scale testing program

combined are considered adequate to provide the necessary assurance that

excessive vibration and loose parts are not concer's.
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QUESTION 13.3

We understand that "preopet itional" tests are to be performed to verify the
stebtlity of the reactor with respect to potentirl xenon oscillations in the
X--Y plane. Please deasrrbe these tests in detail. What in-service testing,
monitoring, or surveillance is to be perfor-med to assur- continued X-¥
stability during reactor lifetime?

ANSWER

Since axial instability is anticipated and means for detection and control

pirovided, only tests to demonstrate diametral stability will be necessary at

startup.

The test sequene.e proposed would be approximately as follows:

a) Bring plant to rods-out (to withdrawal limit) xenon-equilibrium

at a power level as near full power as reasonable without

exceeding saZety limits anticlpa.ed after the power anomaly is

inserted. This will take about one day at most, depending on

prior operating history.

b) Manually insert one off-center control clusLer, Lolding power

steady with bocon dilution of approximately 10-15 ppm.

c) W-i•. one hour, Zhen withdraw the cluster, holding power steady

with boron injection, of about 10-15 ppm.

d) Hold power steady for about 120 hours (the longer the run, the

clearer the results) periodically (4-hour period) logging ex-core

currents and thermocouple readings. Partial moveable in-core

power maps will also be of interest. The partial maps would be

made on a 4-hour or 8-hour period.

If fixed in-core signals are available, thote signals will also be

*collected.
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a) Evaluation: The results will be satisfactory If the observed

diametral oscillation convdrges. In the unexpected event that

ra•ulcs are not satisfactory, one or more of the proposed backups

vill be eaployed, and the test will be repeated.

Although corrective action is not expected to be necessary, the backup

options which ure available ara as follows: (For details see WCAP-7407-L,

Section 3.1.3.

I) Insert control rods in order to reduce the required boron concentra-

tion and thereby increase the negative moderator coefficient feed-

back e-fect. At BOL, when the problem might arls-, there is an

excess shutdown margin under hot full power conditions (see IP-2

FSAR, Table 3.2.1-3); consequently, some of the control rods could

be used to increase the reactor dia=etral xenon stability, if

needed, without compromising the reactor safety (i.e., mlniw/um

required shutdown e3rgin will be maintained).

2) Add poison shims (burnable or fixed) to accomplish .n increase In

reactor stability as indicated above. 1he nu=ber and location of

thestc poison shims (to avoid pover peaking problems) vould have to

be assessed aftes. the fi.-st oscillation test reveals the magnitude

of corrective action required.

3) Operate ac a reduced power level to assure reactor stability and

the existence cf adequate safety margins. Operation at reduced

power would .antinue until burnup has sufficiently reduced soluble

boron concentration to result In a scable reactor response to a

dianetral oscillation.

1R.F. Barrry et al., Power ,Maldtstribution Investigations, Report I6CAP-76O7-L
(Proprietary Class 2), Westinghouse Electric Corp.
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In any event, the reacCor will not be operated at full power until tests,
as described abov, have veriiied that the reactor is stable toward diazetral
xenon oscillations.

As described in the IP-2 FSAR, Appendix 3-5, instrumentation is provided to
continuousll monitor core performance for the existence of any diaretral
xenon oscillations (power tilts) and to alert the operator to any pcwer
anomalies. Further assurance is provided by the follQving instrunent checks :

a) Control rod linear position Indicators W4'l1 be checked against

the digital position counters when rods are moved.

b) Out-of-core detector response will be checked against the core
theraocouples during power level change.

c) Out-of-core detector response %rill be checked against the Moveable
in-core detector response during power level change.

d) Out-of-core detectors will be tested in accordance vith the
technical specification requirements.

These provisions give assurance that throughout reactor lifetine the core
can be maintained within thernmal linits (designed nuclear hot channel factors).

0
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lb RUESt1O0I 13.4

With regard to the startup organization:

1. Identify chains of respornsibility and authority fc•r all groups
participating in the Initial tests and operation of the facility,
including IVestinShouse Support Groups.

ALSI(ER

The staffing, training asd experience of the proposed operating organzation

for Indian Point No. 2 is described in detail in Section 12.1 of the Final

Facility Descriptio• and Safety Analysis Report, and Con Edisoi's reply ro

Question 12.1 in Supplement No. 2. the chains of responsibility and authority

for those Con Edison site personnel participating in the initial testing and

operation of the facility will be the sane as that des':ribed in Section 12.1.

Additional support will be drw.-n, '.-hen required. frcm various technical

support groups within the company. The six najor technical support groups

vlthin the Ce-pany are the Inside Plant Bureau of the Electrical Engireering

Depaztntr, the Nuclear Engineering Bureau and Mecbsnic•I Plant Engineertng

Bureau of the Mechanical Engineering Department, the Plant Sturctures Zureau

of the Civil Engineering Department, the Design Engineering Bureau of the

General Engineering Department, and the Technical Services Bureau of the

Technical Services and Nater LDepartment.

Due to the "turnkey" nature of the Indian Point Unit No. 2 contr ict, close

cooperation between Con Edison and Westlng)ouse during all phases of startup

testing and Initial operation vwil be essential to insure that all procedures

are executed in a safe and efficient annar. Tcmard this end, one of the

Station's Production Engineers has been assigned to the position of Teat

Coordinator. The Test Coordinator, as a menber of the Unit No. 2 startup

group, will be responsible for reviewing all test procedares to determine that

operetions vii be conducted In accordance vith Coc-pany rules and regulationy

and the pr$asioas of the facility Technical Specifications. In addition,

the Test Coordinator will provide lison services between the Company and

Wentinghouse relative to all testing activities and will participate in the

review and evaluation of all test results- The Test Coordinator vill report

directly to the Cnit No. 2 Operations Superintendent.
S applwent 8
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The organtization chart for the Con Edison start up group is given in

FiSurs 13.4.1-1. The organization chairt for the IJDCO operations is

Ztlvm In Ch1arts I and U1 (Figuies 13.4.1-2 and 13.-41-3).

Chart 1:

SrAffing of the IEDCO Operations groop has been fulfilled with the intent

of satisfying t'to major objectives. The fir.t objective was tiae p~antbing

and scheduling of test procedure isie and the necessary writing, review and

approval of test procedures. Concurrent rith this effort, flushing and

hydrostatic tests are to be conducted as litited by construction cocpletion.

Chart No. I shows the organization created, and currently in existence, to

satisfy this objective.

Chart II :

The second objective was to staff amd modify the organization to perform a

culti-shift test program wihen construction is essenri. 'Iy co•plete. This

organization wiil technically direct the test progra on shift ihrough

assignmrent of Startup Dire-.ators. Tbe Startup Directors will be selected on

the baste of proven competence and experience during the period of preli.inary

tvsting described above. They will report to the Startup Manager. In sup*orc

of this on-shift test effort, che Test Program Manager will continue to

supervise test procedure writing and revision, material coordination, tech-

nical support requirementa to permit the shift testiug organization to direct

the test propa= at maximum productivity. Chart No. II shows the organization

that will be created to neet these objectives.

The respoosibillties, authority, and position requirements for each position

are given in the individual position descriptions and resues of Question 13.4.2.

Q 13.4(1)-2 Supplemnt 8
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QUESTION 13.4

With regard to the startup organization:

2. Submit personnel resumes for Westinghouse personnel participating
in or acting as support during the initial tests and operation of
the reactor.

ANSWER

Each position given in the charts for the response to Question 13.4.1

is described on the following pages of job descriptions and personnel

resumes.

0

0
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Position Title; Manager, WEDCO Operations (Chart I "A")

PrLmary Function:

Manago thu activities of the operations section in conduct of plant startup,

including core loading, from point of construction co=pletion through

coerc.ial operation. This responsibility Includes issue and approval Uf

all test procedures and manrals required for control of above activities.

Duties and Renponsibilities:

1. Plan and .ichedulv work load, assign work; recon=end budgets, control

expenditurea, select and train subordinates, review perforuance of

subordinotes, reco--end wage or salary adjustments, report rsul1ts

Aud unusual situations to iLediate supervisors.

2. Hake Decisions and Take Action

a. Establish the Operations organization chart, initiate job

descriptLons and duties, hire and assign personnel.

b. Fornulaac policies and procedurcs to direct activities of

subordinates. Sec that policies and procedures are correctly

implemented.

c. Direct the activLites of the Startup Manager, Procedures

Supervisor, Refueling Director and Tralning Coordinator.

d. Determine limits of responsibilities for each department

(Sr.artup, Training. Procedures, Refueling).

C. EstablLsh working relationship with other WEDCO departments

(construction, engineering, financial, etc.).

a

I
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f. Supervise the Imediate and follow-up actxon taken in the

event of significant startup problcms with equipment/co=ponents.

g. Superv se action, prior to plant/system acceptance, in event

plant/systems be operated beyond approved limits. Evaluate

need for repair/replacement and propose =rthods to prevent

similar problems.

3. Haintain Relationship with other Departments and Agencies

a. Request services of chemistry, radiological control, quality

assurance, etc. groups. Implec.ent policies of these groups

with respect to operations groups responsibilities.

b. Request services of vendors, suppýLers, other Westinghouse

technical and field groups. Direct their activities at the

site as necessary.

c. Maintain close relationship with utility -- inagament personnel

in coordination of their needs and denands with Wr:DCO policies

and schedules.

d. Provide techuical and practical information on test program to

engineering and design groups to continually improve method,

procedures and schedules.

e, Com.unicate with other Turnkey projects to ensure "lessons

learned" are e~xchanged and used to continually iuprove pace and

progress at Turnkey sites.

4. Occasional Duties or Special Assignents

a. Serve as Chairman, Test Re~lease Committee

(1) Provide final approval of equipment/sysrem test conduct
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(2) Determine adequacy of test procedure for safe & efficient

cond;ct of tetý.

(3) Determine preparation of plant and personnel to safety

couduct test.

b. Participate in "walk-through" and oral examination of utility

trainees as requeoted to evaluate preparation for examination.

c. Participate in planning and scheduling meetings with other

responsible section r•nagers to determine short & long range

commitmients.

d. Provide recommendations for and supervise such other special

tasks as directed by the Executive Vice President.

5. Problem Solving

a. Identify rchedular delays before they occur and take action

to eliminate then.

b. Evaluate schedular delays as they occur and take action to

reduce their effect.

c. Revise procedures, manuals and directives to permit continued

progress in meting commitments.

d. Resolve utility requests and dezands in satisfactory manner

while moaintaining targeted pace and go•I.

e. Resolve critical proble-m identified by groups and individuals

under my control. Assign rzsponsibility as necesnary, determine

need for attention by higher authority.

E

E

4

4
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f, Carry out testing and refueling program requirements of other

Westinghouse NES design and engineering departments in coordination

with Turnkey Programs and Schedules.

6. Decision Making

a. Determine adequacy of plant operating, testing, refueling, and

training procedures and methods.

b. Determine preparation of plant and personnel to conduct testing,

zefueling assignments.

c. Determine and approve expenditures for materials & supplies to

support activities.

d. Determine and approve expenditures for repair, modification and/or

replacement of major components or systens or portions thereof.

e. Determine hiring, transferring and discharge of assigned personnel.

f. Determine need for rerates, reclassification of assigned personnel,

and take action.

g. Determine necessity for above normal working hours and assign

personnel, compensate as appropriate.

Position Requirements:

1. Education - High School, College (B.S. or SLienc2 degree)

2. Specialized or technical knowledge and skills - Must have substantial

previous experience in operation, testing & maintenance of nuclear

power plants. Must have completed formal technical training ant

qualification in nuclear plant operation including plant & system
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design & construction, safeguards analysis, emergency procedures &

environmental hazards. Should have. previous core loading/defueling

experience including criticality control and fuel handling procedures.

3. Types of work experience. Minimum number of years for each.

Plant Operation, Startup & Testing - non-supervisory - 6.8 yeats

Plant Operation, Startup & Testing - Supervisory - 4-7 years

G
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Personnel Resume (Chart I "A")

0
Education:

High School

B.S. Marine

Experience:

1953 - 1954

1954 - 1956

1957 - 1950

Graduate - 1948

Science - U.S. Merchant Marine Academy - 1953

0

- Third Officer - Isthman Steamship Lines - Watch Officer

responsible for supervision of watch at sea and In port..

- U.S. Navy - Division Officer - U.S.S. Juneau, responsible

for activities of gunnery division. Asst. Gunnery Officer

and First Lieutenant U.S.S. Boston, responsible for coordina-

tion of activities of gunnery divisions and maintenance of

all non-engineering spaces.

- West aghouse Elect. Corp. - Lead Construction Follow Engineer -

Responsible for group of six engineers in follow of construction

and startup testing activities of AIW Prototype at the Naval

Reactors Facility, Idaho Falls, Idaho.

- Qualified as Reactor Engineer at the AIW Prototype.

Responsible for initial checkout and calibration of all

reactor control and &eam plant instrumentation on shift.

Assigned to operations crew prior to initial criticality

of first plant, remained as Reactor Engineer through full

power testing and operation of first, plant, initial critical-

ity of second plant and initial dual plant power operation

of both plants.

1958 - 1960

1960 - 1961 - Qualified as Chief Operator of SiW Prototype at the

Naval Reactors Facility responsible for nuclear plant

operations on shift. qualified as Chief Reactor Technician

on the S1W Prototype responsible for all instrumentation

and control checkout, calibration and maintenance and

protective system readiness for on shift. Served as Staff

Asst. to SXW Plant Manager.
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1961 - 1962 -

1962 - 1963 -

1963 - 1965 -

1965 - 1968 -

1968 - 1969

7-60 - 9-69 -

Served as Technical Asst. to Operations Crew Supervisors.

Assisted Crew Supervisor in direction of operations

per•-onnel on shift during power operation, reactor startup

and shutdown, testing, refueling, shutdown for maintenance

and modification and training of Naval Personnel.

Served as Operations Crew Supervisor on shift with super-

visory respon.sibilitiea for all shift activities in the
$lW Plant.

Served as Training HXr. for the SiW Plant, responsible for

the training program of Naval and civilian personnel assigned

to SiW. Served as Oral Board Chairman during qualification

of over two hundred Naval Officers and enlisted petty officers

and civilians as Engineering Officqrs of the Watch.

Served -. .9gr. of SIW Operations, responsible for activities

of four Operations Crew Supervisors in supervision of SiW

Plant Operations. Thse~ duties included =nageiment of 35

Westinghouse ceployces, 120 Naval Officers and enlisted

can in their duties during operation, testing, maintenance

and training periods. These duties also included preparation

of .2ll personnel for periodic requalification by the Naval

Branch of the AEC.

Served ,s Shutdown Manager for the AMW Prototype.

RespontLble for =anagement of the partial refueling of

tht- %14 "A" plant, a first of its kind evolution. Also

respon.ible for the AIW plant uintenmince and mo ficat ion:,

conducted concurrently with the Refueling Shutdown.

Westinghouwse Elect. Corp. - Turnkey Division - Reassigned

t,7 Turnkey Division as Operations Hgr. Turnkey Projects,

Assisted General Xgr. turnkey DI'-tuion in coordination of

Startup Activities of Turnkey Projects.

0
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0 9-69 -

Present -

Operations Hgr. - Indian Point Projects - Responsible

for all operations activities for Indian Point Pro-. .ts -

Units 2 and 3.
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Position Title: Assistan2t Manager for Operations-NSSS (Chart I "A.1")

Primary Function:

Manage portions of the operational activities which are required to bting

a new nuclear power plant to a licensible and acceptable operating condition.

Duties and Responsibilities:

1. Plan and schedule work load; assign work; recommend budgets, control

expenditures, select and train subordinates, review performance

of subordinates, recommend wage or salary adjustments, report results

and unusual situations to immediate supervisors.

2. Plan the activities of operations mction with regard Lo test procedure

writiug, review and issue, conduct of testing, manpower assignments,

ovtrtime compensation, control dates for start and completion of all

above to properly carry out startup and acceptance of nuclear power

plant. 0
3. Coordinate construction activities through establishing test starting

dates and ensuring construction completion dates will support test

and acceptance program.

4. Direct activities of construction personnel (foremen and craftsmen)

during initial testing.

5. Determine engineering requirements as to system and equipment control

parameters and report inadequacies of design.

6. Supervise preparaion of operational information, test procedures,

test results for issue to the customer and A.E.C. to document and

prove acceptability.

01
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7. Analyze, interpret and make recommendations on contracts with vendors.

This includes attending contract negotiations meetings.

8. Supervise activities of Test Directors on shift in their direction

of construction personnel, customer personnel, vendor representatives

to prepare for, conduct and accept power plant systems and/or

components. Resolve significant problems delayiug test program,

control costs, identify contractual conflicts or change, take action

on all the above.

9. Direct personnel in completing test program expeditiously and safely

while maintaining a goud working relationship with and between

construction bargaining unit crafts and customer personnel.

10. Basic duties involve supervision of the initial light-off of equipment,

correction of deficiences, detailed operational testing, correcting

deficiencies, integration of tested system/component into plant

operation, documenting test results, concurrent training of customer

personnel and acceptability of systems and plant by customer.

Problems solving in this accomplishment include review of design

and engineering, supervising field correction of deficiencies and

rzrommending corrections to technical group3 that solve problems

in line with schedules and without major modificaitons. Vendor

field service personnel must be used in the field, work under our

direction, correct problems to customer satisfaction within vendor

contracts and warranties and on schedule. Test personnel under

Asst. Mgrs. direction must be given liberty to satisfy test objectives

using union personnel, customer personnel, technical engineering and

design personnel, avoiding conflicts between groups, maintaining

schedules, while supervision is imposed indirectly through Asst. Mgrs.

instructions and policies. The length and extent of training balanced
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against schedules must be determined and agreement reached with the custcmer.

Finally, the degree of documentatiun, meeting of operational objectives,

deficiency corrections implemented to the satisfacrion of the customer.

11. Decision Making

A. Make Final Decision

1. Determine adequacy of test procedures. Sufficient detail

must exist to protect personnel and equipment. If tests

are too involved, then a larger staff is required to write

and conduct the tests requiring an increased budget.

2. Determine need for outside assistance from technical &

vendor groups.

3. Commitments to management and the customer with regard to

test schedules must be made

4. Determine need for temporary piping, wiring, power supplies,

tank trucks, barges, chemicals, steam, water. Direct

installation of temporary facilities to meet schedules.

B. Review with Supervisor

1. Determine staffing and types of personnel to support activity.

2. Contribute to overall testing schedule.

3. Recommend merit increases and overtime needs.

4. Establish commitments for other groups in support of test

program and justify action to be taken by supervisor.

5. Recommend operations policies, administrative policies

for ap-provai.

6. DetermLue necessity of higher management attention in

resolution of his operational activities.
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Position Requirements:

1. Education - College (B.S. degree)

2. Specialized or technical knowledge and skills

Must have previous experience in operation, testing & maintenance

of nuclear power plants. Must have completed formal technical

traininr & qualification in nuclear plant operation.

3. Types of work experience. MIinimum number of ye rs for each

Plant Operation - Startup & Testing - 3 - 5 years.

Previous Supervisory Experience - 2 - 4 years.

Design or Project Fng. experience is preferrable but not mandatory.
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Personnel Resume (Chart I "Al")

Education

High School Graduate

B.S. Marine Steam and Electrical Engineering

California Maritime Academy, Vallejo, California - 1950

Experience

1950 - 1953 -

1953 - 1955 -

1955 - 1956 -

'956 - 1957 -

Standard Oil Co. of California, Marine Dept.

Third Assistant shipboard engineer in charge

of engine room watch.

U.S. Navy, Lieutenant Jr. Grade. Engineering

Officer and/or Repair Officer on Landing Craft

repair ship. Responsible for 30 enlisted men

in engineering dept. operation and administration.

As Repair Officer responsible for 40 enlisted

men in the mechanical repair dept. which provided

repair and maintenance service to other ships.

Standard Oil Co. of California, Marine Dept.

Second assistant licensed engineer in charge of

engine room watch.

Westinghouse Elect. Corp. - Bettis Atomic Power

Laboratory, Operation and Test Engineer.

Qualified as Engineering Officer of the Watch

(chief operator) prototype nuclear submarine

installation. Responsible to plant operation

crew supervisor for safe and efficient use of

prototype plant during testing, training and

maintenance perio '.
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1957 - 1959 - Westingh.ouse Elect. Corp. - Bettis Atomic Power

Laboratory. Senior Operations and Test Engineer.

During this period, was assigned as Engineering

Officer of the Watch, previously described and

part of original group responsible to compete

and write power plant manual for operation,

maintenance and training of S1W prototype n'l .ear

plant.

1959 - 1960 -Westinghouse Elect. Corp. - Bettis Atomic Lcwer

Laboratory. Staff Assistant to the Manager of

operations of S1W prototype nuclear plant. Non-

supervisory position -.esponsible to carry out

policy changes and over-see training and qualif-

ication of naval officers and enlisted personnel

on SlW prototype nuclear plant. Administered

final oral board qualificaiton examination to

engineering of the watch trainees, both naval and

civilian.

1960 - 1963 -Westinghouse Elect. Corp. - Bettis Atomic Power

Laboratory Plant Operations Crew Supervisor (POCS)

Responsible while on shift for the safety and

operation of the SlW prototype nuclear plant,

during training, testing, shutdown, depletion,

refueling and maintenance periods. Direct

supervision of thirty to fifty Naval and civilian

personnel - indirect supervision of on-shift

support personnel consisting of chemistry,

industrial hygiene and craftsmen - recommend

supervisory trainees for final written and oral

board qualification examination.
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1963 - 1969 - Westinghouse Elect. Corp. - Bettis Atomic Power

Laboratory Supervisor, Shift Operations, Expanded

core Facility. Responsible for two engineers,

twenty-five examniation technicians and nine

support craftsmen conducting the examination of

advance irradiated nuclear fuels and materials

from prototype and test reactors, examination

and preparation for disposal of spent fuel from

all naval reactors, training and testing of

personnel in nuclear fuel handling, radiation

protection practices and quality control.

1969 - present - Westchester Engineering and Design Co.

Assistant Manager for Operations.

Westinghouse Elect. Corp. Nuclear Energy

S)stem - Turnkey Projects - Assistant Manager

for Operations.

Responsible for seven startup engineers, in

writing, issuing test procedures for conducting

of flushing, hydro, per-operational and

acceptance tests of nuclear steam supply systems-

ensuring the above ar-. conducted in a safe and

expeditious manner.

I

0
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Position Title: Assistant Manager for Operations - non-NSSS (Chart I "A2")

Primary Function:

Manage portions of the operational activities which aLe required to bring

a new nuclear power plant to a licensible and acceptable operating condition.

Duties and Responsibilities:

1. Plan and schedule work load; assign work; recommcnd budgets, control

expenditures, select and train subordinates, review performance of

subordinates, recommend wage or salary adjustments, report results

and unusual situations to immedinte ;upervisors.

2. Plan the activities of operations section with regard to test

procedure writing, review and issue, conduct of testing, manpower

assignments, overtime compensation, control dates for start and

completion of all above to properly carry out startup and acceptance

of nuclear power plant.

3. Coordinate construction activities through establishing test starting

dates and ensuring construction completion dates will support test

and acceptance program.

4. Direct activities of construction personnel (fcremen and craftsmen)

during initial testing.

5. Determine engineering requirements as to system and equipment control

parameters and report inadequacies of design.

6. Supervise preparation of operational information, test procedures,

test results for insue to the customer and A.E.C. to document and

prove acceptability.
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7. Analyze, interpret and make recommendations on contracts with vendors.

This includes attending contract negotiations meetings.

8. Supervise activities of Test Directors on shift in their direction

of construction personnel, customer personnel, vendor representatives

to prepare for, conduct and accept power plant systems and/or

components. Resolve significant problems delaying test program,

control costs, identify contractual conflicts or change. take

action on all the above.

9. Direct personnel in completing test program expenditiously and

safely while maintaining a good working relationship with and

between construction bargaining unit crafts and customer personnel.

1G. Basic duties involve supervision .' the initial light-off equipmenL,

correction of deficiences, detailed operational testing, correcting

deficiencies, integrating of tested system/component into plant

operation, documenting test results, concurrent training of customer

personnel and acceptability of systems and plant by customer.

Problems solving in this accomplishment include review of design

and engineering, supervising field correc.ion of deficiencies and

recommending corrections to technical groups that solve problems

in line with schedules and without major modifications. Vendor

field service personnel must be used in the field, work under

our direction, correct problems to customer satisfaction within

vendor contracts and warranties and on schedule. Test personnel

under Asst. Mgrs. direction must be given liberty to satisfy test

objectives using union personnel, customer personnel, technical

engineering and design personnel, avoiding conflicts between groups,

maintaining schedules, while supervision is imposed indirectly

through Asst. Mgrs. instructions and policies. The length and extent

of training balanced against schedules must be determined and agceement

reached with the customer. Finally, the degree of documentation,

meeting of operational objectives, deficiency corrections

implemented Lo the satisfaction of the customer.
13.4()-18Su ~lemen: .3Q 3.42)-184/58



11. Decision Making

A. Make Final Decision

1. Determine adequacy of test procedures. Sufficient detail must

exist to protect personnel and equipment. If tests are too

involved, then a larger staff is requirad to write and conduct

the tests requiring an increased budget.

2. Determine need for outside assistance frem technical and vendor

groups.

3. Commitnents to management and the customer with regard to test

schedules must be made.

4. Determine need for temporary piping, wiring, power supplies,

tank trucks, barges, chemicals, steam, water. DirecL installation

of temporary facilities to meet schedules.

B. Review with Supervisor

1. Determine staffing and types of personnel to 3upport act.vity.

A. Contribute to overall testing schedu;le.

3. Recommend merit increases and overtime needs.

4. Establish commitments for other grojps tn support of test program

and Justify action to be taken by supervisor.

5. Recommend operations policies, adminicstvative policies for

approval.

6. Determine necessity of higher management attention in resolution

of his operational activities.
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Position Requirements: 68
1. Education - College (B.S. degree)

2. Specialized or technical knowledge and skills

Must have previous experienca in operation, testing and maintenance

nuclear power plants. Must have completed formal technical training

.d qualification in nuclear plant operation.

3. Types of work expdrience. Minimum number of years for each

Plant Operation - Startup and Testing - 3-5 years.

Previous Supervisory Experience - 2-4 years.

Design or Project Eng. experience Is preferable but not mandatory.

0

0
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Personnel Resume (Chart I "A2")

Education:

Hligh School Graduate

B.S. in Administrative Engineering, University of Denver, 1950

Experience:

1944 - 1946 - U. S. Nzvy, Phillipine Islands, Electricians Mate.

1946 - 1950 -

1950 - 1951 -

U.iiversity of Denver, Colorado.

B.S. in Adminintrative Engineering with a major in Chemical

Engineering.

Globe Chemical Company, Denver, Colorado

This company manufactured bleach and other household chemicals.

I did chemical and analysis work and developed a napthalene

purific.-tion proctess.

1951 - 1952 - 11. S. Air Force, Wiesbaden, Germany. Special Detail.

1952 - 1956 - Army Chemical Corps (Civil Service), Rocky Mt.

Arsenal, Denver, Colorad,.

a. Shift Supervisor 1.5 years

This was supervisory position under the Shift Superintendent.

. plant manufactured nerve gas. Consequently, there

"ýYe extreme safety hazards due to the highly toxic raw

m• ... :ials and final product. In addition, there were

many technical problems, since the process was new and

the product had never been manufactured in the United

States. There were thirty operators plus twenty craft-

type employees per :rew.

0
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1956 - 1968 -

b. Foreman 1 year

I had a crew of six operators who worked with me to

!ecp the various processing steps operating.

c. Panel Board Operator I year

I held this position during init4al plaat operations.

Many process condition changes were at the disc-etion

of the Panel Board Operator.

Chief Operator Trainee 0.75 year - Westinghouse Elect. Corp.

Chief Operator (sla, h Officer) 0.5 :-ear

The chl, -erator on each shift is in i~cdiate c-idtrol of

the reactur plant operation. .II operating orders emanate

fro= him. He must have a sound knowledge of the plant

principles of operations, a4 yoI: as an intimate kn%.wledge
of the cechanical, electrical and Ir&tru=entation syste.s

and co=ponents co=prlsing the reactor plant.

Staff Assistant to the .anager of Operations I year

This vas non-supe-visory position which cnco=passed activities

duch an writirW- the operating procedures required as a result

of plant modifications, inoperative equipment and policy

changes. One particularly ir.teresting activity was beind the

cognizant operations engineer on the first decenta--ination

of a Naval Reactor Plant. Three months after the decision to

decontaminate was =ade, the test procedure and engineering

changes wer. completed.

Plant Operations Crew Supervisor (POCS) 3 years

,s a POCS, I was responsible whilv cn shift, for the safety

and operation of the plant. As th6 .enior POCS on e-y shift
at the Naval Reactor Facility, all inzer-plant (three plants)

problems occurring after regular hours were -y responsibilict.

Specific duties included direct cupervision of thirty to fifty

Naval and civilian personnel, a. well as indirece supervision

of approximately twenty craftsmen, industrial hygiene, security

and other auxiliary service personnl.
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Training Supe'visor 1 year

One of the functions of the SIJ plant is to train V..val

Officers and Enlisted .1n to fill bilets in the ,uclear

Sub2r/le Fleet. As training supervisor I vas responsible

for the fornulation of a training guide that dellneated the

theoretical and pr.tical knowledge required for -qualifications

as a rantch officer (Chief Operator) and for enlisted men's

in-rme qUallfication. While in this capacity, I certified

th. qualification of all t-Alitary and civillan trainees. In

addition. the instructors w-ere trained t.nder a progran originated

by =.ý,elf. There were tienry-sevcn enlisted instructors, a

training officer and three civilians to carry out the responsi-

bilities of the training section.

Supervisor cf M•.echanical EnSineering 1.6 years

Supervised eleven engineerz in the acv plishment of the plant

c• ineering, associated with the -aintenance, testing, reactor

refueling and modificatiomms required to operate the SIR plant.

In addition. I was custodian of all source and special =aterials

for the plant, as %e1l as being responsible for the nuclear

safety of w3ter pit and fuel storage areas. Various laboratory

co=ittees to u.'ich I belinged 6wre: Fluid Syste=s, Control, Rod

YXechanLs=s, Suggestion and Incident R.evL-W. Ca•unicatio- with

the custccer (Naval Feactors) was acco-plished verba1Uy and

through the su---ittal o. technical proposals, procedures and

letters.

The technical scope of the vnre the section acccoplished, ranged

fra= designing a oortable boring machirt for =odifying the

reactor vessel, to desiEuating torque values for operating

valves, fron the design of a syste= to decontaniuate the plant,

to modifying the building stea= heating sys-en to prevent beater

freezing and fro= writing a r.AuelinK procedure to vrlting a

simple drain and flush procedtare.
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.asti1gnwouse Test Representative 1.7 years

BettiLs Atoeic Poier Laboratory Fuel development tests at the

Eulineering Test Reactor and the Materials Testing Aeactor.

As a test representative, I was responsible for issuing loop

operating Instructions to the reactor operator, the PhiLlips

Petroletu Co=pany. During loop start-up, operations, and

shutdown, I monitored and evaluated the data obtained. Upon

caNpletion :,I a reactor cycle, the specimens were re=aved

tested and a.ea!ured in accordance with cy instructions.

Test Car and Test Pad Engineer 2.0 years

Westinghouse Astronuclear Laboratory at the Nevada Test Site.

For the '.A.X-A-6 .Nerva Test cy position was that of Test Car

Engineer and Test Pad Engineer. As such, it was :- responsi-

bility to ensure that drawings and parts w-re correct in order

to &zse=bne the test article. As in most field endeavors, cany

field clhangeu, .subtittutton3 =d design. modifications urere

required. In addition, all asse--ly procedure and systems

functional test procedures were written .nder =y cognizance.

I

Feb. '65 - Oct. '69 - iermeral Electrie - Nv-lear Energy Division

Project Engineer 1.7 y.ars

Project Engineer on the tuo Quad-Citces and the two

Dresden turnkey reactor plants. The mechanical portions

oa these plants =y respor.sibility. The discharge of

t.ese respon3ibilitics entails establishing specifications

and giving c ._,necring direction to the Site personnel

and the Architccr Engineer. Ctnt-ocr and Vendor com-

munications also censtitute part of the work load; these

interchang,x concern different or=_!e r'..-ted to

inst ruentation, electrical system, chemistry, operations,

healri physics and licensing.
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Position Title: Refueling Manager (Chart I "*A3" )

PrinSly F~mction:

Direct preparations for and conduct of core loading for Indian Point Units

'o. 2 and 3.

Duties and Responsibilities:

1. Plan and schedule work load; assign work; recoa-end

expenditures, select and train subordinates, review

subordinates, caco=-end wage or salary adjustments,

and unaual situations to i diate supervisors.

2. Deternine scope of core lobding task

a. Plan and schedule entire task to meet critical

by overall schedule.

budgets, control

performance of

report results

date established

b. Review all evaluations coordinate procure=ent of all handling

cquipmenc, special and consu-.ble niterials.

c. Direct the writing and review of all procedures for core loading,

including approval by Con Edison

d. Supervise the training of refueling personnel via lectures,

study prograns and use of tools, cranes, etc.

C. Coordinate the effcrts of WEDCO refueling personnel, craftsmen

and Con Edison personnel in conduct of core loading.

f. Determine the need for technical assistance to support the

progran, •Atain their services and supervisa correction of problems.
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aS. Maintain a daily log of preparatory and actual core loading ac-

tivities, write a final report inclAding lessons learned for the

benefit of other core loading programs.

h. Keep Manager of Operations informed of progress, identify critical

needs, make reco~endations to safely and satisfactorily complete

core loading on ti=.

3. Maintain liason with other facilities •arrying out core loading activities;

review their progress, lessons learned. Ravise Indian Point Units No.

2 and 3 programs as required.

4. Problem Solving

a. Overcoie proble=s in refueling schedule cr those created by plant

schedulcs that delay co-pletion.

b. Prevent delays in receipt o. handling equipment or materials from

affecting schedule by expediting, field codificatioas, alterniate

materials.

6

c. Revise procedures as

maintain progress.

d. Resolve conflicts in

supervision.

required by above problems or any others to

craft jurisdiction ,r identif7 to crafts

C. Provide coordination of WTEDCO with Con Edison activities in

=eeting schedules.

E
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5. Decision Mraking

A. Make Final Decision

1. Determine scope and schedule based L0pon detailed knowledge of

evolutions and equipment, canpover, skills of personnel, amount

of required training.

2. Determine number and type of procedures required, detall of writing,

safety and safeguards requirements, time required to write, review

and approve.

3. Determine best solution for required changes, i.e. field modification,

return to vendor, subcontract.

B. Review with Superior

1. Determine critical nature of problem, effect on schedule, financial

loss, custo--er response.

Posirlon Requirements:

1. Education - College (B.S. degree)

2. Specialized or technical knowledge and skills

Mechanical design, tool design, fuel design, core design. Knowledge

of craftsmen skills in rigging.

3. Types of work experience. Minimum number of years for each

5 years experience in refueling preparations and conduct including

1-2 years in actual supervision of all refueling activities.
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Personnel Resumes (Chart I "AT')

1
Education:

High School Graduate

B.S. Mech. Eng. - Indiana Institute of Technology - 1958.

Completed Nuclear Power Station Training P;ogram at Shippingport Atomic

Power Station.

E:perience:

1958 - 1969 Duquesne Light Co. - Shippingport Atomic Power StaLion.

9/58 - 1/59 Test Engineer - Responsible for writing, review, conduct and

final test evaluation of both primary and secondary systems

assigned.

2159 - 6/59 Co=pleted Nuclear Power Training Program.

7/59 - 5/60

6/60 -12160

1/61 -10/61

11/61 -9/62

10/62 -1/63

Assigned as quality control inspectir for first refueling

evolution.

Assigne; to Refueling Group with responsibility for writing

&nd cevirwing refueling procedure for second refueling.

Served as Materials Supervisor with responsLblity for identifying

and procuring consumable and special materials, tools, spares

to support second refueling evolution.

Served as maintenance Foreman. Responsible for supervising

performance of welders, machinist and turbine rcpaircan for

plant maintenance.

Assigned as Shift Fore'-.,. rcporting to Shift Supervisor In

charge of refu&eling activities on shift for third refueling.

Prtw•-•d to 'Chit 3upervisor lut-Lng this period. A
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2/63 - 5/63 Returned to Maintenance Foreman responsibilities as stated

above.

6/63 - 2/64 Promoted to .echanical Maintenance Engineer with responsibility

to establish and issue preventive maintenance program for

power plants.

3/64 - 5/65 Served as Technical Supervisor during this period of core change.

Responsible for writing, review and issue of refueling and

core loading procedures and revision of procedures controlling

these evolutions. Concurrent with this effort, had responsi-

bility for major turbine overhaul and writing of overhaul report.

5/65 -10/65 Returned to Mechanical Maintenance Engineer responsibilities

as stated above.

10/65-11/65 Assigned zs Canal Operations Supervisor with responsbility for

all activities in canal during conirol rod modifications and

partial refueling.

12/65-10/69 Promoted to Station Maintenance Supervisor with complete

responsibility for the proper maintenance of all machinery and

equipment, buildings and grounds associated with the Shippingport

Atomic Power Statio,. These duties Include that of Refueling

Supervisor, fuliilled during the most recent Shippingport

refueling, who has total responsibility for planning, preparation

and execution of all refueling activities.

10/69-present WEDCO Operations - Assigned as Refueling Mgr. with responsibility

for technical direction of core loading preparations, training

and conduct. This effort is carried out in conjunction with

Con Edison and Westinghiouse Technical Support.
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Position Title: Lead Start Up Engineer (Chart I "Al.l")

Primary Function:

Provide technical expertise and experience to a group of engineers writing

and conducting the tests required to provide a licensible plant.

Duties and Responsibilities:

1. Helps establish methods and means of accomplishing test objective.

2. Establish and updat-s the test logic required to issue PERT charts,

Test schedules and running status.

3. Contacts and interfaces with vendors, architech - engineers, and

Wes tinghoua e.

4. Works with tho Construction Group to ensure systems are ready for

testing. Also that needed repairs or modifications, resulting

from tests, are made.

5. Pri-jide interface with the customer - in rendering technical assistance

during the conduct of tests by customer operating personnel.

6. Responsible for detailed review of procedures to ensure personnel

safety and equipment safety in the writing and carrying out of tests.

Position Requirements

4

1. Education - College degree, preferably in mechanical area or electrical

engineering. Alternate to degree shall be high school graduate with

formal Nuclear Operator training including operator qualification and

license.

4
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2. E.perience - Mini experience shall include five years in nuclear

plant testing, operations, training, construction or direct support

of these activities with some of this tize preferably in a supervisory

capacity.

0
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e'snrnel Resume (Chart I "A1.1")

Education:

High School Graduate

B.S. Marine Steam and Electrical Engineering

California Maritime Academy, Vallejo, California - 1950

Experience:

1950 - 1953 -

1953 - 1955 -

1955 - 1956 -

1956 - 1957 -

1957 - 1959 -

Standard Oil Co. of California, Marine Dept. Third

Assistant shipboard engineer in charge of engine room watch.

U.S. Navy, Lieutenant Jr. Grade. Engineering Officer and/or

Repair Officer on Landing Craft repair ship. Responsible

for 30 enlisted men in engineering dept. operation and

administration. As Repair Officer resp.-=.5ible for 40 enlisted

men in the mechanical repair dept. which provided repair and

zaincenance service to other ships.

Standard Ol Co. of California, Marine Dept. Second assistar-t

licensed engineer in charge of engine room watch.

Westinghouse Elect. Corp. - Bettis Atomic Power Labor&tory,

Operation and Test Engineer. Qualified as Engineering Officer

of the Watch (chief operator) prototype nuctear submarine

installation. Responsible to plant operation crew supervisor

for safe and efficient use of prototype plant during testing,

training and maintenance periods.

Westinghouse Elect. Corp. - Bettis Atomic Power Laboratory.

Senior Operations and Test Engineer.

During tVfs period, was assigned as Engineering Officer of the

Watch, p, 'iously described and part of original group responsible

for complete and write power plant manual for operation, main-

tenance and training of S1W prototype nuclear plant.

4

4
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0 1959 - 1960 -

1960 - 1963 -

Westinghouse Elect. Corp. - Bettis Atomic Power Labo-ratory.

Staff Assistant to the Man.ager of operations of SiW prototype

nuclear plant. Non-supervisory position responsible to carry

out policy changes and over-see training and qualification

of naval officers and enlisted personnel on SIW prototype

nuclear plant. Administered final oral board qualification

examination to engineering of the watch trainees, both naval

and civilian.

Westinghouse Elect. Corp. - Bettis Atomic Power Laboratory

Plant Operations Crew Supervisor (POCS)

Responsible while on shift for the safety and operation of

the SiW prototype nuclear plant, dur'.ng training, testing,

shutdown, depletion, refueling and maintenance periods. Direct

supervision of thirty to fifty Naval and --_ivilian personnel -

indirect supervision of on-shitft support personnel consisting

of chemistry, industrial hygiene and craftsmen - recommend

supervisory trainees for final written and oral board

qualification examination.

Westinghouse Elect. Corp. - Bettis Atomic Power Laboratory

Supervisor, Shift Operations, Expanded core Facility.

Responsible for two engineers, twenty-five examination

technicians and nine support craftsmen conducting the ex-

amination of advance irradiated nuclear fuels and materials

from prototype and test reactors, examination and preparation

for disposal of spent fuel from all naval reactors, training

and testing of personnel in nuclear fuel handling, radiation

protection practices and quality control.

1963 - 1969 -
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1969 - present - Westchester Engineering and Design Co. E
Assistant MLn-wger for Operations.

Westinghocap Elect. Corp. Nuclear Energy System -

Turnkey Projects - Assistant Manager for Operations.

Responsible for seven startup engineers, in writing,

issuing test procedures for conducting of flushing, hydro,

pre-operational and acceptance tests of nuclear steam

supply systems ensuring the above are conducted in a safe

and expeditious manner.

4
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Position Title: Startup Enginee

Primary Function:

Act as cognizant engineer for as

Responsibilities include test pr

co=ncnts, final issue and test c

r (Chart I "Al.1.l")

signed systems in startup of IPP/I'IT.

ocedure research, writing, resolution of

onduct.

Duties and Responsibilities:

1. Follow system through construction phase, report on status and remain

familiar with field changes or other problems affecting testing.

2. Conduct research into design objectives, system parameters in

sufficient detail to write test procedures.

3. Write test procedures.

4. Assist management in obtaining Con Edison approval of procedures.

S. Resolve co~ents and issue final approved test procedures.

6. Conduct system tests in accordance with approved procedures.

7. Resolve testing problems, coordinate activities of test personnel,

identify significaut problems of delay, inability to meet test

objectives, personnel or plant safety to supervision.

Position Requirements:

Education and Experience Requirements - College Degree in Engineering, Physics

or other Science. Alternate to degree shall be high school graduate with

mini== of two years experience in nuclear plant testing, operations, training,

construction or direct support of these nuclear &xtivities.
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Peronunel Resume (Chart I "AI1.V'1) a
Education:

Uligh School Graduate

B.S. Mechanical Eng. (Nuclear Option) - University of Wyoming - 1968.

ExEeriene:

1968 - present - Westinghousc Elect. Corp. - Nuclear Energy System -

Turnkey Projects - Startup Engineer assigned to Indian

Point Projects. Responsible for writing and Issue of

flushing and hydrostatic test procedures for N.S.S.

Systema, Supervise field personnel during initial flushing

and hydrostatic testing of N.S.S. Systems.

L_

I
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Position Title: Lead Start Up Engineer (Chart I "A2.1")

Primary Function:

Provide technical expertise and experience to a group of engineers writing

and conducting the tests require~d to provide a licensible plant.

Duties and Responsibilities:

1. Helps establish methods and mean* of accomplishing test objective.

2. Esteablish and update the test logic required to issue PERT charts,

Test schedules and running status.

3. Contacts and interfaces with vendors, architect - engineers, and

Westinghouse.

4. Works with the Construction Group to ensure systems are ready for

testing. Also that needed repairs or modifications, resulting

from tests, are made.

5. Provide interface with the customer in tendering technical assistance

during the conduct of tescs by customer operating personnel.

6. Responsible for detailed review of procedures to ensure personn~el

safety and equipment safety in the writing and carrying out of tests.

Position Requirements:

1. Education - College Degree, preferably in mechanical area or electrical

engineering. Alternate to degree shall be high school graduate with

formal Nuclear Operator training including operator qualification and

license.
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2. Experience - Minimum experience shall include five yeara in nuclear

plant testing, operations, training, construction or dinmct support

of theae actitivities vith some of this timze preferably in a supervisory

capacity.

a

6
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Personnel Resume (Chart I "A2.1")

Education:

High School Graduate

Maryville College, Maryille, Tenn. - 1942

Aviation Cadet Training Program, which included 6 m~nths college training

at Lafayette College, Easton, Pa. - 1943

University of Chattanooga, Chattanooga, Tenn. - 14 i8

Tennessee Valley Authority Steam Plant Trair~ng. This program consisted of

the following: safe operation and maintenance of power house auxiliary

equipment, gas, air, water and coal handling systems; boiler construction,

boiler operation, safety interlocks; first aid, fire fighting and automatic

fire fighting systems; electrical distribution, relaying and relay protection;

generators, exciters, motors, 250 V DC battery and charger systems; turbine

construction and operation, maintenance and governing systems. - 1953

Experimental Gas Cooled Reactor, Oak Ridge, Tenn. Basic Nuclear Technology,

which consisted of math, slide rule, basic nuclear physics, nuclear power

engineering and health physics. Classroom work was conducted on reactor

control, instrumentation, reactor operation, power supply, main coolant systems

and reactor support systems. - 1966

Military - Army Air Force - Aviation Cadet Corps - Pilot

Experience:

May 51 - Aug. -68 - Tennessee Valley Authority. Responsible for safe and

effecient operation of high pressure, high temperature

pulverized fuel and gas fired boilers and turbogenerators,

emergency power diesel generators, large treated water

4plants and large demineralizer plants.

Responsible for operator training for the above.
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My work with T.V.A. in nuclear plants, includes six

months operational training on the General Llectric

Test Reactors, Vallecitos Atomic Laboratory, Pleasanton,

California. This work covered complete reactor operation;

startups, shutdowns, new fuel loading, experiemental loop

installation and operation; radiation monitoring isotope

preparations and shipment, spent fuel shipment, preparation

and storing of hot and warm radio-active waste. Classroom

work was conducted at this reactor. At the end of the

six months training, I successfully completed the examination

for creditation for reactor operator.

Prepared and conducted lectures and classroom work on

reactor systems for operations section at hxperimental

Gas Cooled Reactor. Prepared and conducted exami.ation

on reactor systems for operations section. These

examinations were written, oral and "walk-through".

Participated in reactor component shop tests at manu-

facturers plants.

Prepared operating procedures. Prepared and submitted

design changes on reactor support systems. Revised

prints to show "as built" revisions. Performed arceptance

tests on reactor systems.

I am certified as reactor operator with Tennessee Valley

Authority.

1967 - Prepared and presented six week lecture series on Basic

Nuclear Engineering at Allen Steam Plant, Memphis, Tenn.

1968 - Startup Engineer - United Engineers and Constructors,

Indian Point Generating Station. Responsible for
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coordinating craft supervisors to bring systems to

completion, the check out of the systems and their

components, the pre-operational flushing and testing,

the correct operation and ":-unning-in" of each piece

of equipment.

My work, also, includes the writing of system descriptions,

Operating procedures, periodic test anod test procedures.

Westinghouse Elect. Corp. - Nuclear Energy System

Turnkey Projects - Lead Startup Engineer, assigned

to Indian Point Projects. Responsible for five startup

engineers. Supervise engineers in writing and issue

A. test procedures for nuclear plant secondary systems,

conduct of initial flushing and hydro of secondary systems,

pre-operational and acceptance testing.

1969 - present -
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Position Title: Startup Engineer (Chart I "A2.1.1")

Primary Function:

Act as cognizant engineer for assigned systems in startup of Indian Point

Units No. 2 and 3. Respoosibilities include test procedure research, writing,

resolution of comments, final issue and test conduct.

Duties and Responsibilities:

1. Follow syster through construction phase, report on status and

remain fam2.liar with field changes or other problems affecting testing.

2. Conduct research into design objectives, system parameters in sufficient

detail to write test procedures.

3. Write test procedures.

4. Assist management in obtaining Con Edison approval of procedures.

5. Resolve comments and issue final approved test procedures.

6. Conduct system tests in accordance with approved procedures.

7. Resolve testing problems, coordinate activities of test personnel,

identify signtficant problems of delay, i ability to meet test

objectives, personnel or plant safety to supervision.

Position Requirements:

Education and Experience Requirements - College Degree in Engineering,

Physics or other Science. Alternate to degree shall be high school graduate

with minimum of two years experience in nuclear plant testing, operations,

training, construction or direct support of these nuclear activities.

0
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0 Personnel Resume (Chart I "A2.1.1")

Education:

"itgh School Graduate - Stavanger, Norway

Apprenticeship in Mech. Eng. in ship yard - 4 years

Stavanger Engineer School, Stavanger Norway

Marine Engineer - Chief-lst-2nd classes - Steam and Diesel

Bergen Institute of Engineering - Bergen, Norway
(Similar to Stevens Institute of Technology)

Graduate Mechanical Engineer - 1947.

Experience:

Twenty Years' experience as mechanical engineer in supervisory capacity in

the Marine Industry, Power Plants, and other industrial situations.

Marine Engineer with various shipping companies in Norway and U.S.A. for

a period of eight years.
0

1949 - 1952 -

1953 - 1968 -

Bethlehem Steel Ore Navigation Corp. Sparrows Point, Md. -

Chief Engineer of Ore Carriers, in charge of the Engine

Dept. and responsible for the supervisor of 20 employees.

Skinner Engine Co. Erie, Pa.

Manufacturers of Unaf low steam engines, turbines, centrifugal

and reciprocating pumps, etc. for thr Harine Industry, Poiwer

Plants, and various other indun,.--les.

As Field Supervisor for a period of 15 years, I was prLmarily

responsible for the installation of new machinery, startup

and trails, training of operators, as well as maintenance and

repairs of old machinery.
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Activities have involved:

SernIces at numerous ship yards in the U.S.A., Canada and

the Caribbean Islands for the purpose of supervising in the

installation of ships' main propulsion machinery,, thrust

bearings, generators, pumps, selfunloading conveyor machinery,

etc. as well as converison and repair work of Merchant Marine -

and U.S. Navy vessels.

Travelling throughout various parts of the U.S.A. for the

purpose. of supervising in the installation of new generators

at industrial power plants, as well as trouble-shooting.

Acting as consultant to customers in the solvLnW, of various

problems concerning our products. Recommend solutions to

same problems. Break-in new crew on new machinery.

1968 - present - Westinghouse Elect. Corp. - NES - Turnkey Ptojects.

Assigned to IPP as Secondary Senior Startup Engineer.

Responsible for iastallation and aligning of Secondary

components and systems.

Prepare test procedures for initial flushing, hydrostatic

test, pre-operational and acceptance testing of Secondary

Systems.

Review test procedures, and conduct testing of same

systems. Responsible for operations and turnover of

Secondary components and systems.
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Position Title: Lead Start Up Engineer (Chart I "A2.2")

0 Primary Function:

Provide technical expertise and experience to a group of engineers writing

and conducting the terts required to provide a licensible plant.

Duties and Responsibilities:

1. Helps establish methods and means of accomplishing test objective.

2. Establish and update the test logic required to issue PERT charts,

Test schedules and running status.

3. Contacts and interfaces with vendors, architech - engineers, and

Westinghouse.

4. Works with k .o-ustruction Group to ensure systems are ready for

testing. Also )'at needed repairs or modifications, resulting

from tests, a.u .-ave.

5. Provide interface with the customer in rendering technical assistance

during the conduzt of tests by customer operating personnel.

6. R,_ponsible for detailed review of procedures to ensure personnel

safety and equipment safety in the writ.ng and carrying out of tests.

Posit' n Requirements:

1. Edu-ation - College Degree, preferably in mechanical area or

electrical engineering. Alternate to degree shall be high school

gradtiate with formal Nuclear Operator training including operator

qualification and license.

0
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2. Experience - Minimum experience shall include five years in nuclear

plant ivsting, operations, training, construction or direct support

of thes6 activities with some of this time preferably in a supervisory

capacity.

S

6
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Personnel Resume (Chart I "A2.2")

Education:

High School Graduate

U.S. Air Force Electronics and Radar Maintenance School

B.S.E.E. - Kansas State University

Western Elect. Co. - Digital and Gen. Purpose Computer School - 3 months
Westinghouse ElecL. Corp. - Nuclear Power School - 6 months

Nuclear Plant Operator Training - 5 months

Experience:

1953 - 1957 - S/Sgt. USAF Radar Technician

1957 - 1960 - Student

1961 - 1962 -

1962 - 1964 -

1964 - 1965 -

We~tern Elect. Co. - R & D Engineer anti -missile project -

responsible for installation, testing, design improvements

and operational procedures for I.F. receiver of precision

target tracking radar.

Mrrtin Marietta Corp. - Maintainability engineer - responsible

for evaluation design specs., fabrication processes, prototype

models, test and operating procedures for electronic aerospace

ground and support equipment of the Titan Missile Systems to

ieduce maintenance actions and costs on final design equipment.

Vestinghouse Elect. Corp. - Bettis Atomic Power Div. - Associate

design engineer. Responsible for upgrading radioactive waste

disposal power and control system, assisted in updating and

testing primary plant control system during refueling modification.
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1965 - 1968 - Westinghouse Electric Corp. - Bettis Atomic Power Div. Design

Engineer - Responsible for plant instrumentation and control

Systems, normal and emergency power systems and neutron

detector test facility, supervised installation, checkout,

modifications and plant testing, prepared test and operating

procedures, reviewed design and safety analysis studies on above

systems.

1968 - 1969 - Westinghouse Elect. Corp. - Bettis Atomic Power Div. -

Senior Engineer - sponsible for maintenance and component

testing of dual reactor plant. Co-responsible for six aenior

naval maintenance personnel. Reviewed and approved modifications,

component maintenance and testing and evaluated system

performance.

1969 - Present - Westinghouse Elect. Corp. - WEDCO Corp. - Lead Elect. Startup

Engineer - Responsible for development and performance of

all aspects of electrical Startup testing, including test

identification, test sequencing, procedure writing tesr

performance, system performance and data evaluation ad

data submitted to the customer.

4)
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Position Title: StarLup Engineer (Chart I "A.2.2.1")

Prind_ Function:

Act as cognizant engineer for assigned systems in startup of It.dian Point

Units No. 2 and 3. Responsibilities include test procedure research,

writing, .esolution of co=-ents, final issui and test conduct.

DuLies and Responsiblities:

1. Follow system through construction phase, report en status and remain

familiar with field changes or oth:er problems affecting testing.

2. Conduct research into design obJectives, system parameters in sufficient

detail to write test procedures.

3. Write test proce.Jures.

4. Assist management in obtaining Con Edison approval of procedures.

5. Rcsolve co=ents and issue final approved test procedures.

6. Conduct system tests in accordance with approved procedures.

7. Resolve testing problems, coordinate activities of test personnel,

identify significant problems of delay, inability to meet test

oijectives, personnel or plant safety to supervision.

Position Requirements:

Education and Experience Requirements - College Degree in Engineertng, Physics

or otber Science. Alternate to degree shall be high school graduate with

minimum of two years experience in nuclear plant testing, operations, training,

construction or direct support of these nuclear activities.
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Education:

Migh School Craduate

Pra-enZineering, lovling Green S6ati tLivcrsitY

Nuclear PNwor Training LM,

Electrician School, tVSH

Magnlotic Azpllfier and Sound Vibration 5chocl, USIM

Experiece:c

1953 - 1958 - XcLIllean Feed MillU Plant operator. Operated chcnIcal

extraction equipment In major soybean oil ptocessing plant.

1958 - 1964 - V.S. Navy. Enlisted in U.S. Navy and completed nectrtcinan'N

School and RAaic Submarine School.

Qu-ilifted in Subc.arina aboard the mS Pickerel (SS524) 0
Duties included operation, r.aintenance and repair of -iectrical

equipment associated with conventional submari, DC systems.

Co=pleted Nuclear Powcr School at U.S. Naval Suboariae &me.

Continued Nuclear Power trarntag at S3G reactor plant of

West Hilton, N. Y., and qualified as Reactor operator, Electric

plant operator and Stean plant operator.

Ansigned tu "• Triton (SSN586). Qualified on Triton'%

twin pressurized uhter reactor plant. Duties included

operation, t.aintenance anG. repair of maiin, ,uxiliary and

iC electrical syst•=c.

Followed yard peraonnel during 18 mont• yard ovw rhaul period,

including ahop repair, re-installatLon and startup operations

of individual syste.m
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1964 - 1967 - Westinghouse Astronuclear Laboratory, Plw Brook Test Operations.

Senior Technician. Operated a waiter-cooled irradiataon sysren

as lead shift technician. Assisted in preparation of operating

procedures, perforted electrical hookups and checkout of

experi-r--ntal readout equiplmaent, operated equipment and perforned

data ac.:_L.Jitlon.

Assisted in construction, checkout and initial startup of a

cryogenic environmental irradiation systen instnua-ed at Plum

Brook, operated system lead shift technician and perforned

maintenance and repair of electrical and associated equip•pent.

1967 - 1969 - Westinghouse Atomic Power

Assisted with Initial pre

and systen startup oper

Travelled to various re

operations.

Dlvi sion - Test Engineer

e writing for initial equip=en:

'or various reactor projects.

.•ies to assist wiith startup

0 1969 - present - WErCO Corp. - Test Engineer.
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Nowition Title: Lead Start Up Engineer (Chart I "'A2.3")

Prizary %laction:

Provide technical expertise and experLence to a group of engineers vriting

and conductLng tht tests required to provide a licensible plant.

Duties and Responsibilities:

I. Helps establish ruethuds and means of accomplishing test objective.

2. Establish and update the tert logic required to i'sue PERT charts,

Test schedules and running status.

3. Contacts and interfaces with vendors, archttech - engineers, and

W•s t inghouse.

4. Works with the Construction Group to ensure systems axe ready fur

testing. Also that needed repairs or codifications, resulting from

tests, are made.
4

:. Provide interface with the customer in rendering technical assistance

during the conduct of te-ts Ly customer operating personnel.

b. Responsible for detailed review of procedures to ensuce personnel

safety and equipment safety in the writing and carrying out of tests.

Poit ion Requirements:

Education - College Degree, pruferablv in mechanical area or electrical

engine•ring. Alternate to degree shaUl be high school graduate with formal

Nuclear Operator training Including operator qualification and license.

4
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0 Experience - Minim, experience shall include five years in nv-lear plant

testin3, operations, training, construction or direct support of these

activities with sone of this time preferably in a supervisory car-acity.
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education:

High School Graduate - 1948

USH Radar School, Boston, Mass. - 1949

USN Sutaarine School, Vow London, Conn. - 1952

Armd ivrces College Level General Education Daveiopment Examination - 1957

USN %uclear Power School, Now London, Conn. - 1959

SlW Prototype Training. Idaho Falls, Idaho - 1960

S5W PresturLzed Water Reactor Training, Westinghouse Research Laboratories -

Bettle - 1962

E~xperience:,

1960 - 1962 - USS Patrick ifenry (SSBN599) Chief Petty officer in chnarge of

Reactor Cnntrols Division and Machinery Watch Supervisor through

construction, test program and two Fleet Ballistic Missile

Patrols.

Basic Functions: The Reactor Controls Division operates the

reactor and is responsible for the mointenance, Lost, and

repair of all reactor plant instrumentatLon including Steam

Generator Water Level Control and Rod Control equipment.

The Machinery Watch Supervisor in responsible for the ovetall

supervision of tihe propul-slon plant including Much operations

as paralleling electric generating equipvaent, chemical analyses

of prLery plant and steam generator water, radiological control,

and conducting testS on reactor control instrumentation.

A basic requirement for the Htachinery Watch Supervisor Is to

be qualifled on every watch station and pass a written and oral

exa•ination administered by the Engineer and Commanding Officer.

This is in add .ion to a Naval Reactors Safeguards Examination

-cior to initial criticality and periodically thereafter.
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1962 - 1964 - USS Lafayette (SSB%'616) Chief Petty Officer In charge of

Reactor Controli Division and Machinery Watch Supervisor

through construction, test program and two Fleet Ballistic

Missile Patrols.

1964 - 1967 - USS Benjamin Franklin (SSBI1640) Chief Petty Officer in charge

of Reactor Controls Division and Machinery Watch Supervisor

through construction, test program and three Fleet Ballistic

Missile Patrols. Collateral duty of Engineering Department

Training Co-ordinator.

1968 - present - a. First Assignment - Westinghouse Electric Corp. -

Nuclear Energy Systems - Senior Instrument..tion and

Controls Construction Engineer at Indian Point Projects.

Responsible for two I & C construction engineers.

Responsible for receipt inspection and testing of components,

installation of Primary Process I & C, Awiliary Process

I & C and Reactor Control and Protection System. Prepare

initial calibration procedures and data documentation forms

and conduct initial calibration on instrumentation systems.

b. Second Assignment - WEDCO Corp. - Senior Instrumentation

and Controls Startup Engineer. Responsible for three I & C

Startup Engineers. Review data obtained by construction

I & C engineers prior to Startup Acceptance of instrumentation

systems. Prepare test procedures for Uinal acceptance testing

under actual dynamic conditions. Review fluid systems

operational test procedures for adequate coverage of instru-

mentation checks. Conduct final acceptance testing and

prepare documentation on Reactor Control, Protection and

Safeguards Systems instrumentation.

Q 13.4(2)-55 Supplement 8

4/70



Position Titim: Startup Engineer (Chart I "A2,3.1") I
Primary rbnction:

Act as cognizant engineer for assigned systems in startup of Indian Point

Units 2 and 3. Responsiblities include test procedure research, writing,

resolucion of coecnts, final issue and test conduct.

Duties and Responoibilities:

1. Follow system through construction phase, report on status and

remin familiar with field changes or other problems affecting testing.

2. Conduct research into design objectives, system parameters in

sufficient detail to write test procedures.

3. Write test procedures.

4. Assist management in obtaining Con Edison approval of procedures.

S. Resolve cowments and issue final approved test procedures.

6. Conduct system tests in accordance with approved procedures.

7. Resolve testing problem.s, coordinate activities of test personnel,

identify significant problem* of delay, i-ability to meet test

objectives, personnel or plant safety to supervision.

Posion Requirements:

Education - College rLgree in Engineering, 'hysics or other Science.

Alternate to degree shall be high school graduate with minimum of two years

experience in nuclear plant testing, operations, training, construction

or direct support of these nuclear activities.

4
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S Personnel Resume (Chart I "A2.3.1")

Education:

High School Graduate

B.S. Chemical EnginearLnR - Polytechnic Institute of Blrooklyn - 1949

Kxnprtonce:

1949 - 1950

1950

0
1951

1951 - 1954

1954 - 1964

- HADIGAN-HYLAND, Long Island City, New York

Concrete batch plant operator on construction of Brooklyn

Expressway.

- B1RINKERiHOFF, HALL, MAC DONALD ET AL, Mt. Holly, N. J.

lember of surveying crew - Rodman and Chainman on construction

of New Jersey Turnpike.

- AK.WICAN ALKYD INDUSTRIES, Rutherford, New Jersey

Quality Control Chemist in Alkyd Resitt Plant.

- BLAW INOX CO.TANY, Pittsburgh, Pennsylvania

Junior Process Engineer in Chemical Plants Division.

Duties: Writing proposals, writing and checking equipment

speciftcations, layout of process flow diagrams, writing

operating instructions and startup of chetical plants.

- DE LAVAL SEPARATOR COHPANY, Poughkeepsie, New York

Field, Research and Process Engineer. Responsible for

the design, installation and operation of Do Laval Processing
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Plants for the chemical process industries; e.&., vegetable

oil, animal fat, tall oil and soap. Dtities included pre-

paration of process flow diagrams, writing of equip~ent

specifications, ordering material, and supervision of on-site

equipment installation, then plant startup to c:ccplete

customer satisfaction.

1965 - 1969 - STAONARD BMNfS INCORPORATED, Peekskill, New York

Process development and desibn engineer with supervisory

capacity for pilot scale industrial waste treatment plants

as well as research and analytical laboratory facilities.

Dutiis included design and selection of equipuent. super-

vision of operation and maintenance of pilot plant and

laboratory, data evaluation, scale-up design, cost estimation,

and finally, process selection. Physical, chemical and biological

treatment studies covered unit processes and operations such

as filtration, reverse osmosis, centrifugatian. mixing fluid

flow and heat and mass transfer.

a

6

1969 - Present - WEDCO, Operations - Scartvip Engineer - Assigned to Instrument

and Control Group with responsiblity for review c' proper

process instru~ntation checkout and testimS ewring

inst~llation and testing. Trouble shoot process Instru-

mentation, problems, make design and engineering modification

reco•mendations and follow problem corrections.

4
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0
Position Title: Manager, WEDCO Operations (Chart IT "B")

Job description and resume are the same as Chart I, Position "A"t.

Positlo- Title: Test Progran Manager (Chart II "Bi")

Job deacription and resume are the same as Chart

Position Title: Startup Manager (Chart II "B2")

Job description and resume are the same as Chart

Position Title: Refueling IManager (Chart II "BYV)

Job description and resume are the same as Chart

I, Position "Al".

1, Position "A2".

I, Position "A3".

0

. A
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Position Title: Lead Engineer - NSSS (Chart II "Bl.1")

PrIsEry Function:

Provide technical expertise and experie.IL. ;a group of engineers writing

and conducting the tests required to provide a licensible plant.

Duties and Responsibilities:

I. Hel-s establish methods and means of accomplishing test objective.

2. Establish and update the test logic required to issue PERT charts,

Test schedules and running status.

3. Contacts and interfaces with vendors, architech - engineers, and

Westinghouse.

4 Works with the Const ruction Group to ensure systems are ready for

testing. Also that needed repairs or modifications, resulting

from tests, are made.

5. Provide interface with the customer in rendering technical assistance

during the conduct of teats by customer operating personnel.

6. Responsible for detailed review of pocedures to ensure personnel

safety and equipment safety in the writing and carrying out of tests.

Position Requirements:

I. Education - Co1)aeS Degree, preferably in mechanical area or electrical

engineering. Alternate to degree shall be high school graduate vith

formal Nuclear Operator training including operator qualification and

license.
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2. Experience - Hininum experience shall include five years in nuclear

plant testing, operations, training, construction or direct support

of these activities with some of this time preferably in a supervisory

capacity.

0
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Personnel Resume (Chart II "Ni1)")

Resume same as Chart I, Position "A1.1.1".1

0

0
Supplement 14
8/70
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Position Title: Startup Engineer (Chart II "BI.l.l")

Primary Function:

Act as cugnizant engineer for asbigned systems in startup of Indian Point

Units No. 2 and 3. Responsibilities include test procedure research, writing,

resolution of comments, final issue and test conduct.

Duties & Responsibilities:

1. Follow system through construction phase, report on status and

remain familiar with field changes or other problems affecting

testing.

2. Conduct research into design objectives, system parameters in

sufficient detail to write test procedures.

3. Write test procedures.

4. Assist management in obtaining Con Edison approval of procedures.

5. Resolve comments and issue final approved test procedures.

6. Conduct sys :em tests in accordance with approved procedures.

7. Resolve testing problems, coordinate activities if test personnel,

identify significant problems of delay, inability to meet test objectives,

personnel or plant safety to supervision.

Position Requirements:

Education & Experience - College Degree in Engineering, Physics or other

Science. Altern.ate to degree shall be high school graduate with minimum of

two years experiance _'n nuclear plant testingr operations, training, construc-

tion or direct support of these nuclear activities.
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Personnel Resume (Chart II '5B1.1. 1") a
Education:

High School Graduate

Navy Electronics School - Fundamentals & Shipboard Electronics

Deforest - Radio & TV Electronics.

Westinghouse Reactor Operator Training program covering reactor physics,

reactor theory, reactor instrumentation and control, standard and emergency

procedures, and radi&-ion protection.

EAI - Analog Computer Operators Training.

Experience:

1957 - 1962

1962 - 1968

1968 -

- Westinghouse Testing Reactor - Reactor Tcchnician Maintained

WTR CritIcal Facility reactor instrumentation. Successfully

completed AEC examinations and received AEC Reactor Operator

License. Licensed to operate 3 critical facility reactors.

Responsible for setup, installation, irradiation, and removal

of experiments.

- Westinghouse Astronuclear Lab. - Test Engineer Assisted in

direction of EG6G technicians for maintenance and system

checkout at Test Cell A, NRDS. Was assistant program operator

during several NERVA runs. Responsible for maintenance and

checkout of all control valves at Test Cell C, NRDS.

- Westinghouse Atomic Poder Division, Nuclear Power Service

Startup Services - Operations Engineer.

AGisited in the chemical cleaning of the Main Steam Feed

piping at the Rochester Gas & Electric Nuclear Power Plant.

Worked with Mr. H. Kordesh of Bechtels startup organization.

4
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1969 - Supervisory Service Engineer Assigned to the Indian Point

Unit 2 startup activities and support groLp at Pittsburgh,

Pa. writing System Flushing and Hydro Procedures. Supplying

information when requested by site personnel.

1969 - Present - Westinghouse Nuclear Energy Systems, Construction and Services.

Supervisory Service Engineer.

Transferred to the Indian Point site to assist in carrying

out the flushing and hydrostatic testing. Involved in writing

startup procedures for various nuclear steam supply systems.

Assisting in all phases of construction checkout and turnover

to startup. Assisting in writing "Hot Functional" test series.
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4
Position Title: Lead Engineer - non NSSS (Chart 11 "Bl.2")

Job description and resume are the same as Chart I, position "A2.1".
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0 Position Title: Startup Engineer (Chart II "Bl.2.1")

Primary Function:

Act as cognizant engineer for assigned systems in startup of Indian Point Units

No. 2 and 3. Responsibilities include test procedure research, writing, re-

solution of comments, final issue and test conduct.

Duties & Responsibilities:

1. Follow system through construction phase, report on status and remain

familiar with field changes or other problems affecting testing.

2. Conduct research into design objectives, system parameters in sufficient

detail to write test procedures.

3. Write test procedures.

4. Assist management in obtaining Con Edison approval of procedures.

5. Resolve comments and issue final approved test procedures.

6. Conduct .. *cem tests in accordance with approved procedures.

7. Resolve testing problems, coordinate activities of test personnel,

identify significant problems of delay, inability to meet test objectives,

personnel or plant safety to supervision.

Position Requirements:

Education & Experience - College Degree in Engineering, Physics or other Science.

Alternate to degree shall be high school graduate with minimum of two years

experience in nuclear plant testing, operations, training, construction or

direct support of these nuclear activities.

Q 13.4(2)-67 Supplement 8
4/70



Personnel Resume (Chart II "Bl.2.1")

Education:

High School Graduate - 1947

Navy Education:

1. Class "C" Engine Man School Great Lake, Ill. 1951

2. Air Conditioning and Refrigeration School, Va. 1952

3. U.S. Navy Submarine School, New London, Conn. 1954

4. U.S. Navy Nuclear Power School, Idaho. 1960

5. U.S. Navy Nuclear Welding School, Idaho. 1961

6. Newport News Shipbuilding & Dry Dock Company Nuclear

Orientation School, Newport News, Va. 1967

Experiei..e:

I

1947 - 1967

1960 - 1967

- U.S. Navy - serving on various ships and shore stations as

an instructor and also maintaining diesel engines and

auxiliary equipment.

- U.S. Navy - Pre-commissioning crew on two Nuclear Powered

Submarines - one in Mare Island Navy Yard, California and

one at Newport News, Va. I was the Senior enlisted man

in charge of the mechanical equipment in the primary and

secondary systems, worked closely with shipyard personnel

on the installation, construction, flushing, hydrostatic

testing, initial operation of primary and secondary systems,

wrote operating instructions for many engine room components

and systems. Became experienced in quality control and general

construction procedures. I was qualified as a Machinery Watch

Supervisor, requiring the ability to stand all watches in the

plant. Retired from U.S. Navy in 1967 as a Chief Petty Officer.
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0 1967 - 1969 - Newport News Shipbuilding and Dry Dock Company - Mechanic

Test Engineer - Responsible for Testing Systems - Writing

Repair Procedures and Coordinating tests between the trades

and Navy personnel.

1969 - Present - WEDCO Corp. Operations Startup Engineer.

Responsible for wr.L-Uing of phase I and phase II test procedi

coordinating the safe startup and operation of components at

the operation of these components as an itegrated syatem.

0

0
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Position Title: Lead Engineer - Electrical (Chart II "Bl.3) 6
Job description and resume are the same as Chart I, position "A2.2".

Position Title: Startup Engineer (Chart II "B1.3.1*')

Job description and resume are the same as Chart I, position "A2.2.1").

Position Title: Lead Engineer - Instrumentation and Control (Chart II "B1.4")

Job description and resume are the same as Chart I, position "A2.3".

Position Title: Startup Engineer (Chart II "BI.4.1")

Job description and resume are the same as Chart I, position "A2.3.1".

E
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Position Title: Startup Director (Chart 11 "B2.1")

Primary Function:

Provide technical supervision of testing evolutions carried out on shift.

Duties & Responsibilities:

1. Ensure testing is carried out in accordance w'ith approved test

procedures.

2. Evaluate, approve, or obtain higher level approval, the necessary

revisions to test procedures.

3. Ensure systems/components are operated and maintained in accordance

with good engineering practices to ensure personnel safety.

4. Coordinate the efforts of various participating groups 'Operations,

0 Con Edison, construction crafts or foremen, vendors, Westinghouse NES

personnel etc.) o effectively and safely carry out assigned tests.

5. Maintain log of activities to ensure good communications between

personnel on crew and between shifts.

6. Notify cognizant authorities of problems: significant delays, personnel

or plant safety, satisfaction of test or design objectives, need for

assistance.

Position Requirements:

1. Education & Experience - College Degree in engineering or science field

or equivalent experience. Participate in IPP test procedures research,

writing, review and issue. Partlcipatte in IPP pre-operational flushing

and hydro test program as cognizant systems test engineer. Participate

in other operations, testing, startup programs such as those conducted at

other turnkey sites, shipyards, Naval Rcactor facilities, which involve

nuclear reactors and steam equipment.

Supplement 8
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Personnel Resume (Chart II "B2.1.")

Education:

High School Graduate

B.S. Marine Engineering - U.S. Merchant Marine Academy - 1963

H.S. Nuclear Engineering - University of Virginia - 1967

Experience:

8-63 - Third Asst. Engineer -MSTS Watch Engineer on turbo-electric

troop ship.

9-63 - 12-63 - Third Asst. Engineer - United Fruit Co. - Watch Engineer on

single and twin-screw refrigated ships.

1-64 - 8-65 - Nuclear Power Test Engineer - Mare Island Division, San

Francisco Bay Naval Shipyard; Vellejo, Calif. Fully qualified

as Shift Test Engineer of S5W plants. Developed procedures

and equipment to accomplish objectives of nuclear plant test

programs. Coordinated construction or repair work with test

program and plant requirements, with particular emphasis on

core protection and radiological safety. Experience with all

phase- of new construction and overhaul of nuclear plant (SSW)

including refueling and decontamination (hydrostatic tests,

initial core load and fill, initial criticality, steam tests,

power operations, decay heat removal, and plant conditions for

overhaul).

9-65 - 8-67 - University of Virginia - M.S.N.E. - Determined safety limits

of test reactors at the University and U.S. Army Watertown

Arsenal for use in application to AEC for increase in licensed

power level.
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0 9-67 - 12-67 -

1-68 - 10-69 -

Third Asst. Engineer - American Export - Isbrandtsen

Lines - Supervised engine room nn conventional and

semi-automated turbine driven 3hips.

Reactor Division - Oak Ridge National Laboratory - Research

Associate. Performed and analyzed experiments to determi.ae

the effect of hydrodynamic conditions on the performance of

cellulose acetate desalination membranes. Responsible for

ORNL contract covering municipal sewage treatment with

dynamic membranes. Designed stationary and mobile test

loops. Co-author of paper reporting experiments on the

application of woven hose to cross-flow filtration and

hyperfiltration with dynamic membranes.

10-69 - present-WEDCO Operations - Startup Engineer responsible for writing

of startup test procedures and conduct of assigned tests.

Responsible for full engineering of feedw-ater and steam

piping chemical cleaning.
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Position Title: Startup Engineer (Chart II 'B2.1.1") 0
Primary Function;

Act as cognizant engineer for assigned systems in startup of Indian Point

Units 2 dnd 3. Responsibilities include test procedure research, writing,

resolution of comments, final issue and test conduct.

Duties and Responsibilities:

1. Follow system through construction phase, report on status and

remain familiar with field changes or other problems af'ecting testing.

2. Conduct research into design objectives, system parameters in

sufficient detail to write test procedures.

3. Write test procedures.

4. Assist management in obtaining Con Edison approval of procedures.

5. Resolve ccments and issue final approved test procedures.

6. Conduct system tests in accordance with approved procedures.

7. Resolve testing problems, coordinate activities r.' test personnel,

identify significant problems of delay, inability to meet te.at objectives

personnel or plant safety to supervision.

Position Requirements:

1. Education & Experience - College Degree in Engineering, Physics or

other Science. Alternate to degree shall he high school graduate with

minimum of two years experience in nuclear plant testing, operations,

training, construction or direct support of these nuclear activities.

6
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Personnel Resume (Chart II "B2.1.1')

Education:

High School Graduate

Navy Education: I Machinist's Mate "A" School (3 months)

Basic Turbine Theory, Theo,.y of construction and operation

of turbines, pumps, lubricating oil purifiers, reduction

gears, governor systems, feed and condensate systems,

distilling plants, air conditioning systems, steam system

components and blueprints.

II Submarine School (2 months)

Theory of construction and operation of submarines and

submarine system including hydraulics, fluid systems,

electical systems and various other associated systems.

III "luclear Power School (6 months)

Academic instructions in the following subjects: Algebra,

trigonometry, calculus, physics, nuclear reactor principals,

nuclear reactor construction and design, metallurgy,

thermodynamics, fluid dynamics, radiological control, radio

chemistry and specialized mechanical training.

IV Operational Training at Combustion Engineering Reactor Site,

SIC prototype, Windsor Locks, Conn. (6 months)

Classroom study and operational training in the theory and

operation of pressurized water reactors, reactor primary

systems, steam generation and distribution systems; feed and

zondensate systems, and specialized training in reactor and

secondary systems. Upon successful completion of course and

qualifications in the SIC reactor plant, was deiignated 3355

Nuclear Power Plant Mechanical Plant Operator.
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Experience:

1964 - 1966

1966 - 1968

- U.S.S. John Adams SSBN 620 - qualified upper and lower

level engine room wetch. Responsible fo.: nperator, and

control of main prop.alsion and auxiliary systems.

- commissioning unit USS Greenling SSN 614 General

Lynamic Quincy ship yard worked closely with shipyard

personnel on the installation construction flushing

hydrostatic .enting initial operni< .- of Primary and

secondary sys ms. Wrote opt. . :: . AaLructions for

many engine room components aunu ayscems. Became experienced

In quality control and general construction procedures.

Qualified for the following watch stations in the nuclear

engineering plant:

Shutdown Electe.ical Operator. Responsible for the proper

operation of thl.i motor generators, distribution switchgear,

and associated electrical auxiliary equipment throughout

the Engineering Plant during shutdown conditions.

Auxiliary Electrician (Engineering). Responsible for the

proper operation and maintenance of all electrical auxiliary

eq.,jdpment within the engineering plant, Including the remote

reading %.-mperature and salinity indicating equipment motors,

motor contr.,Ilers and varljus other elect:ical equipment.

Steam "'.ant Control Pa.iel. Responsible for the operraion and

control of the ship's main propulsion turbines, and systems

associated with the main steam generating system.

Engineering Splice Supervisor. Responsible for the safety

and operation of the reactor, reactor primary systems, main

propulsion, and auxiliary systems of the entire engine ving

plant during reactor operation.

6
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1968 - 1969 - Honeywell Inc. Commet. tal Division - worked on installation

and operation of temperature control systems.

1M69 - Present - WEDOCO Corp. - Operations - Startup Engineer (Secondary

side) - responsible for writing of phase I and phase II

test procedures, coordinating the safe startup and operation

of secondary components and the operation of these components

as an integrated system.
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Position Title: Startup Director (Chart 11 "B2.2")

Prinnry Function:

Provide technical supervision of tenting evolutions carried out on shift.

Diuties & R.Paponsibilitier :

4. Enssure tenting is carried out in accordance with approved test

procedures.

.Fvaluat., approve, or obtai.o h4 gher level apprnval, the necesary

revisions to text proi.ad0Irs.

3. Ensure w- t onents are operated and naintained in acCoru.mn.

I !,. practices ro ensure personnel 5an,"y.

4. "ird.-at the efforts *-f various participating groups (Operations,

Con Edison, construction crafta nr foretwn, vendors. KES personnel I
etc.) to effectively and safety carry out assigned tests.

5. H41italn Ilng of aitivitiet to ensure good co-u;.1catI'ma between

pernwnnel on crew and between shifts,

h. Nofity cognizant authorities of problems: significant delays, peruttanel

or plant safety, *ntisfactilon of test or deniSn objectives, need tur

&isairtance.

r'ositi-, Rnuire...ntsa:

rducation 6 Lxpvrience - College Degree in engineering or science field *,r

equivalent experience. Participate in Indian Point Vnit No. 2 t-st proredtirv

reascrch, writing. review and Is-,io. Participate in Indian Point Unit No. 2

pre-operatihmal flushing and Ihdro tent program as cognizant svstetwi test

englt•-re. Participate In -othcr operations, testing, startup program suchs

as th%'sc, konduLtCd at Othtr turnkey sites, shipyards, .aval R'artor facilitle4.

which lnv&)lvo n.clear reactors and atea- equipment.

Q 134()-15 upplvnt P
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I.

Pexrsoee1 Reahe (Chart 11 "B2.2"")

Res-.e iuacm as Chart 1, positioG "'A1.1.1".

0
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?osition Title: Startup Engineer (Chart 11 '82.2.1#)

PrIrary runction:

Act as cognizant engineer for assigned syste.s in startup -f Indian Point

Unit No. 2 and 3. Responsibilities include test procedure research, urriting,

resolution of comments, final issue and test conduct.

Duties. & Re-sponsbilities:

1. Follow system through consrtjction phase, report on status and rez!in

familiar with field changes or other problems affecting testing.

2. CoOduCL research into ,e-sign objectives, systen parameters in sufficient

detail to write test procedures.

3. tirite test procedures.

4. AsIsat managemnt in obtaining Con Edison approval of procedures.

5. Resolve coments and issue final approved test proceciures.

6. Conduct system tests in accordance with approved procedures.

7. Resolve testing problems, coordinate activities of test personnel,

id'ntify significant problems of delay, inability to meet test objectives,

personnel or plant safety to supervision.

Position Requirements:

Education & Experience - College Degree in Engineexung, Physics or other

Science. Alternate to degree shall be high school graduate with minimum of

two years experience In nuclear plant testing, operations, training, con-

structiov or direct support of these nuclear activities.

1
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Personnel Resume (Chart II "B2.2.1")

Education:

High School Graduate - 1946

2 yrs. Civil Enginepring - Catholic University of America - 1948

B.S. MarLno Engineering - U.S. Naval Academy - 1952

,Nuclear Orientation course - Ncuport News Shipbuilding & Dry Dock Co. 1967.

Experience:

1952 - 1956- United States Nay

1956 - 1963 - Assistant Cashier Delawaro Trust Co.

1963 - 1965 - Deta Processing Sales - IBM

1965 - 1967 - Assistant Vice President - The Bank of Virginia.

x967 - 1969 - Newport News Shipbuilding & Dry Dock Co. - Machanical test

enginear.

Performed technical review of reactor plant coaponent

technical vanuals.

Prepared and performed technical review of instructions

for installation and repair of reactor plant components

& procedures for systen installation.

Directed testing of SSW plant from initial flushing

through power range testing.

Directed repairs & re-testing of S5W plant during post

shakedown availability.
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Position Title: Stortup Director (Chart II "B2.3")

Prinary Function: Provide technical supervision of testing evolutions

carried out on shift.

Duties & Responsibilities:

1, Ensure testing is carried out in accordance with approved test

procedures.

2. Evaluate, approve, or obtain higher loeel approval, the necessary

revisions to test procedures.

3. Ensure systems/components are operated and maintained in accordance

with good engineering p-'actices to ensure personnel safety.

4. Coordinate the efforts of various participating groups (Operations,

Con Edison, construction crafts or foremen, vendors, Westinghouse NES

personnel etc.) to effecti-;ely and safely carry out assig;ned tests. I
5. Maintain log of activities to ensure good communications between

personnel on crew and between :hifts.

6. Notify cognizant authorities of problems: significant delays, personnel

or plant safety, satisfaction of test or design objectives, need for

a%•s• -tance.

Po.ition Requirerents:

Education & Experience - College Degree in engineering or science field or

equivaltant experience. Participate in Indian Point Unit N4o. 2 test procedure

research, writing, review and issue. Participate ir: Indian Point Unit No. 2

pre-operati-nal flushing and hydro test program as :ognizant systems test

engineer. Participate &n other operations, testing, startip program.s such

as those conducted at other turnkey sites, shipyards, Naval Reactor facilities,

a.- ch involve nuclear reactors and steam equipment.
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Personnel Resume* (Chart II "B2.3")

Edu ca tion:

High School Graduate

Pre-engineering - Wharr.on County Junior College, Texas. - 2 years.

Naval Nuclear Power School - Bainbridge, Md. 1964

Naval Prototype Trainicn Center, Windsor Locks, Coum. - 1965

Management Principles ior engineers, University of Wisconsin - 1969

Experience:

1965 - 1968

0

- United States Nuvy, Nuclear Submarine Service, Advanced

to rate E-5, qualified as engineering space supervisor,

U.S.S. Greenling, SSN614. Ke=ber of pre-co issioning

crew, aboard Greenling during entire construction stage,

and supervised in naval capacity, the entire startup of

the engineering systems. Responsible for safe and efficient

operation of ail nuclear systems. Assisted in training

programs.

- Westinghouse Electric Corp. - Nuclear Energy Systems

Turnkey Projects - supervisory service engineer, mechanical

components engineer. Responsiblc for installation of major

nuclear steam supply components and auxiliary pumps and

equipment. Responsible for installation and evaluation of

assigned equipment. Assisted systems engineers in nuclear

piping systems evaluation.

1968 - Pr-sent

*Position assignment is tentative.
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Positico Title: Startup Engineer (Chart 11 "B2.3.1") I
Primary Fmuction:

Act as cogni:ant engineer for assigned systems in startup of Indian Point

Units No. 2 and 3. Responsibilities include test procedure research, writing,

resolution of coeents, final issue and test conduct.

Duties & Responsibilities:

1. Follow system through coostruction phase, report on status and remain

familiar with field changes or other problems affecting testing.

2. Conduct research into design objectives, system parameters in su.iclent

detail to write test procedures.

3. Write test procedures.

A. Assist management in obtaining Con Edison approval of procedutes.

5. Resolve comments and Issuie final approved test procedures.

6. Conduct system tests in accordance with approved procedures.

7. Resolve testing probleems, coordinate activities of test personnel,

identify signitt~ant problems of delay, inability to meet test objectives,

personnel or plant safety to supervision.

Position Reguirements4:

Education

Science.

two years

struction

6 Experience - College Degree in Engineering, Physics or other

Alternate to degree shall be high school graduate with minim of

experience in nuclear plant testing, operations, training, con-

or direct support of these nuclear activities.

4
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0 Personnel Resume (Chart II "B2.3.1")

Education:

High School Graduate

R.S. in Hatheatics - Elizabeth City State University - 1966.

Completed Newport News Shipbuilding and Dry Dock Co. Nuclear Orient..-tion

Course.

Exnerience:

1966 - Present - Mechanical Test Engineer.

Technical Review of Reactor Plant Installation procedures.

Prepared technical instruction for service and repair of

reactor plant conponents.

Technical review of rezctor plant construction drawings.

Review of vendor technical manuals.

Technical. review of reactor plant test procedures.

Conduct reacto'c plant systems tests.

Perforu deslpn calculatimns aud analysis of test data.

Coordinate test program with cognizant trades

Supplennt 8
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Position Title: Startup Director (Chart 1i "B2.4")

Pr!imry Fuctiot.

Provide technical supervision of testing evolutians carried out on shift.

_Duties & Responsibiliities:

1. Ensure tenting is carried out in accordance vwth approved test

procedures.

2. Lvaluate, approve, or obtain higher level approval, the necessary

revisions to test procedures.

3. Ensure systems/copuonents are operate*d and malntained in accordance

icth good engintering prart ick- to ensure personnel safety.

4. Coordinate the efforts of varlou_ participating groups (Operation:n,

Con Edison, construction crafts or torenen, vendors, Westinghouse NES

personnel etc.) to effectively and safely carry out assigned tests.

5. ¶.intain log of activities to cniure go_! cc~unlcations between

pers&Lnncl on crew and between shifts.

6. Notify :t, gniant authnritle of prothlems: significant d.lays, personnel

or plant safety. satsLaGttlon cit trst or design objectives, need for

ansintance.

Position Requiremenc:

Education & ExperienL- - tColleg Dvegr,-e in engineering or Ncience field or

equivalent experience. Participate in Indian Point Uniti so. 2 and 3 teoit

procedure research, writing, revi•u and issue. Participate in Indian Point

Units No. 2 and I pre-operationzal flushing andl hydro test progra, an

cognizant systems test engineer. Participate in other operations, teating,

stactup progra= such as those conducted at other turnkey sites, shipyards,

Naval Reactor facilities, which involve nuclear reactor, and stean equipment.
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Personnel Resume (Chart 1 "B2.4"')*

Education:

fith School Graduate

_xperience:

1959 - 1961 - Westinghouse Testing Reactor Technician

I'perated and maintained szean plant and reactor auxiliary

syste"m consisting of reactor primary cooling system, secondary

cooling system, denineralizars and wa.vr softeners, ch*aical

treetment of boiler and secondary water, reactor and plant

ventilation systems and high and low pressure steam system.

Promoted to Reactor Teobniclnn and entered operator training

program.

1961 - 1962 Westinghouse Testing Rvactor: Reactor Technician

Participated in adi extensive reacto-r operator training program

covering reactor physics, reactor theory, reactor irmtrumenta-

tion and control, standard and emergenry operations and radi-

ation protection.

Successfully completed AEC examinations and received AEC

Reantor Operator License OP-1044. Operated and maintained the

reactor on a rotating shift basia, manipulated C.ntrola during

startup. steady-atote and shutdown operations. Responsible

for the proper execution of reactor core changes and Installa-

tion ol customer experwents, Assisted It rwiving and

changing reactor and process system operating procedurea.

hPoattion assignment is tvntitive

Supplerwnt 8
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1962 - 1963 - tinghouse Astronuclear Laboratory, Technician I

Reviewed and revised operating procedures for Teat Cell As

NlDS. These procedures included all support systems for

L the NERVA reactor tests. Reviewed conceptual design of the

cryogenic lie gas cooled system proposed for PBRF.

Assisted in the design of the w4ter cooled irradiation

syste" for PURF.

L Assisted with the first Test Fixture design to be used for

1963 - 1967 - Westinghouse Aatronuclear Laboratory. Plum Brook Test

Operations, Senior Technician.

Transferred to PBRF for the installation and operation of a

water cooled inpile irradiation system consisting of an inpile

water cooled capsule and easociated process piping to supply

primary, purge and emergency cooling water. Assisted in the

checkout and testing of the system and assisted in preparing

the Operations Manual for the system. Qualified as a system

operator by NASA and WANL.

Assisted in the specification and design of a Charging Machine

to be used with the water cooled irradiation system for

automatic capsule Insert.ion and withdrawal from the reactor.

The machine and associated components operated under 25 feet

of water.

Assiasted in the assembly and checleout of the Charging Machine

prior to shipment to PBRF for installation.

Supplement 8
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Assisted in the design and specification review oj a

cryogenic inpile test system. Monitored fabrication and

erection of the system during construction phase. Assisted

in all phases of initial plant pre-startup and startup. This

included instrument checkout, hydrostatic testing, 700 hp He

Compressor breakin and 16kw Expansion Engine breakin.

Assisted in the codifications and redesign of a new insertion

machine to make it compatable with the cryogenic system and

improve its reliability. Acted as Lead Hechanical Techniclan

during the Installztion and testing of the rew machine and as

Lead Meenanical Technician for the post-testing disassembly

and reasst-mbly of the machine in the reactor area. Assisted

in the final perforcance testing of the machine prior to NASA

acceptance.

Assisted in the preparation of the Operations Manual for the

cryogenic system and insertion machine. Operated on a rotating

shift basis on both water cooled and cryogenic systems as Lead

Technician.

1967 - 1969 - Westinghouse Atomic Power Division, Nuclear Power Service

Startup Services. Oporatio.s Engineer.

Transferred to Nuclear Power Service from Westinghouse Astco-

nuclear Laboratory, Plum Brook Reactor Facility, I waa assigned

as assistant Resident Engineer in the De-Fueling Operation of

the French & Belglum "Centrale Nuclealre Des Ardennes" (S.E.H.A.)

Pressurized Water Reactor. Set up a completely remote under-

water inspection program 2f all reactor vessel internal parts

and fuel assemblies.

Closely followed the disassembly, insepectior. aind reassembly

of the main reactor coolant pumps.

Supplement 8
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I spent 6 weeks at the "Central. ElectronucleAire E. Forui"

in Trino, Italy assisting with 7emote Iuspectica of reactor

internal parts and rc-design of remote handling Vools.

Completed my overseas ass.gnment in July, 1968 and vws then

reassigned to assist in the chemical cleaning of the ma&,n

Ste-am Feed Piping at the Rochaster Gas & Electric Wuclear

Power Plant. Worked with Hr. H. Kordesh of Bechtels startup

organlzation. Completed this assignment in Dectub- 1968.

- Supervisory Service Engineer. Assigned to che Indiai, Point

Unit No. 2 startup activitios and support group at Pittsburgh,

Pa. vritinX System Flushing and Hydro Procedures. Supplying

deeign information when raquceted by site paarsoenl.

1969

L969 - Present - Westinghouse Nucvar Energy Systama, Construction and Services.

Supervisory Service Engineer.

Transferred to the Indian P*Lnt site to assist in earrying out

the system Flush & Hydrostatic testing. Involvec in writing

startup procedrues for vair 4 .ua nuclear steam supply dyste"a.

Ausisting in all phases of ccnatructirn checkout and turnover

to startup. Assisting in writing "°Hot Functional" tot saries.

4
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Position Title: Startup Engineer (Chart II 'B2.4.1")

Primary Function:

Act as cognizant engineer for assigned systems in startup of Indian Point

Units No. 2 and 3. Responsibilities include test procedure research, writing,

resolution of coments, final issue anid test conduct.

Duties & Responsibilit•-cs

1. Follow system through coastruction phase, report on status and remain

famillar uith field changes or oth.er problems affecting testing.

2. Conduct research into deeign ob.Jectives, system parameters in sufficient

detail to write test procedures.

3. Write test procedures.

4. Aesist management in obtaining Con Edison approval cf procedures.

5. Resoive comments Pd issue final approved test procedures.

as'. Conduct system tests In accer "ance with appeoved procedures.

7. Resolve testvig problems, ccordinate activLties of tesz personnel,

identify significant problQes of delay, inability to meet test objectives,

personnel or plant safety to supervision.

Position Requirements:

Education & Experien-..e :ollege Degroe lit Engineering, Phys-Ics or other Science.

.4lternate tQ degree shall be high sc-hool graduate with mini=uI of two years

experience In nuclear plant testing, opezatious, training, construction or

direct support of these nuclear activities.

Supplement 8
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Persomal Razusa (Chart II 113 2.4. 1")

Education:

B.S. in Electrical Engineering from Columbia University - 2/28/62.

2 years Law School at the University of Virginia

I year Post-graduate study in Political Science at Columbia

ELcperience:

4-67 - 3-68 Senior Startup Engineer for Bechtel Corporation in

San Francisco. Completed assignments at Great Canadian

0i1 Sands Project, Peach Bottom Nuclear Power Plant,

and Tarapur Atomic Power Project (India).

Job Description

1. Preparation of test procedures.

2. Scheduling construction and testing.

3. Supervision of troubleshooting and repairs.

4. Responsibility for preparation and presentitton

of system modifications to the customer for approval.

5. ResponsibLIlty for presenting and selling completed

systems to customer.

6. Liaison with customer and vendor personnel.

7. Training customer's operations and usintenance

personnel.

8. Responsibility for plant safety and pt'oper :ocehnical

execution of tests.

0
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Position Title: Lead Refueling Engineer (Chart II "B3.1")

Primary Function:

Ensure fuel is handled properly in accordance with approved procedures.

Responsible for correct operatior, positioning and monitoring of the in-

core loading instrumentation. Concur in the insertion of each fuel assembly

into the reactor.

Duties & Responsibilities:

1. Coordinate the efforts of WEDCO refueling personn-1, craftsmen and

Con Edison personnel In conduct of core luading.

1. Determine the need for technical assistance to support the program

and assist in supervising correction of problems.

3. Assist in maintaining a daily log of actual core loading activities.

4. Observe and insure the proper operation of the fuel handling equipment

sequencing, inspections and orientation of fuel assemblies from storage tC

installation of fuel into the reactor vessel.

5. Responsible for supervision and coordination of all fuel handling

operations, necessary data acquisition and analysis relating to reactivit)

control.

6. Authorize the movement of each fuel assembly.

7. Observe and insure the proper seque.acing of fuel handling and final

material inspection of fuel assemblies prior to installation.

8. Designates the location and position of all fuel assemblies in the core.

9. Keep Manager of Refueling informed of progress, identify critical needs,

make recommendations to safely and satisfaLtorily complete core loading

on time.

Supplement 8
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Position Requirements:
6

Education & Experience - College Degree in Engineering, Physics or other

science or equivalent exrerienca. Participation in previoun preparation and

conduct of core loading.

4Q 13.4(2)-94 Supplement 14
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Personnel Resume (Chart II "B3.1")

Education:

1953 B. A. Chemistry - rexas Technological College

1960 M.S. Physics - San Diego State College

Experience:

1958 - 1960

1960 - 1967

0

- General Atomic Division, General Dynamics Research

assistant and licensed reactor operator conducting

critical experiments at the Triga Reactor Facility.

- Westinghouse Reactor Evaluation Center. Senior

Scientist and Senior Reactor Operator directing

critical experiments related to PWR design and

operations. Also directed and conducted training

classes for Senior Reactor Operators.

- Westinghouse Nuclear Energy Systems. Nuclear plant

startup physicist and Plant Operations Specilist

participating in plant startup and core loading at

Saxton, San Onofre, Zorita, SENA, Indian Point Unit 1

and RGE. Also participated in the SENA and Selni

restart programs.

1967 - Present
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I,

Position Title: Lead Refueling Engineer (Chart II "B3.2")

Primary Function:

Ensure fuel is handled properly in accordance with approved procedures.

Responsible for correct operation, positioning and monitoring of the in-core

loading instrumentation. Concur in the insertion of each fuel assembly into

the reactor.

DAties 6 Responsibilities:

1. Coordinate the efforts of WEDCO refueling personnel, craftsmen and

Con Edison personnel in conduct of core loading.

2. Determine the need for technical assistance to suppor. the program

and assist in supervising correction of problems.

3. Assist in maintaining a daily log of actual core loading activities.

4. Observe and insure the proper opcration of the fuel handling equipment

sequencing, inspections and orientation of fuel assemblies from storage

to installation of fuel into the reactor vessel.

5. Responsible for supervision and coordinatln of all fuel handling

operations, neLessary data acquisition and analysis relating to

reactivity control.

6. Authorize the movement of each fuel assembly.

7. Observe and insure the proper sequencing of fuel handling and final

material inspection of fuel assemblies prior to installation.

8. Designates the location and position of all fuel assemblies In the

core.

9. Keep Manager of Refucling informed of progress, identify critical

needs, make recommendations to safely and .atisfactorily complete core

loading on time.
Supplement 14
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6

Position Requirements:

Education & Experience - College Degree in Engineering, Physics or other

Science or equivalent experience. Participate in previous preparation

and conduct of core loading.

Q 13.4(2)-97 Supplement 14
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6

S
Personnel ResLde (Chart II "B3.2")

Education:

High School Graduate

I year U.S. Navy Electronics School

Graduate 1968 Capitol Radio Engineering Institute

Experience:

2 years Union Switch and Signal -

Electronics Technician, Flight Simulators

10 years Westinghouse Reactor Evaluation Center -

Test Engineer, Critical Experiments

Senior Reactur Operator

2 years Westinghouse Astronuclear -

Test Engineer, Controls Group

9 months Westinghouse Startup -

Specialist, physcs measurements, all aspects of I&C computers.

Participated in programs at Connecticut Yankee, San Onofre, and

Indian Point. Primary experience is with reactor operations at

power. Participated in core loading at Rochester Gas & Electric

and Carolina Power & Light.

11-63 -

4-67 Employed by General Dynamics/Electric Boat Division in Groton,

Connecticut. Spent 22 months as an Electrical Design Engineer

at the Groton shipyard, followed by 20 months as a Nuclear Test

Engineer at the National Reactor Testing Station in Idaho Falls,

Idaho.
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1
A

Job Description:

1. Design of submarine communications and weapons systems.

2. Resolution of construction and design deficiencies.

3. Responsibilities as a Nuclear Test Engineer were cssentially

the same as those of the Startup position described above.

4. Completed In-Plant Training Programs on the S5W and S5G

Naval Nuclear Power Plants.

Q 13.4(2)-99 Supplement 14
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QUESTION 13.4

With regard to the startup Organization:

3. Submit personnel resumes for Con Edison personnel participating in
the initial tests and operation of the facility such as Shift Super-
visors and Assistant to the General Superintendent.

ANSWER

Con Edison site personnel participating in the initial tests and operation

of the facility are as indicated on Figure 1 of the response to Question

12.1 in Supplement No. 2. Resumes of four members of Technical Services

Bureau, who will actively participate in initial testing and operation of

the facility, are attached.

0
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Richard J. Bozek - General Supervising L~glneer (Health Physicist)

Mducatilon:

Evnnder Childs H.S., Nkw York City, 19o2 to l19, Graduate

The Cooper Union. New York City, 1952 to 1c62 BSEE Iogree.

EDperience :

ijq6 to lcio8 - Willipm J Hirten Co., New York City, Stokmann

April l108 to date - Consolidated Fdinon Co of New YorR. nhc

April lC108 to December 1Q51 - Mechanic - Substation

Mnintenance Department - Maintenance of electrical

equipment in A.C. and D.C. substations.

December 1951 to June 1060 - Technician - Technic al Servicen

Bureau - Testing and maintenance of recording, controlling

end protective equipment in conventional generating stations.

June 1060 to July 1962 - Technician at Indian Point Unit

No I involved in pre-operational testing of plant

JTuly 1Q62 - Promoted to Assistant EngInsser in Technic"l

Services Bureau -

August 1Q62 to rune 1066 - Westchester Operstions of Technical

Services Bureau - Control and protective equipment on transmission

and distribution systems

February 163 - Promoted to supervisor In Technical Services

Buresu.

June 1966 - Assigned to Indian Point

April 1Q67 - Promoted to Supervising Engineer - (Heolth Physicist)

October IQ67 - Completed course in 'Baric Radiological Health"

given by Department of Health, Education and Welfare

December 196c) - Promoted to General SupervivIng Engineer. 4
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frying M. King - Assietsnt Supervising Engineer

Mucet 4 ,I

rnual Training H.S. Brooklyn, N.Y. - Graduated 1926

Pratt Institute, Brooklyn, N.Y.I.E.E. 1937

Experience

July 6, 1926 to date - Consolidated Mison Co. of N.Y. Inc.

-1926 to 1935 - Tests and Repairs of watthour end demand

meters, indicators and recorders. Two years of Technical

Report Evc.lustion.

1935 to 1060 - Testing, new and reconditi --ted distribution

transformers and equipment. gas valves tests developing

operational failures in high pressure gas regulators.

1956 - Completed course given by Westinghouse in Electronics

1960 to lc)61 - Assisted with preoperational testing of Thdian

Point Station equipment

1961 to 19(2 -?, pervisor - Test Bureau at Indian Point Station.

lc62 to 1965 -Health Physics Supervisor Test Bureau - Indian

Point Stntlon.

IP63 - Completcd course "Basic Radiological Health" by U.S.

Public Health Service.

1965 to Date - Assistant Supervising Engineer for Technical

Services Bureau at Indian Point Station.
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George H, Liebler - Supervising Engineer

Education:

Cardinal Hayes H.S., Bronx, N.Y. - Graduated 19148.

Pratt Institute, Brooklyn, N.Y. - T and one-half years electrical

technology.

Ecperience:

lO8 to 1959 - Technician in standards laboratory of Technical

Services Bureau at 708 lst. Avenue. Certification of the stauderds

for voltage and current used by Con Edison. Testing of all portable

electric instruments used on system by the Bureau Started rnd

wor1ted an pre-operational environmental monitoring program for

Indian Point.

1959 to 1961 - Technician in the Relay and Tnatrnent Division of the

Technical Servioea Bureau at Astoria and Hell Gate generating atntions.

Testing nnd repair of operating instrumentation.

1,61 to 1965 - heolth Physics Technician at the Indian Point Station.

1Q65 to 1069 - Assiutent Supervising Supervicing Engineer in charge

of Health Physics work in the plmnt and the Radiological Environmental

Progrnm outside the plant.

1960 to Date - Supervising Engineer

q 13.4(3)-4 Supplement 8
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James P. Mboney - Assistant Supervising Engineer

Education:

Sounders Tee. H.S., Yonkers, N.Y - Graduated 1952

Completed course on computers and semi conductors RCA Institute lO66.

Completed course on Basic Radiological Health - U.S. Public Health

Service 1969. Attended Westinghouse training program Unit F

Pittsburgh, Penn. 1968.

Experience:

1952 to 1960 - Technician Waterside generating Station. instruments,

Relays and control syste.ms.

Assigned to System Operators Board 708 F!rst Avenue.

1956 to 1959 - Electric, gas and steam telemetering and auto load

frequency control.

1960 to 1968 - Technician at Tneian Point - Assigned to Construction

and startup testing on corrientional. and nuclear control systems,

rod drive system, nuclear instrument and safety system.

1968 - Technician Toreman - Tn charge of nuclear control and instruments,

rod drive, nuclear instrument and safety system

196Q - Assistant Supervising Engineer - in charge of nuclear instrument

and safety system - rod drive gas turbine cons,.ruttion and startup

testing - Unit No 2 Construction testing. Rlesponsible for modifications

to reactor auto control system,, nuclear instrument and safety system

and rod drive system

Q 13.4(3)-5 Supplement 8
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L- -QMET1OH 13.4

With regard to the startup Organization:

4. Who will analyze test results and give final approval as to the
acceptability of plant components, systems and operating chcrac-
teristics of the facillty?

ANSWER

All test rebults will receive a preliminary review and avaluation by Con

Edison site personnel and cognizant Westinghouse site startup engineers tc

determine the adequacy of test data for verification of deL *gn objectives.

Detailed analyses of test results and issuance of final test reports will

be performed by Westinghouse site startup and/or engineering and design

personnel with input from Con Edison where appropriate. Con Edison will

review all final test results to determine that desijn objectives and

criteria have been met an4 will give final approval as to the acceptability

of plant components, systems and operating characteristics of the facility.

4

I

I
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QUESIOI 14.1

Calculate the required iodine reduction factor ne-em.•ary to suet the 10 CFrt
100 guideline values for the available exclusion and low population zone
radii using the following assumptions:

a. Power level of 3216 tit.

b. TID-14844 fission product release fractions (100Z noble gases, 50Z
of the iodines, IX of the solids).

c. An iodine plateout factor of 2.

d. IOZ of the airborne iodines being sethyllodide.

e. Containuent leak rate of 0.11/day for the first 24 hours, 0.0452/day
thereafter.

f. With the following meteorology:

1 Pasquill Type F, la/sec, non-varying wind direction, and
volumetric building wake correction factor with C-1/2 and
the cross-sectional area of the contalnment structure for
the first 8 hours.

2. Free 8 to 24 hours, Pasquill Type F, la/sec with plume meander
in a 22-1/2 degree sector.

3. From 1 to 4 dUs. , Pasquill Type F aud in/sec with a frequency of
601 Pasquili type D and Xýhze•, -i*th 4 frequency of 40%, with a
meander ia the saw. 22-1/2 degrev sector.

4. From 4 to 30 days, Pasquill Type C, D, and F eonh occu--ring
33-1/3% of the ti"e with wind speeds of 3 usiec, 3 a/see,
2 rm/sec. respectively, with meander in the satme 22-1/2 degree
sector 33-1/3 of the time.

-4 3
•, A breathin rate of 3.47 x 10 =/sec for the fti:Zt 83 hoirs,

1.75 x 10 stae, from 8-24 hours, and 2.32 x 10 a/gee thereafter.

With the iodine dose reduction factors caluated as above and 10%
methyliodide removal only by a system specifically designed to remove
it, provide an analysis and discuss how the guideline values of
10 CFR 100 vill be satisfied for the facility.
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I. REYUIRED OVER-ALL DOSE REDUCTION FACTORS

T11e re-.uired analyses have been performed.

doses for each time period are given below,

given in Table 1. D.vidlng these unreduced

4

The resulting unreduced

and all input values are

doves by the 10 CFR 100

Time Period (hr)

0-2

0-2

2-8

8 - 24

24 - 96

96 - 720

0 - 720

Distance (,)

520

1100

1100

1100

1100

1100

1100

Unreduced T-. oid

Dose (Rem)

1042

544

1464

562

358

214

3142 4
criteria level of 300 reas, the required over-al.L dose reduction factors

.ro 3.5 for the two hour dose at the site boundary, and 10.5 for the 30

'a, dose at the low population zone. For these calculations of unreduced

r.loses, rbe quantities of activity released from the containment were

•alcu!-,ted w-th the PREL digital computer code, which solves the following

firczt r li1nszt differential equation for each isotope.

dC_(1)
dt

where:

C(I)

1(I)

t

- - AM C(1)

containment inventory of isotope I at any time, curies

- total removal rate of isotope I, hr-I

- time. hr

I
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0 The total removal rate X(I). 10 the sun oZ the rates of reduction of

the containment inventory due to natural decay and leakage.

The code uses values of X(1) which are constant for each of the several

ti" periods in a computation. The total activity o0 each isotope

released from the containment for each time periud was computed with

the relationship:

Q(IT) - (1)

t 2

ft I C (1) dt

where:

Q(I,T) activity of isotope I released in time t 2 -tj , curies

- containment leak rate, hr-1

The resulting activity releases were used in the following standard

relationship for the inhalation dose from each isotope for each time

period:

D(I, T) - Q(I, T) PCF(I) * B(T) - I (x, T)

Q

where the undefined terms are:

D(LT)

DCF(1)

B(T)

(Xt)

inhalation dose from isotope I during period T, rems

- inhalation dose conversion factor for isotope, I, rem/curie

- breathing rate, M 3/sec

- atmospheric dilution factor, sec/m 3

Suwplement 7
Q 14.1-3 3/70



9

It. DOSES FROM INORGANIIC IODIN1S

E
The reduction of the inorganic lodInes in the containment atmosphere

hat- been discussed in Section 14.3.5 of the FSAR. For this evaluation

it has been assumed that only one spray pump is operating, resulting in

an iodine removal rate . 32 hr-1, It is also asstmed that after the

first 24 hours, the spray system has no further effect. In addition,

it is asaumed that the inorganic fraction (90% of the 25% of core

inventories Initially available) Is not affected by the charcoal

filter system. Using these assumption, the inorganic doses below

were determined.

Dose from Inorganic

Iodines (Rem)Time Period (hr) Distance (H)

0-2

0-2

2-720

520

1100

1100

i5
8

negligible

l
In determining the total doses, these values were added to the organic

doses.

4

I
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111. DOSES FROM ORGANIC MODINES

The design of the Indian Point Unit No. 2 charcoal ftlter syst. m has been

modified to make it functionally Identical to the system proviled for

Indian Point Unit No. 3. Section 6.4 of the FSAR has been oodified to

reflect this change. With the present Indian Point Unit No. 2 design,

the sodium hydroxide NaOH spray system will be used to remove tne elemental

iodine and the charcoal filter system to remove the organic iodine.

The charcoal filter system in Unit No. 2 is similar to that ii Unit No.

3, as described in supplement 7 to the Preliminary Safety Analysis Report

for unit 3. The organic dose reduction factors for this analysis were

calculated with the expression presented on page 5.4-3 of Supplement 7,

and are listed for several values of the one pass exchange efficiency in

Table LI. This expression was developed frcm an activity balance in the

cc-itainment, which includes the effects of p:-sible long term "saturation"

of .he filters. The values of the dose reduction factor given by this

model are considerably lower than those given l-y the normal exponential

model. The values in Table II show that with the model used, the filters

have little effect after 8 hours.

It can be concluded from test data presented in tupplement 7 of the Unit

3 PSAR, and an evaluation of other available data, that efficiencies

greater than 70Z wiould be expected for the removal of organic iodines

under the conditions following a loss of coolant accident. Appl-ying the

dose reduction factors for 70% efficiency to the organic fraction (10%)

of the unreduced doses, the organic contribution to the total doses is

obtained. The results are listed for each time period below.

Dose from Organic

Time Period (hr Distance 'H) Iodines (Rem),

0 - 2 520 76

0 - 2 1100 39

2 - 8 1100 55

8 - 24 1100 18

24 - 96 1100 11

96 - 720 1100 7

0 - 720 1100 130
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The doses from organic iodines were also calculated assuming the filter

efficiency was only 5Z, and the results a-e tabulated below. 4

Time Period -(hr) Distance (1)

0

0

2

8

24

96

0

2

2

a

24

96

720

720

520

1100

1100

1100

1100

1100

1100

Dose from Organic

lodines (Rem)

101

53

128

38

14

7

240

IV. TOTAL INHALATTOH DOSES

Using the dose contributions from inorganic and organic fCrms calculated

in the previous sections, the total doses are given below L-or both

values of filter efficiencies.
4

Tise Period (hr)

0-

0-

0-

0-

2

2

720

720

Distance (L)

520

520

1100

1100

Yotal Dose (Ren) Filter f7ficiency%()

91

116

138

248

70

5

70

5

It can be

are lower

than 5%.

seen from the results given

than the IC CFR 100 levels,

in this table that the total dones

even for filter efficiencies ltwer

I
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TABLE T - INPUT VALUES FOR UNREDUCED DOSES

ISO•OPIC DATA *

Initial
Inventory
(Curieas/t-W)

Dose Conve:rsion
Factor
(Rem/Curi'e)

Decay
Conslant
(Hr- )Isotope

1-131
1-132
1-133
M-134
1-135

Time Period
(hr)

0- 8
8 - 24

24 - 96
96 - 720

Time Period
%,r)

2.51
3.81
5.63
6.58
5.10

x

x

x

x

x

104
10o4
10o4

10 410•4
10-

1.48
5.35
44.00
2.50
1.25

x

x

7.

X

106

10 4
10 5

3.58
2.97
3.31
7.92
1.03

x

x
x

10 -3
10 -110-2
110-1

ATMOSPHERIC DMLUj'ION ***

Atm. Di1. Nact. (520 M)
(sec/a)

6.7 x 10-1

Atm. Di1. Fast. (1100!•
(sec/a )

3.5 x 10-4

1.2 x 10-5
4.2 x 10-
.3x 1

CDAN'TAINMENT LEAKAGE **

Leak Rate (percent/day)

0.1

0.045

BREATHING RATES **

0 - 24
24 - 720

Tine Period
(hr)

0-8
8 - 24

24 - 720

BreaShing Rate
(M /sec)

3.47 x 10"-4
1.75 x 10-4

2.32 x 10-4

OTHER DATA

RFACTOR POWE
f.RACTION OF INITIAL INVENTORY

AVAILABLE FOR LEAKAGE

- 3216 KWth ***

- 0.25 ***

REFERENCES

*

**
TID-14844
Indian Point Unit No. 2 FSAR
Specified A2C Asstmptions
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TABLE 11 - ORGAWIC DOSE REDUCTION FACTORS

TIME PERIODS (HOURS)

Fater zfficiancy

0.0

0.025

0.05

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1.0

0-2

1.0

1.012

1.027

1.056

1.111

1. 167

1.221

1.274

1.328

1.379

1.431

1.479

1.529

2-8

1.0

1.070

1.141

1.289

1.582

1.862

2.114

2.331

2.506

2.645

2.762

2.849

2.915

8 - 24

1.0

1.23

1.47

1.938

2.725

2.941

3.077

3.135

3.156

3.166

3.171

3.174

3.174

24 - 96

1.0

1.86

2.506

3.012

3.164

3.174

3.174

3.1714

3.174

3.174

3.174

3.174

3.174

96 - 720

1.0

3.098

3.174

3.174

3.174

3.174

3.174

3.174

3.174

3.174

3.174

3.174

3.174 I

4
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Ql1KSTIONI 14. 2

There appear to be mbiguities in the PSAR with regard to the Cose
dsnlgn criteria for the control room. State the dose criteria for the
control room.

Calculate the whole body and thyroid lose that would be received by an
operator in continuous occupancy of %.ae control room during the course of
an accident using the assumptions indicated in 14.1 above. State all
assumptions and justify them.

The dose criteria applicable to the control room are as follows:

Personnel remaining In the control room for an 8 hour period

of time following a loss of coolant n,-'Ident must not receive

doses greater than 5 ram to the whole .,dy and 30 res to the

thyroid.

Tho design of the control reom ventilation and air conditioning system

in presenteJ In sectiun 9.9.2 of the FSAR. During normal operation,

conditioned air is admitted to the control room through downward directed

ceiling registers located 14'-9" above the control room floor. A perforated

aluminum or egg crate ceiling is located 12 feet above the floor.

The damper In the makeup air supply duct is partially open during normal

operation and under remote manual control. This damper will close auto-

matically on a high actl'dty signal from the area monitor (Radiation

Monitoring System) in the control room. This signal also automatically

starts the separate REPA-charcoal filter unit fan and positions dampers

to route flow through this unit.

The control building volLme served by this system is 43,400 ft 3, and the

air conditioning system flow Is 9200 cfm. The flow rate through the

charcoal filter unit (during accident mode operation only) is l40 cfm.

The filt•:r efficiencies of the HEPA and charcoal filters are expected to

exceed 95Z and 90%, respectively.

Q 14.2-1 Supplement 4
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The makeup flow from the outside is normally 920 cf=; however, as a result

of a system change, this flow will also be terminated automatically by the

ECCS demand signal. For this reason, no activity can enter the control

room volume from makeup flov folloving a major accident. Activity i1.

assumed to enter the control room through inleakage.

The thyroid and whole body doser for the Indian Point Unit No. 2 control

room following a postulated loss of coolant accident have been calculated

using the control room parameters. With the assumptions listed below the

radiation doses in the control room are as follows:

0-2 Hr 0-8 Hr 0-24 Hr 0-30 Day

Design Basis Accident

I.,yroid Dose (Re=) 1.29 9.46 14.65 26.9

Whole Body Dose (Rem) 0.0035 0.0087 0.014 0.017

Hypothetical Accident

Thyroid Dose (Rem) 43.92 244.8 394 651

Whole Body Dose (Rem) 0.86 2.02 2.46 2.61

The assumptions used in the analysis are as follows:

1. Design Basis Accident

Release to the con'alnment atmosphere of 100% of the halogens (95%

inorganic, 5% organic) and 100% of the noble games in the fuel pin

gap-

Hypothetical A:cident

Release to the containment atmosphere of 50% of the halogenn (47.5Z

inorganic, 2.5% organic) and 1002 of the noble gases in the core.

Supplement 8
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2. Spray removAl rate of 32 hr"I for inorganic iodine and 70Z filter

efficiency for organic with 3 of 5 fan ursits operating in the

containment

3. Containment leak rate of 0.1 Z per day fo- the first day and 0.045%

per day for the remainder of the period.

4. Leak rate of 200CIH into control room two and 300 CFK .-ito control

room one from the itmosphere.

5. Leakage of 150 CFH from control room one to control room two.

6. Filter efficiency of 90% for inorganic iodine in control room two

with a flow rate through the filters of 1800 CFH.

7. Finite cloud model used for whole body dose analysis. C)

8. No beta contribution to the whole body dose from activity outside

the control room.

The potential doses in the control room for the design basie accident asamup-

tLion are within the specified criteria. As assurance that the Operators

will not receive excessive doses even for the postulated hypothetical

release, Scott air packs will be available in the control room. These self-

contained breathing units will eliminate the inhalation dose for as long

as the unit is worn. Area radiation monitors inside and outside the control

room will alarm at low radiation levels to inform the Operators that a

radiation hazard exists.

(1) Hateorology and Atomic Energy 1968, (TID-24190) U. S. Atomic
Energy Commission.

Q 14.2-3 Supplement 84/30



Question 14.3.1

Provide plots of time-to-mignal vs. break size for the following three
safety injection initiation signals: coincidence of low pressurizer
pressure and level, high containment pressure and high-high containment
pressure. At what percentage of the containment design pressure wiil
the two pressure signals be set?

Answer

The answer appears oil revised pages 7.2-14., 7.2-27. 14.3.1-13. 14.3.1-28. and

Figure 14.3.2-42. Figure 14.3.2-42 does not include a curve for high-

high containment pressure since this is not a safety injection initiation

signal as explained on page 7.2-27.

Supplement 1
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QUJEST-1o0 14.3.2

Describe the deaign and tests of the valve and valv* operator which are
a•ded to the sump auction lines to limit the consequences of a passive
failure in the sump se.ctIon l!ne.

MRSWER.

The design of the containment sump _alves and operators is described on

page 6.2-25 in the Motor Operated Butterfly Valves section. The envir-

onuentna tcsts of the valve operators are given on page 6,7-35a and are

identical to other essential valve operators In the containment. Related

Informution on th- compatability of the valv4 =terials .with the con-

cent -anvirontunt appears In the response to Question 6.3 and 6.4.

In addition. Nordel material has been irradiated to levels frow 1.6 x 106

8
to 1.1 x 10 rads. The exposed s9als (fabricated from Nordel materials)

operated satisfactorily through three hours test phases totaling 500 hours.

Q 14.3.2-1 Supplement 2
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Rues tion 14.3.3

Demonstrate tnat the 9-second difference in assumed starting Lime and
design aterting time doe- not significsntly change the calculated per-
formance of the ECCS pumps, both high head and low head, for representative
large and small breaks.

Answer

The abov-e question will be answered later in a WCAP report which describes

the core cooling analysis for Indian Point Unit No. 2. This report will

describe the codes which have been used for the Indian Point Unit No. 2

analysis and will present details of the computational models and experimental

verification. A design evalu'tion of the ECCS and core will be presented

including margins In ECCS design and a sensitivity study of the important

parameters. This report will be issued about December 1, 1969.

Supplement 1
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Question 14.3.4

Provide a quantitative assessment of the analytrical conaervatism in the

core heatup calculetionus for intermediate sized breaks (0.2 to 3.0 ft 2);

include considerationa of time to DNB, transition boiling, water level

swell, fuel pin gap conductance.

Answer

For Answer, refer to Question 14.3.3.

Supplement 1
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Question 14.3.5

Provido the conditions and results of Westinghouse fuel rod perforation
tests, cladding nutectic tests, and clad shatter teats in support of your
LOCA analyses and conclusions. Provde deta'ls of the conditions for the
perforation, eutectic, and shatter tests, in luding descriptions of the
test rigs and geometries, steam flow, purity ,,f steam and air content,
fuel =.id fabrication relative to commercial fabrication, fuel rod irradiation,
clad heatup rate, and type of heater.

Answer

This question will be given ir WCAP-7379-X. which will be filed with the AEC.

0
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10169Q 14.3.5-1



QUESTION 14.3.6

Provide the details of the models used to simulate the reactor, loop, and
reactor internals in the blowdown load calculations using the BLODWN
program. Show how the code was used, Identify those components which
must survive blowdown to ensure a shutdown and coolable core. Show the
logic behind their identification. Provide the stress3i or limited
deformations predicted for these components.

ANSWER

For answer, refer to Question 14.3.3.
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1uestion 14.4.1

Discuss the ejected rod worth and peaking factors used in your analyses
and the relationship of these values to those corresponding to the
following cases:

A. Control bank Insertion to the Technical Specification limits;

B. Control bank insertion in excess of these bank limits;

C. Rods fully inserted lcng enough to result in xenon redistribtion
(assuming operations at both full power and low power lollowing
full power operation); and

D. X-Y xenon oscillations.

Answer

A. All analyses presented in Section 14.2.6 refer to rod bank insertion

to at least the limits of the Technical Specifications. The caser

considered in Section 14.2.6 are RCCA ejection from zero power and

ejection from full power. No intermediate case is limiting. Transient

hot channel factors are listed in Table 14.2.6-2. Initial, or

pre-accident, hot channel factors for the full power cases are taken,

conservatively, to be the design maximum, 3.23, even though the

calculated values are lower.

B. Control bank insertion in excess of the bank limits has been considered

(of page 14.2.6-8 and 9) even though visual and audio alarms are

provided by the Reactor Control and Protection Systems at the bank

limits. To summarize, ejection of a rod from a fully inserted bank

at full power would not cause fuel or cladding to melt.

C. All analyses conservatively assume that the roe is ejected from an

equilibrium (rodded) xenon distribution so that the local change

in reoctivity is a maximum.

I). The core will be operated within its design limits even in the

presence of an X-Y xenon transient. As was stated in answer A.

above, till analyses assume that the --ore was at design hot channel

factors limits at the start of the accident.

Q 14.4.1-1 Supplement 4
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Qestion 14.4.2

If the reactor is operating with one percent failed fuel, discuss the influence
on the rod ejection analyses of any hi-burnup waterlogged fuel which may have
lower threshold levels for prompt rupture.

Answer

This Is an area where a relatively small amount of experience and data exists.

We have, as a result. initiated an anrlytical study of the behavior of
waterlogged fuel rods. However, there is no reason to expect waterlogging
to occur in service except due to a random failure of a component such
as an end plug weld. The rupture of such isolated fuel v'ods during a rod
ejection accident would not, on the basis of the spert waterlogged fuel
tests, cause coolant channel blockage, and the increase in coolant activity
due to the failure of several waterlogged rods would not be significant.

q 14.4.2-1 Supplement 4
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Question 14.4.3

Your analyse& of the control rod ejection accident indicate that limited
fuel rod damage would be anticipated and that rapid fuel dispersals fnto
the coolant would not occur. However, these analyses predict the fuel
pin conditions for only the first few seconds following the hypothesized
rod ejection. Since the events leading to the rod ejection accident also
result in a loss of primary coolant accident, your analyses should be
axpande-l to examine the fuel rod conditions over a longer time period.

The 'expanded analyses should consider the core lifetime and power conditions
which lead to the reactivity insertion which is the most severe with respect
to fuel rod conditions following the ejection accident. The analyses and
discussion of the results should include the follodrinr considerations:

(a) The core cooling systems assumed to function and the sensitivity
of the analytical results to changes in the assumed core coolant
delivery.

(b) The transient primary coolant conditions within the core region
and within the primary system.

(c) The energy input to the core due to the rod ejection, and the local
energy input, including appropriate peaking factors. (These energy
inputs should be compared with those customarily assumed for the
analysis of the loss-of-coolant situation with the same break size
but without the rod ejection.)

(d) The transient heat transfer assumptions employed for the rod
ejection analyses and where these assumptions may differ from the
loss-c-f-coolant analyses with the same break size.

(e) The transient fuel
oxidation, locally

and clad conditions; i.e., temperature, perforations,
and extending over the core.

Q 14.4.3-1 Supplement 4
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Based on the transient coolant conditions and the initially high enthalpy
fuel conditions, discuss the potential for rod to rod propagating effects;
*.ge, heat transfer disturlbances, perforation related disturbances, and
oxidation celated disturbances, How would the fuel and clad conditions I
predicted in (e) be influenced by such potential propagating effects?
If the effects are adverse, then discuss the initial enthalpy conditions
foz which the fiml rod would remain in an intact and coolable status.
Relate this to reactivity inserted from the rod ejection.

Answer

Since an extensive discussion of the loss-of-coolant accident is presented

elsewhere in Section 14, and since tise largest possible aperture for

coolant loss which could occur in a rod-ejection accident is less than

2.5 square inches, the coolant loss has been ignored in the rod ejection

analysis. The rod ejection accidents occurring at full power are

essentially over in ten seconds with an excess energy inaertion of less

than 0.5 full power seconds (Figure 14.2.6-11). The change in primary

coolant conditions during the first 10 seconds of the blowdown through

the 2.5 square-inch aperture is insignificant and would act principally

to reduce the alight pressure increase which accompanies the rod ejection

accident (cf., page 14.2.6-10).

In response to particular questions:

a. Core cooling systems required are the same as for any small

loss of coolant accident.

b. Analyses have been performed with and without DNB assunned.

Coolant pressure has been assuted constant for the few seconds

of interest. Consideration of a 10% pressure reduction would

i. contribute negative reactivity and mitigate the power

excursioa

ii. lead to a clad temperature not more than 100°F higher than

those given.

I
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c. Rate of energy addition is giver. in Figure 14.2.6-11 and 12.

Energy addition peaking factoT.s are given as "transient FQ

in Table 14.2.6-2. The excesoi energy release in the full

power cases is less than 0.r f~ll-power-seconds, and the hot

spot temperatures have returned to near normal in less than

10 seconds, a short time interval compared to the time required

to blow down the primary loop with a 2.5 square inch aperture.

d. Gap heat transfer coefficients are given in Table 14.2.6-2.

Analyses have been performed with and without assumed DNB.

Heat transfer models are consistent with those used in small-

break loss of coolant accidents.

e. Local deformation due to the rod ejection ia discussed on

page 14.2.6-6 and in answer to qu, stion 14.4.2 above; in

brief, lattice deformation is not expected. Deformation due
to the coolant loss is discussed elsewhere in Section 14. The

combination of rod-ejection and loss-of-coolant accident does

not lead to worse results because the rod ejection accident is

over, without lattice deformation, before the coolant loss be-

comes significant, and hot spot temperatures are no higher than

design temperatures by the time the coolant loss becomes

signif JianL.
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_QU&STION 14.5

Provide an analysis of the consequences of total blockage of the inlet
nozzles of fuel assemblies. Include the number of nozzles which mumt he
blocked before fuel damage would occur, the nature of the fuel damage,
and the means by which such blockage might be detected.

ANSWER

The blockage of fuel assembly inlet nozzles and the resulting effect on DNB

has been considered. With the reactor operating at nominal conditions,

partial blockage causing flow reductions of 90% In adjacent fuel assemblies

(including the hot assembly) having a total cross-section area of approx-

imately 210 in2 can be tolerated before DNB is expected to occur. This cross-

section area is equivalent to an open lattice array of 26 x 26 fuel roas.

Partial blockage causing flow reductions of 80% at the inlet of adjacent

assemblies (including the hot assembly) having a total cross section area of

about 350 in 2 is also tolerable. This wculd correspond to an open lattice

array of 33 x 33 fuel rods. The above blockage conditions result in a

minimm DNBR of 1.11.

No fuel rod damage is expected for DrB ratios greater than this value. This

is based on more than 100 rnA bundle data points obtained by Westinghouse(1).

In these series of tests the ratio of measured power to predicted power using

the W-3 DNB correlation was always equal to or greater than 0.9, the mean

value being 1.08. Thus, the m,-imum value of DNBR at which DNB occurred was

1.11.

The answer provided above was calculated using the computer code THINC,

which is the basic tool for the thermal and hydraulic analyses for the

Westinghouse open lattice core. The question as stated asked for analysis

for flow conditiot.. (full blockage) that would result in an infinite

enthalpy rise at the channel entrance, and thus, a ,-3aningless response.

We have provided results for several highly -impab able flow blockage

conditions which are still tolerable in that no fuel damage is expected

to occur.
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REVERPSCES

(1) J. Waisman, A. 11. Wenzel, L. S. Tong, D. Fitzuiunona, W. Thorne, and

J. Batch, "Experimental Determination of tho Departure from Nucleato

Boiling in Large Rod Bundleoi at High Presnure," AIChE, ProprInt 29,

9th National 10oat Transfer Conference, 1967, Seattle, Washington.

4

4
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QUESTION 14.6

f4sed on our evaluation of the fuel handling accident, we have concluded that
the design bases for equipment in the fuel handling area should consider that
-Al rods in an assembly could be perforated by dropping a fuel assembly during
reij;oling. In calculating resulting offsite exposures we assume that 20% of
the n ,'- gas and 10% of the halogen would be released and that 90% of the
halt ,-dr; would be retained in the fuel storage pool. The resulting thyroid
dose - Ule site boundary is in excess of 10 CFR 100 guidelines. Please state
whaL corrective measures or design changes will be made to insure that off-
site doses resulting from this accident will be less than the 10 CPR 100 guide-
lines.

ANSWER

Additional modifications will be made to the fuel handling building prior to

the end of the first year of full power operation to give further assurance that

the consequences of a fuel handling accident involving a spent fuel assembly

will be acceptable. This system, prior to installation, will be subi.ct to

review by the AEC Division of reactor Licensing The modifications, %thich

include the addition ot charcoal filters, wili be designed to reduce the dose

to a small fraciton of the guidelines of 10 CFR 100 at the site boundary. The

charcoal filters will remove iodine with an efficiency of 90%, and the building

and its ventilation system will be designed to give an overall dose reduction

factor of 5 when compaz -d Lo an uncontained release.

As further evidence that the consequences of the postulated accident in wl.ch

all rods ave breached are acceptable, an investigation was made to determine

what the expected situation would be in terms of iodine available for release

to the speni" fuel pool water, the retention of iodine in the pool water, and the

resulting dosis at the site boundary. These .malyses do not take credit for

either buildinh holdup of the iodine or removal by charcoal filters.

The consequences of an accident in which all rods in an assembly are breached

under water in the spent fuel handling area were analyzed. Two cases were

considered: an expected case, in which the expected characteristics of the

highest ratud assembly normally to be discharged at end-of-life are assumed,

along with best-estimate transport behavior of fission products determined

by tests; and a conservative design basis case, in which factors are introduced

to allow for uncertainties.

Q 14.6-1 Supplement 15
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The expected case in sunmarized in Table 14.6-1. The resulting maximum off-

site doses are calculated to be 3.3 rem thyrcid and 0.4 rem whole body, assuming

continuous exposure during passage of the released radioactivitj. These doses

are well below 10 CPR 100 limits.

In order to impart a degree of bias to the calculation sufficient to assure

conservative results, margins for uncertainty were then applied to experimental

data and the assumptions regarding fission product Inventories. In the design

basis case thus obtained, summarized in Table 14.6-2, the maximum off-site doses

are 14 rem thyroid and 1.1 rem whole body. Thus, even in the event that un-

expected deviations from predicted behavi6& were to occur, the consequences of

the postulated fuel handling accident are conclude to be within the guidelines

of 10 CFR 100. In view of these results, no further prov-sions in the design of

the fuel handling and storage facility are relied upon to assure conformance to

regulations t verning accidet,,1.l release of radioactivity. All reasonable mneas-

ures will be employed in the handling •.f irradiated fuel, however, to Bnsure

against the occurrence of fuel damage and the associated radiological hazard.

Basis for Assumptions

In analyzing the conseuqneces of a fuel handlir.g accLdent, we have made

assumptions which differ from those set torth in Question 14.6. These differences

are justified on the basis of specific design arameters and conditions of

operation of the fuel of this reactor, and by means of to sts conducted for this

purpose. (See WCAP-7518-L, Westinghouse P.-oprietary, a ummary of which follows).

The major differences Ites in the decontamin.tion facto (DF) for iodine which is

assumed for gas bubbles passing through the speit fuel it liquid: whereas

the DF stated in the question is 10 (i.e., 90% rttained by the liquid) we have

assumed 740 in the expected case and 500 in the des&6 n basis case. These values

are based on tests conduLted by Westinghouse to measure the absorpti .n efficiency

of bubbles under conditions closely simulating the accident.

An experimental arrangement, consisting of a 9 inch diamer-r vertical column

containing boric acid solution at a depth of up to 7.5 feet, was utilized in

the study. At the I.,eom of the column, a gas injection vessel was provided

Q 14.6-2 Supplement '15
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to permit the introduction of a fixed gas (nitrogen) containing iodine vapor

at the design basis concentration for a Westinghouse fuel assembly. The gas

mixture was injected in the solution and the stripping efficiency for the

molecular iodine was determined by inventory of the fraction which excaped from

the aqueous soltuion, compared to the quantity -etained in the solution. The

bubble size was controlled, as was the solution depth, so that the relationship

between DF and these variables could be determined.

The results of these tests provide a relationship between DF and bubble size

for given water depths (bubble residence time). To obtain a basis for selecting

a conservative bubble size with which to model t1a, release of gas from a broken

fuel assembly, a full-scale mockup test was conducted. The mockup simulated in

exact detail the cross section of a Westinghouse fuel assembly, fitted up in

such a way as to permit the simultaneous release from all tubes of a quantity

of gas at a pressure and volume corresponding to the void space of an actual

fuel assembly. The gas was discharged in a large pool at a depth of 26 f-.,

approximately the depth of the top of the spent fuel racks. Effective bubble

size was determined by measuring the absorption of a trace gas in the full scale

release and comparing this vLth absorption of the same gas with controlled bubble

diameter in the laboratory column.

Using the laboratory column data ac a basis for the efficiency of absorption of

iodine relative to the trace gas, the expected DF for ludine was then calculated

for the full-scale release at the 26-ft dipth. Best-fit of the experimental

results gave a DF of 1200 when the release from a Westinghouse designed ron-

pressurized fuel assembly was simulated, and 740 when the gas pressure was

elevated to simulate Westinghouse designed pressurized fuel. The thyroid dose

in T&ole 14.6-1 was based on the lower DF, although the first cor. for Indian

Foint Unit 2 will not be pressurized; future cores in Unit 2 may employ pressur-

ized fuel.

Evaluation of the experimental results was then repeated making allowanc

for uncertainties in the measurements and modelL.S assumptions. The con-

clusion was that values of 900 and 500 would conservatively represent

Q 14.6-3 Supplement 15
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the DF for non-presnurized and pressurized fuel, respectively. Accordingly.

a value of 500 was assumed for purposes of calculating the thyroid dose In

Table 14.6-2,

Dose Calculation Mebtods

The dose calculations were performed for an instantaneous release of the

fuel assemlby gap activity to the spent fuel pit water. The dispersion

factor (X/Q) used it the calculations Is for the site boundary, short term

done.

A. Inhalation (thyroid) dose

Since practically all halogv&n isotopes except iodine-131 in the fuel

assembly have decayed to insignificant levels after 100 hours d~cay

time, the thyroid dose Is calculated using 1-131 activity only. The

following equation is used to obtain an integrated dose:

D ( 2hr A(131) -h, 3 1td
thy S. -B

1( I) - DCF(131)

. xlQ (S.B.) . B I
where:

S.B. - site boundary

A(131) - activity of 1-131 In fuel assembly gap - Ci

X 131 - time constant for 1-131 decay

t 0 - elapsed time before transport of fuel from containment

DF - decontamination factor for iodine in spent fuel pit water

DCF(131) - dose conversion factor for 1-131 (1.48 x 106 r=/Cli)

/Q (S.B.). atmospheric dilution factor for site boundary distance

B - breathing rate

4
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B. Whole body dose

The whole body dose is based upon both ga=a and beta radiation

exposure. On an isotopic basis, the equations for integrated

doses are given by;

D 2 hr) . A - /Q (S.a.) --A E I d d (Gar=ia)
WBy 1  S.B. I

and

(2 hrI ) A - X/Q (S.B.) - K * e - I (Beta)DB "S. B."

where: S.B. - site boundary

I activity of the i th isotope released to the atsphe

K - combinataon of physical constants for ga- and
beta radiation*

E - ga=~a energy (Hev/disintegration)**

E - beta energy (Yev/disiidregration)

time constant for decay of I th isotope

td - elapsed ti, before transport of fue~l from
containment

X/Q(S.B.). atmospheric dilution factor for site boundary
distance

SK is a comntant wihich relates a dose for a serl-infinite cloud in

rem to equivalent enwrg of absorption, energy of decay, and activity.

K 1/2 (3.7xlo disintegrations/curie-sec) " (1.6x,0-6 ergs/Hev)

1 3 .

* (0.01 rad - gra&%air) /erg) I (1- eters (aL:)/gran(air))

S( BE rem/rad - 1 for beta and ga== radiation)

K - 0.246 rem
curie (sec/= 3 ) '

~disintegration'

**See Table 14.6-3.
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TABLE 14.6-1

4
-FUEL ILANDLING ACCIDENT-- EXPECTED CASE

Fuel Parameters(1)

Reactor Power (102.)

No. of Assemblies

Fuel Rods per Assembly

Normalized Power, Highest Rated Discnarged Ass'y

Thermal Power, Hiighest Rar.ed Discharged Ass'y

Axial Peak/AvE-, Highest Rated Discharged Ass'y

Peak Lineal Power, Highest Rated Discnarged Ass'y

3280 HWt

193

204

1.29

21.93 M•t

1.37

11.1 Kw/ft

4
Temp./Powur Distribution(1)

Local Teperature Z Fuel Vol1e Power (Mt) in Volume

>3700

3500 - 370)

3300 - 3500

3100 - 3300

2S00 - 3100

2700 - 2900

2500 - 2700

<2500

0

0.03

1.13

1.89

3.05

3.49

4.91

85.49

100.

0

0.008

0.333

0.553

0.856

0.967

1.276

17.933

21.93TOTAL

I
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TABLE 14.6-1 (Cont'd)

Fisnion Product Inventory(2)

Curies Curies Fraction Curies A-Decay Curies in Void

1sotope lot Assembly in Void in Void Sac at 100 hrs.

1-131 2.51 x 104 5.50 x 105 0.0165 9.07 x 103 9.96 x 10-7 6.34 x 103

1-132 3.81 x 104 8.36 x 105 0.00183 1.52 x 103 8.02 x 10-5 0

1-133 5.63 x 104 1.24 x 106 0.00599 7.42 x 103 9.20 x 10-6 2.7 x 102

1-134 6.58 x 104 1.44 x 106 0.00115 1.65 x 103 2.20 x 10- 4  0

.0 1-135 5.10 x 104 1.18 x 106 0.00338 J.99 x 103 2.86 x 10- 4  0

Kr-85m 1.11 x 104 2.43 x 105 0.00472 1.14 x 103 4.41 x 10-5 0

Kr-85 3.62 x 102 7.92 x 103 0.242 1.92 x 103 2.14 x 10-9 1.92 x 103

Kr-87 3.62 x 102 4.66 x 105 0.00137 6.38 x 102 1.48 x 10"4 0

Kr-88 3.03 x 104 6.64 x 105 0.00472 3.14 x 10 3  6.95 x 10-5 0

Xe-133m 1.44 x 103 3.16 x 104 0.0090 2.84 x io2 3.49 x 10-6 8.08 x 101

Xe-133 5.70 x 104 1.24 x 106 0.0135 1.67 x 104 1.52 x 10- 6  9.66 x 103

Xe-135 1.55 x 104 3.40 x 105 0.0037 1.26 x 103 2.11 x 19-5 6.33 x 10-1

Ov
-,0.

oEo

•o



I -

I.-.

t
TAVALE 14.6-i (Cont'd)

Fission Producý,clease

D. F. for Ratentl•in by

Pool Water

halogen

noble gas

Curies released to environment

1-131

Kr-85

Xe-133

740. (3)

1.00

8.57 x 100

1.92 x 103

9.66 x 103

DapRersalon and Potential Exposure at Site Boundary

Atmospheric flisperslon Factor (x/Q,

Receptor Urfathiug Rate (m 3sec.

Calculated Adult Thyroid dose. rem

Calculated Mhole Body Dose, rem

aec/3 ) ? .5 =r 10-4

3.47 x 107 4

3.3

0.4

Footnotesp:

(1) Conditions of the highest rated assembly are those calculated for the

assembly with maxmutz power in the discharge region during the last
6-week; prior to refueling shutdown.

(2) Fission products in the void space are determined according to the widdal

described in Section 14.3.5 of the M•AR.

(3) Based on best-fit analysis of data from laboratory coliwu and pool
tests simulating iodirve release from Westinghouse designed pressurized
fuel rods. Indian Poixnt Unit 2 Core will initially have unprtaauurIed
fuel rods. For unpreonurtzed ful, the expected DF would be 1200.
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TABLE 14.6-2

FUEL HANDLYNG ACCIDLT DESIGN HASIS CASE

Fuel Paramters (1)

Reacto? Power (1022)

.No. of Asaemblies

FIul Rods per Assnemly

Norunlized Power, flighenr.

Thermal Pover s

Axial Peak /Avg o

Peak Lineal Power "

Rated Dischnrge Asa'y.
is $t to

3280 ,M~t

193

204

1.63

21.6 lWt

1.72

15.5 kw/ft

II

is

to

It

Te•a./Paowr Distribution()
1

Local Temerature OF

>3900

3700 - 3900

3500 - 3.00

3300 - 3900

3100 - 3300

2900 - 3100

2700 - 29U0

2500 - 2700

-. 2500

% Fuel Volume

0

1.04

2.29

2.97

3.43
•,.37

8.55

9.35

66.93

Power,(H•t) in Volume

0.372

0.813

1.045

1.155

1.655

2.-49

2.620

17.521

100.00 27.63 WtTOTAL

40,
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TWILE 14.6-2 (Cont'd)

Fission Product InventorZ(2)

Curies

Isotope 2wt..

Curies

Assembly

v0

0

1-131

1-132

1-133

1-134

1-135

Kr-85m

Kr-85

Kr-87

Kr- 88

Xe-133m

to-133

Xe-135

2.51

3.81

5.63

6.58

5.10

1.11

3.62

2.13

3.03

1.44

5.70

1.55

x 104

x 104

x 104

x 104

x 104

x 104

x 102

x 104
x 104
x 103

x 104

x 104

6.99
1.04

1. 5z

1.79

1.40

3.05

1.00

5.99

8.38

3.9b

1.54

4.27

x 105
x 10U6

x 10b
:•16

S106

x 106

x 105

x 10.4

x 105

x 1045

x 1054

Fraction

in Void

0.0368

.00426

.0129

.00264

.0073

0.00464

0,345

0.0032
.00464

.0203

.0296

.0086

2.57
4.43

1.96

4.72

1.02

1,42

3.45

1,92

3,89

8.04

4.56

3.67

Curies
in Void

104

10
3

104
103

10 4

10 3

10 3

10 3

10 3

102

104

10 3

9.96
8.02

9.20

2.20

2.86

4.41

2.14

1.48
6.95

3.49

1.52

2.11

x

x

x

%-Decay
Se"I

10"7
10 =5
10-.6

10-"4

10 -4

1.80 x 104

7.13 x 102

3.45 x 103

Curies in Void

at 100 firs.

x 10-5

x 10-9

x 10.4

x 10-5

x 10-6

x 10-6

x 10-5

2.29

2.64

1.84

x 102

x 104

x 100

Utnu

Sa
%40



TABLE 14.6-2 (Cont'd)

Fission Product Release

D. F. for Retention by

Pool Water

halogen

noble gas

500.(3)

1.00

Curies released to environment

1-131

Kr-85

Xe-133

3.60 x 191

3.45 x 103

2.64 x 104

Dispersion and Potential Exposure at Site Boundary

Atmospheric Dispersion factor (X/q sec/m )

Receptor Breathing Rate (m 3/see)

Calculated Adult Thyroid dose, rem

Calculated Whole Body dose, rem

7.5 x 10-4

3.47 x 10-4

14

1.1

Footnotes:

(1) Conditions of a hypothetical assembly, with axial. pcaking arbitrarily
increased 25% and peak Kw/ft arbitrarily increased 40% over the
referenced nominal discharge assembly.

(2) Fission products in void space, calculated for ecnservatlve power/
temperature distribution using aame model as in 17able 14.6-1.

(3) Based on conservative analysis of test data citec' in Table 14.6-1,
assuming adverse combination of measurement errors.

Supplement 9
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I
TABLE 14.6-3

ISOTOPIC DATA

(Taken Frmz Perkins and King)

ISOTOPE
GAMMA

.14ev/DisinteErati•:ý)

BETA
EXERGY

_(NzvfDisint~e grration)

1-131

1-132

1-133

1-134

1-135

Xe-133a

Xe-133

Xe-135

Kr-85=

Xr-85

Kr-87

Kr-88

0.392
2.130

0.56 5

1.023

1.680

0.026

0.027

0.261

0.157

0.004

1.586

1.91.5

0.183

0.485

0.493

0.941

0.316

0.207

0.155

0.304

0.252

0.221

1.341

0.372

I
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QUESTION 14.7

0With respect to reactor protection for anticipated plant transients pleuse
state the applicability of the report WCAP-7306 "Reactor Protection System
Diversity !.n Westinghouse Pressurized Water Reactors" to Indian Point 2.

Provide an analysis of the loss-of-load transi-ent for Indian Point 2
assuming the reactor does not scram on any of the successive trip signals.

Provide an analys1. -I Lhe loss-of-flow transient for Indian Point 2
assuming that the reactor does not scram on any of the three levels of
trip protection provided.

ANSWER

The analyses presented in WCAP-7306-L "Reactor Protection System Diversity

in Westinghouse Pressurized Water Reactors," are, in general, applicable

to all Westinghouse Pres.surized Water Reactors.

As show in this report, the reactor core is adequately protected against

anticipated plant transients by the Reactor Protection System in the

Westinghouse design which is both redundant and diverse. As a result,

failure to trip is therefore not a credible situation. Nevertheless,

in response to the second part of Question 14.7 anticipated plant transients

(including loss of flow and loss of load accidents) have been analyzed

for the Indian Point 2 plant with the assumption that all reactor trip

signals generated by the RPactor Protection System are inactive.

A primary design requirement for the Reactor Protection Systems is to

maintain the minimum core hot channal DNB ratio at or above 1.30 for

anticipated transients. This ratio is defined as the ratio between th-t

calculated DNB heat flux (calculated as a function of local fluid tempera-

ture, flow and pressure with the W-3 correlation) and fuel rod heat flux.

This limit is conservatively maintained to ensure a large margin to

possible DNB9 and thus preclude fuel damuge anywhere in the core.

The complete failure of the Reactor Protection System to provide this

protection, particularly in view of the demonstrated diversity is an

incredible event. Any analyses with such a postulation should be evaluated

Q 14.7-1 Supplement 7
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in light of more realistic limita. These analyses are parformed on the
basis of a more realistic D.NBR limit of 1.0 on the hot assembly providing
reasonabla assures that gross fuel clad damage is prevented.

The analyses presented here indicate that the most severe anticipated

transient conditions could not result in gross fuel clad damage. Since

there is no consequential damage to the reactor coolant system, any

fission products released through the clad will be retained and the safety

of the public will not be affected by the postulated failure of all

reactor trip sgInalas.

Suppla•ent 7
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No. 1 Loss of Load

A turbine trip results in the maximum load loss which can be suffered by

the plant. The most severe plant conditions that could resdt from a

loss of load occur if one postulates that the plant is initially operating

at full p-,:er with the turbine trip being caused by high condenser

pressure. Since the main feedwater pumps are turbine driven and exhaust

to the condenser, this assumption also causes a loss of feedw-.ter with

the turbine trip. Such an ^ccident, would, of course, be terminated

almost imediately by the Reactor Protection System as discussed in

detail in WCAP-7306. A summary of Reactor Trip Signals that would

terminate the accident is given in Table 1.

Since these trip signals are both redundant and diverse, the assumption

that the Reactor Protection System failed to trip the reactor is certainly

not a credible situation. N'evertheless, the loss of load analysis was

performed assuming that all reactor trip signals generated by the Reacto'

Protection System are inactive. Additional conservatism was introduced

by the following assumptions.

1. The initial reactor power, coolntnt temperatures, and pressure are

at extreme values consistent with steady state, full power operation,

including errors for calibration and instrumentation. This results

in the maximum power difference for the load loss and the miimum

margin to DNB at the initiation of the accident.

2. No control due to rod insertion assumed.

3. A conservatively small beginning of life moderator coefficient and

a conservatively large power coefficient were assumed. A large

power coefficient opposes the effect of the moderator coefficient

in reducing power when the reactor coolant temperature increases.

Only the beginning of life results are presented since a large

moderator coefficient at the end of life reduces the nuclear power

4and results in an increasing DNBR.
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Reactor Coolant Pump cavitation is sowumed to occur when the pump

inlet is 6F subcooled. It is conservatively represented by a

flow coastdown, with a tine constant of -+5 sec., at that time. 4
This representation is conservative since its effect is to move the

pump inlet temperature away from saturation, until the pump speed

decreases to zero, whereas the pump cavitation effect would be to

maintain the pump inlet temperature 68F subcooled which would result

in a greater pump flow rate.

Results are presented with and without primary pressure control

(pressurizer spray and power operated relief valves). Neglecting

pressure control results in the maximum primary pressure during

the transient and including pressure control results in the minimun

DNBR. Pigures 14.7.1-1 and 14.7.1-2 show the transient response

for a loss of load at the beginning of core life without primary

pressure control. The steam pressure increases to the steam

generator safety valve set point (1133 psia including 3% accunulaation)

and limits the initial reactor cooiant system average temperaturts

Increase to 604"F. The pressurizer safety valves limit the initial

pressure surge to 2500 paia. Th1e slightly negative moderator

reactivity coefficient causes the nuclear power to decrease to a

p.ieudo-equilibrium value of 8U percent power. The pressurizer water

volume increaqoas 1680 it 3 during this time. During this timn period

the hot channel DNBR decreases to a minimum value of 1.81. The hot

assembly DNIR (not shown on the f igures) decreases to a minimum value

of 1.91.

Tit turbine trip signal is also assumed to trip the main feedwater

pumps. Tripping of the main feedwater pumps will generate a sif.nal

to actuate the auxiliary feedwater pumr ; the auxiliary feedwator

pumps are conservatively assumed to start sixty seconds After receiving

the auxiliary feedwater pump actuation signal. Because of their

limited capacity, the auxiliary feedwater pumps are initially unable

to maintain sufficient heat transfer from primary to secondary. This

effect is soon %s a rapid increase in temperature and pressure approxi-

mataly 100 seconds after the turbine trip. The pressure increase is

further accentuated by the filling of the pressurizer with water

Supplersent 12
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(%120 seconds) resulting in water relief through the preasurizer

safeity valves. During this time period the nuclear power decreases

continuously because of the increased moderator density reactivity

feed back. The combined effect of the auxiliary feedwater system

heat removal and the safety valve capacity limit the peak pressure

to "'4000 psia at 135 seconds. The pressurizer pressure then

decreases very rapidly until 160 seconds when the reactor coolant

pumps begin to cavitate (simulated by rapid flow coastdown at that

time). This effect decreases the rate of pressure decrease.

At %170 seconds the heat removal capability of the auxiliary feedwater

smstem exceeds the core power generation causing the Reactor Coolant

System average temperature i v decrease after this time. A steam

bubble is reformed in the pressurizer at 210 seconds. At 260 seconds

the pressurizer pressure returns to 2500 psia. During this time

period the hot channel DNBR Is alwa-s greater than 1.8.

Figures 14.7.1-3 and 14.7.1-4 show the transient response for a loss

of load at the beginning of co-e life with primary pressure control.

The response is similar to figures 14.7.1-1 and 14.7.1-2 with the

following important exceptions;

1) The minimum hot channel (and hot assembly) DIBR is lower;

a minimum value of 1.70 occurs during the transient.

2) The peak pressure is much lower; a maximum value of

3340 psia occurs as compared to 4000 psia without pressure

control.

Figure 14.7.1-5 shows the effect of initial moderator reactivity

coefficient on peak pressure assuming both pressure control and

no pressure control. Also shown on that figure are the pressure

corresiornding to the Reactor Vessel Yield stress and the expected

moderator reactivity coefficient at the completion of testing and

the beginning of full power operation. The figure shows that the

yield stress will n-qer be exceeded at the time at which full power

operation is expected. In fact, with pressure control, it will
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never be exceeded and without pressure control it will be exceeded

only during a very limited period early in core life. Fifty percent

of ultimate stress pressuire for the reactor vessel, which is considered

to be the allowable limit on pressure for this transient, is not

exceeded at any time in core life.

In the analysis no credit is taken for the effect of void feedback

on power distribution. However, the results show that a total

loss of load presents no hazard to the Reactor Coolant System or

Steam System. The minimum DNBR in the hot assembly for the

beginving of core life with pressure control ic well above the

limit of 1.0. In fact, in this case the minimum DNBR at the

hot spot is greater than the Reactor z'rotection System Design

value of 1.30.

4

Table 1
Lits of Protective Trio Funetions
... . .. .......... ... T in u c i n

1. Disect Reactor Trip (On Turbine Trip)

2. High Pressurizer Pressure Trip

3. tHigh Pressurizer Level Trip

4. Steam/Feedwater Flow Mismatch Trip

5. Low Steam Generator Water Level Trip

4

4
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No. 2 Excessive Load Increase

The most severe core conditions that could result from a credible load

increase occur if one postulates a simultaneous accidental opening of

all 3team dump valves when the plant is operating at full power. Such an

accident would, of course, be terminated almost immediately by the Reactor

Protection System as discussed in detail in WCAP-7306 "Reactor Protection

System Diversity in Westinghouse Pressurized Water Reactors". A suiary

of Reactor Trip signals that would terminate the accident is given In

Table 1. Since these Re3ctor Trip signals are both redundant and diverse,

the assumption that " Reactor Protection System failed to trip the

reactor is certainly not a credible situation. Nevertheless, the excessive

loaI increase analysis was performed assuming that all reactor trip signals

generated by the Reactor Protection System are inactive.

Additional conservatism was introduced by the following assumptions:

1. The initial reactor power, coolant temperatures, and pressure are at

extreme values consistent with steady state, full power operation,

including errors Err calibration and insrrumentation. This results

the minimum margin to DNB at the initiation of the accident.

2. A conservatively large negative moderator coefficient and a

conservatively sall power coefficient were assumed. This maximizes

the power level reached following the accident.

3. The feedwater system flow capability was assumed to be limited to

its initial value. This does not affect the initial transient

response. However, since the feedwater flow is not able to match

the steam flow, the steam generator tubes eventually begin to

uncover causing a decrease in steam generator heat transfer capability,

resulting in an increase in reactor coolant temperature and an

insurge into the pressurizer.
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4. Tlhe reactor control system is Initially in operation and hence

the primary system average temperature returns to its initial value

in a short time. In practice rod withdrawal would be blocked by

the nuclear overpower rod stop. When the reactor cool.dnt systen

temperature Increases duo to steam generator tubes uncovering no

credit is taken for control rod motion to decrease T
avg"

5. No credit is taken for auxiliary feedwater pump operation even

though the auxiliary feedlmter pumps would be actuated by the

steam generator low water level signal which actuates reactor

trip.

The transaint was analyzed using a full plant digital simulation. The results

are shown on figures 14.7.2-1 and 14.7.2-2. Tie increase in steam load results

in a reduccion in steam temperature and a corresponding decrease in reactor

coolant syntem temperature. This reduction in reactor coolant system

temperature causes an increase in nuclear power. The reactor control system

rasponds to restore T avg; Tary initially settles out at a value of 572.2*F 4
with the nuclear power stabiliziaig at 125% of nominal. During this

time the pressurizer presure decreases to 2180 pain and recovers to

approximately 2230 psia. At approximately 300 seconds after initiation of

the tranaiei.tt t?.a steam gunurator tubes begin to uncover. This causes

the reactor coolant system temperature and pressure to increase due to

the duac•rease in steam generator heat transfer capability. No credit is

taken for the automattc reactor control system action to reduce T toavg

its initial value at this time. The effect of the increase in T is
avg

to reduce the nuclear power until an equilibrium condition exists between

primary and 3eeondary. The peak reactor coolant system temperature during

the transient is 578.3 F and the peak pressure is 2340 psia. The DNBR hot channel

never decreases below 1.50 throughout the transient.
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It should be noted that the analysis assumed that the hot channel factors

remain conjtant during the accident while actually the power feedback

wil.1 result in considerable flattening of the power distribution. This

effecc by itself would be enough to maintain the DNB ratio above the

1.3 limit. Thus, we concluee that the worst credible excessive load

increase accident with failure to initiate a reactor trip will not result

in core damage.
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2.

3.

6.

5.

Table I

List of Protective Trip Functions

Overpower nuclear trip.

Overtemperature delta T trip.

Overpower delta T trip.

Low steam gencrarnr wateor level.

Steam/Feedwater Flow Hismatch Trip.

I|

I

I
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No. 3 - Loss of one Feedwater Pump

The most severe core conditions that could result from the loss of one

feedwater pump occur if one postulates that the plant is initially operating

at full power without any subsequent action from either the Reactor Protec-

tion System or the Reactor Control System. Such an accident would, of

course, be terminated almost immediately by the Reactor Protection Sys.em

as discussed in detail ii WCAP-7306. A summary of Reactor Trip signals

that would terminate the accident is given in Table 1.

Since these trip signals are both redundant and diverse, the assumption

that the Reactor Protection System failed to trip the reactor is certainly

not a credible situation. Nevertheless, the loss of one feedwater pump

analysis was performed assuming that all reactor trip signals generated

by the Reactor Protection System are inactive. Additional conservatism

was introduced by performing the analysis at a much higher rating, a higher

peak heat flux, and a higher primary average temperature, resulting in a

lower initial DNB ratio. Thus resulting in less margin to the hot

assembly DNBR limit of 1.0 used for this analysis. Table 2 summarizes

the differences between the Indian Point 2 plant rating and the plant

rating used for this very conservative analysis.

A general investigation of the feedwater system indicated that the loss of

one feedwater pump results in a net feed flow deficiency of about 25% of

nominal f3edwater flow. For Indian Point 2 this feed flow deficiency

would be considerably smaller since the feedwater pumps are sized for a

power level of 3083 MWt whereas the license application is for 2758

MWt; this fact was not considered in the analysis. This feedwater flow

deficiency forces the steam generator downcomer water level to fall with

a corresponding increase in the riser exist quality, until finally the

steam generator operates essentially on a once through basis.

A detailed steam generator simulation was performed to calculate the primary

to secondary heat transfer coefficient (steam generator UA) under transient

conditions. The analysis indicates that no reduction in UA will occur until
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the steam and water inventory falls to approximately 100,000 lbs. This would

occur after approximately four minutes if the loss of one feedwater pump

accident is initiated from the normal steam generator water level. Hence,

in addition to the Reactor Protection System trips, there would be adequate

time for the operetor to manually trip the reactor. flowever, in the overall
plant simulation of thin transient, it was conservatively assumed that

the accident is initiated from a much lower steam generator level than

the normal operating level. As a result, the steam generator UA starts

to decrease at about 30 sec. as shown in Figure 14.7.3-1.

As the steam generator heat transfer coefficient decreases, the primary

temperature rises and the negative moderator coefficient results in a

decrease in core power- At the same time steam generator pressure falls.

T he turbine governor attempts to maintain load, but at full power the steam

valve soon be .s fully open and steam flow falls with falling steam

generator pressure. Eventually the system reaches equilibrium with steam

flow equaling feed flow, and with higher primary temperatures. In order

to maximize the primary temperature rise a large Doppler power coefficient

and small moderator coefficient were assured. 4
The resulta of the analysis are shown on the attached figures (figures 14.7.3-1

thru 14.7.3-5). The maximum value of primary average temperature was

630*F and the maximum primary pressure 2530 psia. The core hot channel

DNB ratio did not fall below 1.30. The hot assembly DNB ratio (not shown

on the figures) never fell below 1.40 during the transient.

It should be noted that the analysis assumed that the hot channel factors

reinain constant at the design values during the accident while in actuality

the power feedback will result in considerable flattening of the power distri-

bution. Even ignoring this effect, the DNBR limit of 1.0 in the hot assembly

is not exceeded at any time during the accident. In fact, the minimum DNB

ratio in the hot channel is even above the Reactor Protection System design

value of 1.30. Considering this and the fact that the Indian Point 2 rating

is well below the rating used in the analysis, we conclude that the loss of

one feedwater pump accideIG with failure to initiate a reactor trip will not

result In any gross core damage.
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I.
Table 1 List of Protective Trip Functions

1. Steam/Feedwater Flow Mismatch Trip.

2. Low water level in steam generator.

3. Overtemperature delta T.

4. High pressurizer pressure.

5. High pressurizer level.

Tab le 2

Parameter Indian Point Initial

Rating

Value used

in study

Power (WOt)

Peak heat flux

(BTU/hr-ft 
)

TAV ("F)

Nominal DNBR

2758

/,300

3411

579,600

571 586

2.00 1.89

Q 14.7-11
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No. 4 - Loss of FlOw (1 Pump)

The most severe core conditions that could result from a credible loss of

coolant flow accident occur if one postulates that the nl-it 1i initially

operating at full power without any subsequent action from the Reactor

Protection System. The Reactor Protection System would provide the necessary

protection against a loss of coolant flow incident. A summary of Reactor

Trip signals that would terminate the accident is given in Table 1.

Theoe Reactor Trip signals are both redundant and diverse (as described in

WCAP-7306). The assumption that the Reactor Protection System fails to trip

the reactor Is, therefore, certainly not a credible situation. Nevertheless,

the loss of reactor coolant flow analysis was performed assuming that all

reactor trip signals are inactive.

Assumptions

The following conservative assumptions were made.

1. The plant is initially operating at 102 percent of 2758 MWt with the

reactor coolant average temperature at 573.5*F (Nominal full power

T + 40F).
avg

2. A large value of the Doppler coefficient (-1.0 x 10-5 Ak/ 0 F) and a sma..

value of the moderator density coefficient (typical of beginning of

core life conditions) are assumed.

3. Power is lost to one of the four reactor coolant pumps. Each pump is

supplied by a separate bus and so loss of a single pump is the worst

credible fault. A total loss of power would de-energire the rod drive

mechanisms and produce a "de facto" reactor trip.

4. Steam flow to the turbine is assumed to vary linearly with the steam

pressure.
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Method of Analysis

A detailed digital simulation of the plant including heut transfer to tLie

steam generator of the active and dead loops was used to compute the core

power, hot spot heat flux, reactor coolant temperature and the system pressure

transiant responses. These data were then used in a detailed thermal-hydraulic

computation by the THINC-III code to compute DNB ratio.

Results

Two cases were analyzed; one case without any action from either the Reactor

Protection System or the Reactor Control System, and the other case with

automatic control rod motion.

(1) One pump loss of flow without control rod motlbn

Reactor coolant flow coastdown curves are shown on Figure 14.7.4-1.

Figure 14.7.4-2 shows the nuclear vower and hot spot heat flux

responses for the one pump loss of flow without any action

by the Reactor Control and Protection System. The reactor

coolant temperature and pressure responses are shown on Figures

14.7.4-3 and 14.7.4-4. The reduction in the reactor core flow

increases the enthalpy rise in the core, causing the core water

temperature to rise. At the same time, the decrease in the

primary-side film heat transfer coefficient in the steam generators

of the dead loop increases the core inlet temperature as shown

in Figure 14.7.4-3. The increase in the core water temperature

reduces reactor power through the negative reactivity feedback

due to the slightly positive density coefficient of reactivity

(negative temperature coefficient). Around 28 seconds after

the incident, the reactor coolant flow in the dead loop is

reversed, resulting in rapid decreases in the average reactor

coolant temperature and pressure. The new equilibrium power

level is about 96 percent of full power, which is less than

the initial power level because the steam flow is reduced by

the effect of reduced steam pressure.
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Figure 14.7.4-5 shows the DNB ratio in the hot channel and at the hot

assembly as a function of time. A minimum DNB ratio of 1.38 in4

the hot channel is reached 30 seconds after initiation of the

incident. Since DNB does not occur, there is no core damage and no

release of fission products into the reactor coolant.

(2) One-puMM loss of flow with automatic rod control

Figure 14. 7.4-6 shows the nuclear power and the hot spot heat

flux transient for one pump loss of flow with automatic rod

control. Initially, control rods are driven into the core

and then withdrawn to restore the reactor coolant average temperature

as shown in Figure 14.7.4-7. It brings up nuclear power slightly

above full power. The DNB ratio in the hot channel and the

hot assembly are shown in Figure 14.7.4-8 as a function of

time. A minimum DN3 ratio of 1.04 is reached in the hot channel

and a minimum DNB ratio of 1.26 is reached at the hot assembly

about 50 seconds after the incident. Since a DNB ratio of

1.0 in the hot assembly is not exceeded, it is concluded that4

the one pump loss of flow with failure to initiate a reactor

trip will not result in any gross core damage.

It should be noted that the analysis assumed that the hot channel

factors remain constant during the accident wh'.le in actuality the

power feedback will result in flartening of the power distribution

in the direction of improving the DNB ratio. This effect would

increase the margin to DNB conditions.

Table 1 List of Protective Trip Functions

1. Pump circuit breaker opening.

2. Low reactor coolant flow.

3. Overpower
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No. 5 Rod Withdrawal Accident

0
A rod withdrawal accident may result from a control system malfunction

which causes the rod speed programmer to demand a rod withdrawal in the

absence nf a temperature deviation of a power mismatch. The most severe

credible plant conditions that could result from a rod withdrawal accident

occur if one postulates that the plant is initially operiting at full power

without any .ubsequent action from either the Reactor Protection System or

the Reactor Control System. Such an accident would, of course, be

terminated almost immediately by the Reacto. Protection System as discussed

in detail in WCAP-7306, "Reactor Protection System Diversity in Westinghouse

Pressurized Water R-'ctors". A summary of Reactor Trip signals that would

teminate the accident is given in Table 1.

Since these trip signals are both redundant and diverse, the assumption

that the Reactor Protection System failed to trip the reactor is certainly

not a credible situation. Nevertheless, the rod withdrawal analysis was

performed assuming that all reactor trip signals generated by the Reactor

Prote•Ltion System are inactive. Additional conservatism was introac .d

by the following assumptions:

1. The initial reactor power, coolant temperatures, and pressure were

at extreme values consistent with steady-state, full power operation,

including errors for calibration and instrumentation. This resulted

in the minimum margin to DNB at the initiation of the accident.

2. The rod insertion began with control bank V at the red insertion

limit low-low I Lnit alarm setpoint and ended with bank D fully

withdrawn. Two values of reactivity insertion were examined, 0.3%

and 0.8%.

3. The reactivity insertion rate due to the rod withdrawal corresponded

to a bank of conservatively high rod worth being withdrawn at

maximum rod speed.

0

Supplement 12
QI4.7-15 7/70



4. The moderator coefficient of. reactivity wis assumed to be a function

of moderator density. Vali, ical of be2inning of life operation

wa•re chosen in order to prov.-.. a conservatively low amot .t ox I
reactivity feedback due to changes in moderator temperature.

5. The Doppler coefficient of reactivity was assumed to be a function of

fuel temperature. Values were chosen so that the resultant amount

of feedback was conservatively low.

6. Primary pressure control (pressurizer spray and power operated relief

valves) was asst.!_'d oi1 5• 'his resulted I.n the minimum reactor coolant

system pressure and, thus, the minimum DNBR throughout the transient.

7. Tite feedwater system flow capability was assumed to be limited to its

initial value. This does nor affect the intlal transient response.

Hlowever, since the feedwater flow is not abl.' &o match the steam

flow, the steam generator tubes eventually begiv. to uncover causir'

a decrease in steam generator heat transfer capability resultirAg ix

an increase in reactor coolant system temporature and an inasurge

intn the pressurizer.

The transient was analyzed using a full plant digital simulation. The

results are shown on the attached figures. Figures 14.7.5-1 Litrough

14.7.5-3 show the results for a reactivity insertion 0.3% Ak while

figures 14.7.5-4 through 14.7.5-6 show the results for an insertion

of 0.8% Ak. For either case, the initial response is an almost inmnediatr

increase in nuclear power, reactor coolant system temperature and presstire.

When the control rod assembly is fully withdrawn the tiegatLive feedback

effL t. of the moderator and Doppler coefficients tends to decrease the

power, temperature and pressure to constant values. When the ste-m

generator tubes begin to uncover and heat transfer bet-een primary and

secondary is decrease, the reactor coolant system temperature tends

to increase. The negative reactivity effect of the tempe-*ature rise causes

a decrease in power until a new steady state is reanhed. For the

reactivity insertion of 0.3% Ak the peak nuclear power of 143% of

nominal is reached with a peak pressurizer pressure of 2350 psia. For

this case the hot assembly DNB r-..io is 1.1. For the reactivity insertion
of 0.8% Ak the peak nuc1'_: power is 158%. For this case the pressurizer
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fmiin with water at npproximately 6n su'condn. Stnce the prou4urtzer

relief valves have considerably less relief capabilit'y when relteving water

the pressurizer pressure increases to 2500 at that time. This same effect

is seen when the steam generator tubes begin to uacover. For this case

the hot assembly DNB ratio falls below 1.0 approximately forty seconds

after the accident occurs.

Since the hot assembly DNIBR ralua nf 1.0 is approached for the 0.3Z Ak

insertion and exceeded for the 0.8% Ak insertion, the peak fuel rod

clad and fuel temperatures uere examined assuming stable film boiling after

the DNBR decreases below 1.30. For the 0.3% Ak insertion the peak fuel

centerline temperature reaches 56000F with apprcximately 20A of the

fuel malted in the lead rod pellet at Lhe highest powered axial location which

goes through EiIA; the peak clad temperature is 1100F. For the 0.8% Ak

insert'on the peak fuel cenL.erline temperature reaches 6600*F with approximately

40% of the fuel melted in the lead rod pellet at the -highest powered axial

location which goes through DNB; the peak clad temperature is 1325"F. It

is, therefore, concluded that the rod withdrawal accidents with failure

to initiate a reactor trip will not result in any gross core damage.

Tal1e 1

List of Protective Trip Functions

1. High Nuclear Flux Reactor Trip

2. Overpowe;, delta T

3. Overtemperature delta T

4. High pressurizer pressure

5. High pressurizer level

6. Steam/Feedwater Flow hismatch

7. Low Steam Generator Water Level
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No. 6 Start!up Accident

The most severe core conditions which could result from a startup acci- I
dent occur if one postulates the co=plete withdrawal of a RCC bank, while

the plant Is at hot zero power, without any subsequent action from the

Reactor Protection System. A startup accident from hot zero power would

be nore savuro than one from cold zero power b,.cause the higher initial

temperaL~je results in a higher overall heat transfer coeffit".nt, a less

negativt, ),for temperature coefficient, and an increased fuel therma!

capacity.

A startup arcident would, of course, be terminated almost immediately

by the Reactor Protec.ion System as discussed in WCAP-7306, "Reactor

Protection System Diversity in Westinghouse Pressurized Water Reactors".

A stary of Reactor Trip signals that vould terminate the accident are

6iven in Table 1. Since the trip signals are both redundant and dIverse,

the assumption that the Reactor Protection System failed to trip the

reactor is certainly not a creditable situation. Nevertheless, the startup

accident analysis was performed assuming that all Reactor Trip signals 4
generated by the Reactor Protection System are inactive.

The withdrawal of an RCC bank results in a positive r-.activity insertion

and is characterized by a fast r.se in neutron flux. The flux rise

continues until it is terminated by the reactivity effect of the negative

Doppler fuel coefficient. The neutron flux then falls until a steady-state

value is reached where the reactivity insertion is balanced by the reactivity

effects of fuel tempurature and moderator density. The neutron flux ri.e

is accompanied by a rise in the thermal fli'x, which lags the neutron flux,

and, of course, by an increase in both reactor coolant system temperature

and pressure. If the feedwater flowrate is insufficient to match the steam

Dow, the steam generatuc Lubeb will emcaLadily btart to uncover causing

the steam generator heat transfer capability to decrease, causing an

increase in the reactor coolant system temperature and an insurge into

the pressurizer. This increase in temperature will cause the nuclear

4
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pewer to decrease to A uew steady state value because of the negative

moderator density feedback.

The following assumptions vere made in the analysis:

1. The plant was inrtially at hot zero power with nominal reactor

coolant flow.

2. A total reactivity Lnsertion of 1% was assumed. This is repre-

sentacive of the complete withdrawal of one RCC bank.

3. Reactivity insertion rate corresponding to the bank being withdrawn

at =axit speed with avorage bank worth was assuied.

4. The moderator coefficient of reactiviry was assu=ed to be a function

of moderator density. Values were chosen so that a conservatively

low =ount of feedback resulted as typical of beginning of core

life conditions.

5. The Doppler coefficient of reartivity vas assumed to be a function

of fuel teperacure. Values were chosen sc that the resultant

aount of feedback was conservatively low.

6. The feedwater control system was assuzed to be in zwnual control.

This does not affect the initial transient response. However, since

the feedvater flow is not able to match steam flow, the steAm genera-

tor tubes eventually begin to uncover causing a decrease in heat

transfer capability resulting in an increase in reactor coolant

system temperature and an insurge into the pressurizer. The

auxiliary feedwater pumps are assumed to be actuatea on steam

generator water level with the tine delay on actuation conservatively

assumed to be 60 seconds

Figure 14.7.6-1 shows the neutron fltu response and the thermal flux response.

The peak value of neutron flux is 55'; the initial steady-state value is

542. It can be seen that the thermal flux lags the neutron flux and that
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the peak value and steady-state value coincide at 542. At approximately

380 seconds, the steam generator tubes begin to uncover. This causes a

decrease in power to a new final eteady state value of 112.

Figures 14.7.6-2 and 14.7.6-3 show, respectively, the reactor coolant

system terperature and pressure responses. Steam relief through the

secondary system safety valves allows the reactor coolant system to

reach an initicl steady-state. As previously noted, the effect of

steax genarctor tube uncoverage can be seen at 380 seconds as an

additional Liscrease in temperature and pressure.

Figure 14.7.6-4 shows the DV.B ratio as a function of time during the

transient. It should be noted that the minimum DNB ratio reached during

the transient is much higher than 1.30. Thus, a startup accident without

a reactor trip will not result in core danaae.

Table 1

List of Protective Trip Functions

1, Source Range High Neutron Flux Reactor Trip

2. Intermediate Range High Neutron Flux Reactor Trip

3. Power Range High Neutron Flux Reactor Trip

a. Low Setting

b. High Setting

4. Pressurize: High Pressure Reactor Trip

5. Low Steam Generator Water Level Trip

Steam/Feedwater Flow .1smatch Trip

Q14.7-20 Supplement 12
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0 No. 7 - Station Blackout

The discussion of the Station Blackout as presented in WCAP-7306, section 5.12,

is applicable to the Indian Point 2 Station. Limiting core conditions for

this accident hwve already been submitted in section 14.1.12 of the Indian Point

2 ESAR.

0
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Ho. 8 - Startup of an Inactive Loop 4
The analysis already submitted in the Indian Point 2 PSAR, section 14.1.7,

indicat.- t.hwt Itze core is adequately protected aSalnst this accident wlth-

out a reactor trip.
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No. 9 Accidental Depressurization of the Reactor Coo)anr System

The =st severe core conditions that could result from a credible accidental

depressurization of the Reactor Coolant System occur if one postulates the

inadvertent opening of a pressurizer safety valve. Such an accident

would, of course, be terminated almost irmediately by the Reactor Protection

System. A ý.-nary of Reactor Trip signal- that would terminate the

accident is given in Table 1.

Since these trip signals are both redundant and diverse, the assumption

that the Reactor Protection System failed to trip the reactor is certainly

not a credible situation. Nevertheless, the nccidental dzpressurization of

the Reactor Coolant System war performed assuming that all reactor trip

signals generated by the Reactor Protection System are inactive. Additional

coservatism was introduced by the following assumptions:

1. The initial reactor power, coolant temperatures, and pressure

were at extreme values consistent with steady-state, full pover

operation, including err...rs for calibration and instrumentaton.

This resulted in the minimuu margin to DNB at the initiation of

the accident.

2. The modexatot coeffihient of reactivity was as.imcd to be a

function of moderator demnrity. Values typical of beginning of

litfe opcration were chosen in o.der to provide a conservatively

low amount of reactivity feedback due to chang in moderator

temperature.

3. The Doppler cuefficient of reactivity was assumed to be a function

of 1%;el t_=peraturc. Valves were chosen so that the resultant

amount of feedback waat conservatively high to retard any power

dreased due to the moderatot reactivity feedback.

Q14.7-23 Supplem-nt 12
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4. Automatic reactor control was assumed since this results in the

aximun power level and, thus, minimum DNBR throughout the 4
transient.

5. Reactor coolant pump cavitation is assumed to occur when the

pressurizer pressura decreases to 1050 psia. It is conservatively

represented by a flow coastdown, with a time constant of %5 see.,

at that time. This representation is conservative since its effect

Is to move the pump inlet temperature away from saturation, until

the pump speed decreases to zero, whereas the pump cavitation effect

uould maintain the pump at its NPSH limit which would result in a greater

pump flow rate.

Initially the accidental depressurizetion results in a rapidly decreasing

Reactor Coolant System pressure until the system pressure reaches a value

corresponding to the hot leg saturation pressure. At that time the pressure

decrease is slowed considerably. fhe pressure continues to decrease, however,

throughout the duration of the transient. The effect of the pressure

decrease would be to decrease the nuclear power via the moderator density

feedback but the Reactor Con'-cl System function-q to maintain power

cesentially constant throughout the initial portion of the transient. After

the contr.l rods are fully withdrawn the moderator density feedback causes

the power to decrease.

The accidental depressurization of the Reactor Coolant System was analyzed

by means of c detailed digital simulation of the plant. The results of

this simulation are shown in the attached figures. Figure 14.7.9-1 shows

the Reactor Coolant System Pressure response. Initially, the pressure

decreases at a rate of app,'oximately 10 psi per second. After saturation

in the hot leg occurs this decrease is slowed to approximately 3 psi

per second. Finally, as the nuclear power decrease slows the pressure
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decrease rate slvos until it settles out at 850 psio. Figures l16.7.9-2

and 14.7.9-3 show the T and nuclear power responses. Initially becauseavg

of the Reactor Control System very little change in T occurs, ?4nd theavg

nuclear power remains constant at approximately its initial value. At

110 seconds the control rods are fully withdrawn and the power and

temperature begin to decrease. At 280 seconds the pumps are assumeti

to cavitate further increasing the rate of powe- and temperature

decrease until steady state values of 35% power and 450*F are reached.

Figure 14.1.9-4 shows the pressurilzer water volume response. Note that

the pressurizer fills with water at approximately 180 seconds and rema:ns

full until a steam bubble is reformed at approximately 410 seconds. Fixture

14.7.9-5 shoi,-s the hot channel DNBR response. It shows that the hot chaanel

DNER never decreases below 1.08 throughout the transient. The DNBR for

the hot assembly (not shown on the figure) will behave in a similsi manner

and never decreases below 1,17.

It should be noted that the analysis assumed that the hot channel fact.ors

remAined constant at the dasi. n values during the accident while actually

the core feedback effects would result in considerable flattening of the

power distribution. This ef'ecc by itself wuld significantly increase the

minimu= DNB rat-to. However, even ignoring this effect, the limit of 1.0 in

the hot assembly is n t excer-ed ar any time during the accident. Therefore,

it is concluded that th• A-cideutal Depressurization of the Reactor Coolant

System vith failure to initiate reactor trip will not result in any gross

core &•.•ae.

Table I

List of Protective Trip Functions

1. Low Pressure Reactor Trip

2. Pressurizer High Level Reactor Trip
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ONE PUMP LOSS OF FLOW COASTDOWN
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ONE PUMP LOSS OF FLOW WITHOUT ANY ACTION
FROM EITHER REACTOR PROTECTION OR CONTROL

SYSTEM
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ONE PUMP LOSS OF FLOW WITHOUT ANY ACTION
FROM EITHER REACTOR PROTECTION OR CONTROL

SYSTEM
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ONE PUMP LOSS OF FLOW WITHOUT ANY ACTION
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ONE PUMP LOSS OF FLOW WITH AUTOMATIC ROD

CONTROL WITH! FAILURE TO TRIP REACTOR
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ONE PUMP LOSS OF FLOW WITH AUTOMATIC ROD
CONTROL, WITH FAILURE TO TRIP REACTOR
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0
QUESTION 14.8

Your analyses of the potential hy-4rogen evolution over the post loss-of-
coolant period neglects certain p .ential hydrogen sources such as the
clad-water reaction and the chemical reaction of materials subject to
corrosive attack in the post-accident environment. In addition, we
understand that more refined calculations regarding coolant energy
deposition would indicate that the predicted evolution of hydrogen by
coolant radiolysis, as shown in the FSAR, may be conservative. Please
update your FSAR analyses tc include all potential hydrogen sources and
to factor in the more refined calculations for coolant radiolysis.

ANSWER

Attached Figure Q14.8-1 shows the quantity of hydrogen generated in the con-

tainment during the first 100 days post accident by the following sources:

1. Zirconium - water reaction

2. Chemical reaction of materials subject to corrosive attack

3. Radiolytic decomposition of coolant in the core

4. Radiolytic .4ecomposition of coolant in the sump.

These results have been obtained on the following bases:

A. Zirconium - Water Reaction

1. 2% of the core cladding reacts immediately with core cooling

solutlon according to ihe reaction

Zr + H02-0 - ZrO2 + H2 + heat

2. 41,994 lbs. of zirconim cladding in the core.

Q 14.8-1 Supplement 6
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B. Corrosion of Materials of Construct 4 on

L. Corrosion of aluminum according to the reaction

2 A2 + 3H20 - Al 20 3 + 3H2

2. Corrosion rates vs. time post accident as shown on figure

Q 14.8-2.

3. Almainum available for reaction as follows:

Item Mass Area
lbs ft

A. Control rod drive mechanism

connectors 122 42

B. Reactor vessel insulation foil 269 10,000

C. Area monitors 6 4

D. Source, intermediate, and power

range detectors 140 40

E. Process instrumentation and

controls 420 84

F. Lighting fixtures and

equipment 1061 380

G. Paint on "team generator,

pressurizer, and reactor vessel 140 10,00G

H. Contigency 250 85

Supplement 6 1 14.8-2
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C. Core Radiolysis

1. 50% of the halogens, 100% of the noble gases and 99% of all other

fission products are retained in the core following the accident;

2. 0.44 molecules of hydrogen are generated per 100 ev of energy

absorbed by water ir. the core;

3. 7.4 percent of the core fission product gamma energy is absorbed by I

solution in the core (Calculations indicate that not more than 7.4%

of the fission product gamma deca) energy is absorbed in the core

coolant. This value was obtained by an integration, over the entire

core, of the volumetric deposition rate of fission product gamma

energy and the determination of the ratio of deposited energy in

the coolant to total deposited energy throughout the core. The

energy deposition calculations were carried out using a computer

program based on the point kernel attenuation model.);

4. Beta energy is absorbed by the fuel and cladding and does not

contribute to hydrogen generation in the core;

5. 50% of the total core fission product decay energy is gamma

radiation;

6. Plant operation for 830 days at 3216 megawatts thermal prior to

the accident.

D. Sump Radiolysis

1. 50% of the halogens, none of the noble gases and 1% of all other

fission products are released from the core to the sump during the

accident;

Q 14.8-3 Supplement 6
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2. 0.30 molecules of hydrogen are generated per 100 ev of energy absorbed 4
by the sump solution (the radiolysis yield of hydrogen in

sliution has been studied extensively by Westinghouse.

Results of static capsule tests illustrate that hydrogen yields

much lower than 0.44 molecules per 100 ev can be expected where

the gas to liquid volume ratio approaches zero as would be the case

in the core. The sump solution will have considerable depth, which

prevenus the ready diffusion of hydrogen from solution. This retcntion

of hydrogen in solution will have a significant effect to reduce

the hydrogen yields to the containment atmosphere. The build-up

of hydrogen concentration in solution will enhance the back-reaction

reformation of water to lower the net hydrogen yield; therefore,

a reduced hydrogen yield is a reasonable assumption to make for

the case of sump radiolysis. While it can be expected the yield

will be on the order or 0.1 or less, a conservative value of 0.30

molecules/100 ev has been used);

3. All beta and gamma energy emitted by fission products in the sump 4
solution are absorbed and contribute to hydrogen generation;

4. Plant operation for 830 days at 3216 megawatts thermal prior to

the accident.

The calculated volume percent of hydrogen in the containment is based on

a containment free volume of 2,610,000 cubic feet assumed to be at 120*F

ard one atmosphere pressure immediately before the accident.
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QUESTION 14.9

We understand "-hat Westinghouse has conducted dynamic loop testing in
order to simul&te and explore the influence that certain post-accident
parameters (e.g., core coolant flow, coolant temperature, radiation doses)
may have on coolant radiolysis. Provide a discussion of the results
from these tests in order that we may acquire a better understanding of
the degree of conservatism included in your analyses of the post-accident
hydrogen evolution.

ANSWER

Westinghouse has conducted an extensive program Into the evolution of

radiolytic hydrogen following the design basis accident. In order that

the results of this program would be directly applicable to the plant

situation, tests werp conducted in a system designed to duplicate as many

of the actual plant conditions as possible. Plant parameters, such as,

containment vessel volume, active core volume and core cooling fiow rates

were directly scaled down for the experiments. In addition, the system

contained the necesst 1y hardware to maintain and measure flow rates, as

well as permit temperature variation up to 190 0 F.

Tests conducted in ths dynamic loop system investigated the effect of

solution flow rate, absorbed dose, and solution temperature on radiolytic

hydrogen production. The solution flow rate and absorbed dose in the

test system are directly related, since the dose rate was constant and the

flow rate determined the --flux residence time. Test data showed that

the rate of hydrogen production, G(H12 ), is directly related to core cooling

solution flow rate (absorbed dose). As the solution flow was increased,

the time in-flux was decreased and the hydrogen production rate approached

the theoretical yield of 0.44 molecules/100 ev of energy absorbed.

It is clearly illustrated, therefore, that if a lower core radiolysis

G(H2 ) value is applicable, as would be the case with reduced c.re coolant

flow, the hydrogen buildup rate in containment would also decrease. Even

at extremely high flow rates, about double full core cooling flow, the

maximum hydrogen production rate observed was 0.44 molecules/100 ev.

0
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The effect of solution flow rate was investigated at several temperatures,

70 0 F, 1000F, 1400 F, and 190*F. At these temperatures, no effect on the

productic, rate was observed. That is, the maximum radiolytic hydrogen

production rate observed was 0.44 molecules/100 ev at the four temperatures

investigated.

The results of these tests are yet to be published; however, some insight

can be obtained from the preliminary ORNL results given in Nuclear Safety
1

Research and Development Program Bi-Monthly, May-June, 1969.

Until the above s, :dies are completed, Westinghouse has chosen to perform
its calculatiocns of hydrogen yield from core radiolysis with th- very
conservative value of 0.44 molecules/100 ev. That this value is conserva-

tive and a maximum for this type of aqueous solution and gamma radiation Ls
confirmed by mac:y published works. The unpublished Westinghouse results
f-.om th' "inamic studies show 0.44 to be a maximum at very high solution

flow ratps chrough the gamma radiation field. The referenced ORNL work also

confirms this value as a maximum ac high flow rates. A. 0. Allen2 presents

a very comprehensive review of work performed to confirm the primary hydrogen
yield to be a maximum of 0.44 - 0.45 molecules/100 ev.

1. O0IqL Nuclear Safety Research and Development Program Bi-Monthly
Report for May-June 1969.

2. Allen, A. 0., "The Radiation Chemistry of Water and Aqueous
Solutions".
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10
QUESTION 14.10

We understand that additional testing regarding the effectiveness of methyl
iodide absorption by impregnated charcoal filters in 100% humidity environment
has been completed. Provide a summary of the results of these tests.

ANSWER

Summary of Results of ORNL Tests is as follows:

1. Decontamination efficiencies for radioactive methyl iodide transported

in flowing steam air range from 98.6 to 88.9% at average relative

humidities ranging from 94.0 to 99.6%.

2. At calculated relative humidities slightly in excess of 100%, a portion

of the charcoal may be wetted, and cause lower decontamination

efficiency. This behavior was illustrated wherein deconLamination

efficiencies of 30.7 & 87.3% were obsessed at calculated relative

humidities of 101.5 and 100.2% respectively.

3. At 100% relative humidity, the decontamination efficiency for methyl

iodide was found to be "%88%.

The results of the ORNL Test series is given in ORNL TM 2728 dated

Oct. 2, 1969.
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QUESTION 14.11

Sta- i what primer and finishing coatings were used on the inner surfaces
of the containment. Provide technical data and/or references which
indicate the stability of the paint under loss-of-coolant accident
o-onditions.

ANSWER

Essentially all of the painted surfaces in containsment are coated with
Carbozinc 11 and/or 300 serieFL 7i nalines, which are products of the
Carboline Co. St. Louis Missouri. These coatings have been shown to be
resistant to the post loss of coolant accident environment in tests per-
formed at Westinghouse(1) and also at ORNL.

)WCAP 7198L "Evaluation of F. .tective Coatings for Use in Containment"
Westinghouse Proprietary, April 1968.

0
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QUESTION 14.12

S fProvide the results of your evaluation of the LOCA, using a multi-node
analytical model (such as the SATAN code) for a 27 lb. inch ID, double-
ended, cold-leg pipe rupture. In addition to providing informat'on on
clad temperatures and system pressures, also provide the cove and hot
channel flow rates in sufficient detail to fully characterize the therm-l
and hydraulic performance during blowdown. The~e details should include:

(a) core pressure drop, quality, mass velocity;

(b) hot channLl pressure drop, quality, mass velocity;

Wc) heat flux distribution in hot channel;

(d) flow rates in upper and lower plenums;

(e) flow-rate in broken and intact cold-leg and hot-leg piping; and

(f) flow rate out the break.

Identify the heat transfer correlations used for the various
phases of the blowdown and refill period and relate these
correlations to the most recent experimental data available.

ANSWERS

(a) Figures 14.12-1, 14.12-2, and 14.12-3 present the core pressure drop,

& (b) quality, and mwss velocity as calculated by the SATAN Code.

(c) *Figures 14.1.2-4 through 14.12-7 show the heat flux distribution in the

hot channel for the double ended cold leg break loss of coolant accident

for the Indian Point No. 2 plant. These heat fluxes were obtained from

the LOCTA-R2 computer code calculations of the LOCA analysis presented

in the Core Cooling Analysis Supplement 12, page 14B-11.

(c", Figure 14.14-8 presents a sketch of the SATAN model used to analyze

te) the 0.5 ft2 break. A 70 control volume simulation was used for the

& (f) analysis. Noted on the figure, are the control volumes that provide

the most useful information for interpreting the transient. These are

(control volume numbers in parenthesis):

14.12-1 Supplement 13
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(d)t (e) 1. Core Region Flow

& (f) a. Inlet (10)

cont'd b. Midplane (1)

c. Exit (2)

2. Upper Plenum Flow

a. Into upper plenum (3)

b. Out of upper plen'im unbroken loops (40)

c. Out of upper plenum broken loop (12)

3. Reactor Vessel Inlet Flow

a. Flow broken loop (39)

b. Flow unbroken loop (67)

c. Downcomer region (5, 8)

4. Break Area

a. Break Flow (37) (38)

b. Upp'.--em of break (36)

c. Downstream of break (38)

Identify the heat transfer correlations used for the
various phases of the 6lowdown and refill period an,
relate these correlations to the most recent experimeni.•'
data available.

As _!Mcussel in Supplement 12 to the FSAR, parametric analysis were performed

through s. series of iterations was run between SATAN AND LOCTA until the

t%,tal heat transferred from the coolant as a function of time were essential]"

identical ia both cases. This was done to properly treat the feedback

effect from core heat transfer on blowdown. Figures 14.12-9 and 14.12-10

present the heat transfer coefficient and heat flow rate fcr the two codes.

Ibis analysis was performed at the maximum calculated thermal rating (3216 MWt).

Heart Trans f,.r Correlations

Table 14.12-2 shows the heat transfer correlations used in the core cooling

analysis to calculate the clad temperature transient during a LOCA and

Q 14.12-2 Supplement 13
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specifies their application durirg the accident. The design basis analysis

presented in Supplement #12, Page 14B-11, for the double-ended cold leg

break utiliz-' thu. transition to stable film boiling correlation from the

onset of DNB (assumed at 0.5 seconds) uz.cil the uncovery or steam cooling

period vas reached at 7.4 seconds. A quality of 1.0 is not reached until

this time because of the low reactor power rating (2758 HUt). The radia-

tion and convection to steam heat transfer correlations were used until

the end of blowdown which occurred at approximately 17 seconds. After

this time no heat is transferred from the surface of the fuel rod cladding

until 26 seconds when the recovery phase or the entrainment process is

initiated by the flooding of the core with the accurmlator water. The values

' the heat transfer ocefficierts predicted by these correlations are conserva-

.:. ie as indicated by the following experimental data.

a. 7ransition Boiling and Film Boiling

Mhe comparisGn of this correlation with experimental dsta was

presented in WCAP-9005 (Westingouse Proprietary Report). Figure

5 shows a plot of the heat transfer coefficients predicted by

this corralatin versus the experimental data. It Is rt.dily

apparent that the correlation is conservative with respect to

the results of this t, . since the measured value is greater

than predicted foc 98Z of the data. Furthermore, it should be

noted that the 4egree of conscrvatism contained in tne correla-

nton increases with Increasing values of the heat transfer

coefficient.

b. Steam Cooling

The correlations used to calculate the heat transfer coefficient

during the steam cooling period were verified by the work spon-

sored by Westinghouse at the University of Hichi-an. This was

part of the Flashing Heat TransCer Program. The results of this

phase of the program have been documented in WCAP-7396-L

(WestInghouse Proprietary Report). The primary objective of

this tes. was to determine the behavior of radiation heat transfer

to steam at elevated pressures (up to 5 atm.).

Q14.12-3 Supplement 15Q la.12-38/70



The results of the h'at transfer test yield the follou'ng

conclusions:

I. The McEligot et al. correlation realistically predicts the

cxv vective heat transfer coefficients in turbulent flow.

2. In turbulent flow the radiant heat transfer contribution tc the

total heat transfer '-sefficient is adequacely predicted by

Hottel's technique.

3. The total heat transfer coefficient to steam in turbulent

flow may be calculated by adding the - onvective term

determined by McEligot's correlation and radiative term

determined by Hottel's technique.

A comparison of predicted versus measured total turbulent

hea transfer coefficient is shown in Figure 6 and excellent

agreement can be seen.

4. In laminar flow the total heat trarsfer coefficient is con-

serva.ively predicted by using the correlation of Hausen

and Kays for the convective contribution and the method of

Hottel for the radiant contribution.

5. The prediction of laminar heat transfer coefficient can be

improved by evaluating the stecm properties at film conditions

instead of bulk conditious.

6. The effect of a non-uniform heat flux on the heat transfer

coefficient is negligible for the conditions which exist

luring a loss-of-coolant accident.

c. Bottom Flooding Heat Transfer

In a LOC thermal analysis, during reflooding the core is asalmed

to be cooled by a two-phase mixture which is present due to tho

0 14.12-4 Supplement 13
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0 entrainment leaving the flooded region of the core. This

assuuption was verified by high speed movies of the FLECHT

3WCAP-7435) test bundles that show that water is entrained

by the stean generated in the lower portion of the core and i.

carried along the channels. In addition, the conservatism

of the correlations used to evaluate clad temperature, turn-

around tire, and heat transfer coefficiens. is LndLcated by the

fact that the clad temperature rise after reflooeir.g as

predicted by the Westinghouse design model, is highe- than that

me-sured in the FLECHT test.

9
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TABLE 14.12-1

ItNDIMi POINT UNIT NO. 2
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TABLE 14.12-2

HEAT TRANSFEA CORRELATIONS USED FOR THE
VARIOUS PHASES OF BLOWDCdN AND REFILL

Tine of Application
During Accident

Tiw_ nf break
till DNB

From DNB till time
of uncovery or steam
cooling period

During uncovery or
steam cooling
period

Process Correlation References

Nucleate boiling

Transition to film
boiling

Laminar forced
convection to
steam

Turbulent forced
convection to
steam

ATsAT.I.9e'-P/900 q,1/4

Proprietary

.0
'-a

I-i
~4

(h*) -3.66

h/h Tb 0.25
w

-hD 020(R)0 8 4.,5
Yk OO(eb (rb T

Jens, W. H. and e. A. Lottes,
USAEC Report, AWL-4627 (1951)

WCAP-9005
(Westinghouse Procrietary
Report)

H. Hausen VDI ZEIT
No. 4 (1943)
W. H. Kays TRANS ASHE,
Vol. 77, (1955)

D. M. McEligot, et al.
JOURNAL OF HEAT TRANSFER,
Vol. 87, (1965)

JOURNAL OF HEAT TRANSFER
Vol. 88, (1966)

H. C. Hottel, HEAT TRANS-
MISSION by McAdams, (1954)

Proc. Inst. Mech. Engrs.
Vol. 144, (1940-41)

Mitsuishi, N., S. Sakata,
Y. Yamamoto, and Y. Oyama,
STUDIES ON LIQUID ENTRAIN-
MENT, AEC-tv-4225, (1951)

Dougall, R. S. and W. H.
Pohsenow, HIT REPORT 9079-26,
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0
QUESTION 14.13

In the same manner, provide the results of your evaluation of a 29 iich

ID, double-ended, hot leg pipe .'upture.

ANSWER

The double ended hot leg break was analyzed with the multi-note SATAN

analysis at a core power of 3216 MWt and the resulting peak clad tempera-

t.-- was less than 1500*F.

Figure 14.13-1 presencs the SATAN model and the analysis while Table

14.13-1 presents the pertinent SATAN results.
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TABLE 14.13-1
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qUESTION 14.14

0 Provide evaluations, using your latest analytical techniques to determine:

(a) the limiting loss-of-coolant break size for the rupture of (i)
a ccld-leg pipe, and (ii) a hot-leg pipe, for which assured core
cooling is predicted.

ANSWER

As discussed in Supplement 12 to the Indian Point Unit No. - FSAR and the

ansswrs to questions 14.12, 14.13, and 14.15 of this supplement, the

multinode analysis tn describe the blowdown process and the conservative

core thermal analysis are sufficient to assure adequate core cooling for

all break sizes up to and including the double ended rupture of the Reactor

Coolant Piping. It has been suggested by the AEC staff that the flow

reversals and lcw pressure drops through the core which occur early in the

large cold leg break transient introduce uncertainties (Question 14 15).

Although with the current multinode analysis, these uncertainties are

treated ronservatively, an analysis has been performed showing a break

size where these flow reversals dc not exist early in the transient.

The case analyzed was a 0.5 ft2 cold leg break. (Analyzed at 3216 M)t

and 18.8 Kw/ft) Figure 14.14-1 presents the core flow, pressure, quality

and heat transfee coefficients for the case, while Figure 14.14-2 presents

the peak clad temperature for this case. In this case, the Reactor Coolant

pumps were tripped at reactor trip. It is appropriate to provide a general

description of this transient followed by a quantitative Justification for

the core flows.

Early in the transient, core flows are high because the Reactor Coolant

pumps (coasting down after trip) in the three unbroken loops dominate the

effect of the break flow in the broken loop. At 5.2 seconds a peak clad

temperature of 1480*F is reached, because the core was assumed to go

through DXB at 0.5 secs. Reactor Trip is completed at 2.9 secs and the

core powers rapidly decrease. The high flow through the core continues

0 to cool the core until the fuel clad approaches the coolant temperature

Supplement 13
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at about 20 seconds. Thd combined action of pump coastdown and fluid

inertia provides positive flow through the core until the i.iiuence of

the cold leg break flow begin to dominate (65 seconds). The'e is a near

stagnation region until about 100 seconds until tU. 'Lreak flow causes a

steady reverse flow through the core which gradually 1 .reases until the

clad temperature rise is terminated at 118 seconds. After blowdown is

completed, the clad temperature again begins to rise Lntil the accumulators

reflood the core at 145 seconds. At no time did the clad temperature

exceed the first peak of i4800 F.

It is appropriate to point out that in the following parts of the transient

even a conaiderable reduction in heat transfer coefficient would not leak

to unaccentable peak clad temperatures. During the period, the Reactor

Coolant ptuap coast dominates the transient (0-65 second), the fuel and

clad are reduced to near coolant temperatures before 20 seconds, therefore

heat transfier coefficients much lower than those used in the analysis could

be used and the clad temperature would be at the coolant temperature before

the flow stagnation occurs. During tte stagnation period, and until the

break causes reverse flow throueh the core heat transfer coefficient of

zero could have been used and the peak clad temperatures would not have

reached an unacceptable value. It remains then to show the core flow

predicted are Justified.

Figure 14.'4-3 presents a sketch of the SATAN model used to analyze the

0.5 ft2 break. A 70 control volume simulation was uged for the analysis.

Noted on the figure, are tb-. control volumes that provide the most useful

information for interpreting the transient. These are (control volume

numbers in parenthesis):

1. Core Region Flow

a. Inlet (10)

b. Midplane (!)

c. Exit (2)

Supplement 13
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2. Upper Plenum Flow

a, into upper plenum (3)

b. Out of upper pleuum unbroken loops (40)

c. Out of upper plenum broken loop (12)

3. Reactor Vessel Inlet Flow

a. Flow broken loop (39)
b. Flow unbroken loop (67)

c. Downcomer region (5, 8)

4. Break Area

a. Break Flow (37)

b. Upstream of break (36)

c. Downstream of br'-k (37)

The arrows on the figure depict the normn! flow direction for each control
volume. Table 14.14-1 presents the flows in each ccotrol volume as a
funcrion of time after the accident. Entries with a minus sign indicate
the flow is reversed from its normal direction.

At the time of the accident the system is in its normal condition with
37,311 lbs/sec flowing through the core equally disLriLutc_ through the
four loops. For the unbroken loops, the flows listed are the total flows
for the three loops. One s.,cond after the break, the flow through the
break is 12,740.9 lbs/secs, wh.'ch is supplied by 9781.5 lbs/sec irk the
normal flow direction and 2952 lbL.'sec which has roversed in the broken
loop. The flow from ti.e unbroken lo,. os exceeds the der.mand for break
flow and an undisturbed flow through th,. core is maintained. This trend
continues well into the transient. The ab.1ity of the three unbroken
loop Reactor Coolant pumps to overpower the a, .•and for break flow in the
broken loop continues during the time the RC puni,', are coasting down to
a very flow flow at about 65 seconds. From this pc,-r onward, the break
begins to dominate and after 100 seconds a steady rev .. 4e flow through the
core is developed. This continues until the end of blow'Q"ý.
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The 0.5 ft2 cold leg break is the minimum break size for which th!.s well

behaved response is expected. For hit lel, breaks, an even better response

1.s expected becauLe there is no tendency to reverse the flow in this

accident and all four accumulators a- available Zor deJivery. The

largest connecting pipe to the cold leg is 0.39V tt , and the largest

connecting pipe to the hot leg is 0.682 ft 2 . ".t is therefore concluded

that the analysis for the break of the largest connecting pipe to the

Reactor Coolant System is not subject to the uncertainties as the large

area cold leg breaks.

I
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QUESTIOu 14.14

Provide evaluations, using your Jateit analytical techniques to determine:

(b) the UnLting reduced pawer level for which assured core coolinS
is predicted, for the double-ended rupture of (I) a cold-leg
pipe, and (iH) a hot-leg pipe.

XNSWER

Core cooling can be assured for all brek lncati'As up to and Including

the double-ended breaks for poiers up to and the caxi-,,', calculated thermal

power of the reactor (32' :.*t). This conclusion is supported by:

1. The -ultinode analysis prevented in Supplement L2 of the IPP TSAR

for a rating of 3216 $.'t demonstrated vich a conservative combination

of assu=pttons that the peak clad te..-per.xtures are liitted to 2457"F

which is below the peak clad limits established by the Westinghouse

Rod Burst program.

2. With this same analysis but taking credit for the expected accumulator
perforrnce (pg. 14 B-1O of St.pple-.ent 12) the peak clad te=perature

is below 2300"F.

3. The taximun clad terperature calculated (2015"F) at 102Z of the appli-

cation rating of 2758 ;-!•t (18.8 Kw/ft) is vel' belov the Westinghouse

2700*F zaxitmun tem-perature criterion ana the local hot spot o-tal
water reaction (0.6Z) is vel1 below the 1601 retal-water reaction

criterion Indicating considerable nargin for flow blockage effects
and talculational uncertaintlen.

Supplement 13
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0 QUESTION I1414

Provide wwAuttions, using your latest analytical techniques to
determine:

(c) Estinates of the volu s of core associated with local areas
potential flog• Instability.

ANSWJER

During the blovdo-n. transient, the effect of lower heat flux, no
inlet subcooling, and the increased resistance at the inlet due
to two phase flov would all tend to decrease the likelihood of
instability in a lMsa core compared to the exi.sting conditions during
steady state operation.

Since fluid conditions are changing very rapidly with tim, it is
felt that the persistence of flow instability for any significant
time period, is highly unlikely. U'nder steady state conditir the
reactor can have an 8OZ increase in the hot channel power ' !
instability Lis calculated to occur. Therefore, we belie-re E: ire are
no volumes of the core having flow Instability problerm.

CS~
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Question 14.15

0Provide a sugary discussion regarding your acceptance criteria for
the ECCS functional performance. Your discussions should include:

(a) identification of any supporting infornation which has become
available as a result of the Ccuission-sponsored emergency
core cooling test progrms.

Answer

ECCS r-UMNCI(AL PERF WMLIM

To asture effective cooling of the core, the ECCS should perform in

such a way to limit the clad .emperature to below the melting temparature

of the Zircaloy-& and below the temperature at which core geometry distortion

including clad fragmentation m~y occur. In addition the total core
metal-water reaction is limited to less than 12 of the available zircaloy.

As specified in Supplement 12, to determine tte limits on peak clad

temperature and local metal vater reactor above which effective cooling

of the core may not be assumed, Westinghouse peforied the Simple Rod

Burst Pro•m•(r). The results of this test established that or

conditions within the area of saf'. operation as shourn in Figure 8 fuel

rod integrity is maintained. Additional experimental data could further

increase this are of safe operation.

Furthermore, Westinghouse performed the Hulti-Rod-Burst Test progzam(2)

to determine the geocetry distortion caused 33y bursting and swelling

of the fuel rods djring a LOCA and the corresponding effect on the clad

temperature transient. The test results indicated that the fuel rods

burst in a staggered manner so that ti Z naxzium average assembly vise

flow area blockage does not exceed 50%. The effect of the geometry

distortion vas calculated to increase the peak clad temperature d-zring
a LOCA less than 100*F. It follows that peak c.ad temperatures determined

an the basis of no geometry distortion should be lniited to 100*F below

the li=its presented in Figure 8.

Q IA,15(a)-l Supplement 13
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The ability of the ECCS system to terminate the fuel rod temperature transient

folloving a LOCA in a PWR core vith and without blockage was established by the

nLECHT test. The test results conftrmed the conservatism of the Westinghouse

loss of coolant accident analyses and yielded the following major conclusions.

a. Vie heat transfer coefficient increases tith incrersing initial clad

temperature.

b. The heat transter coefficier. increases with increasing flooding rate.

c. The presence of the flow blockage plate -:auses a significant increase

in the heat transfer coefficients at locations inediately dovnstrez

of the plate. uhereas the plate did not affect heat transfer at

the other locations in the bundle.

Q 14.15(a)-2 Supplment 13
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question 14.15

0Provide a summary discussion regarding your acceptance criteria for the
ECCS functional performance. Your discussions should include:

(b) an acseasment of the adequacy of your analytical techniques, including
the SATAN code, to accurately predict core behavior during the lose
of coolant accident. A discussion should be presented on each
area of uncertainity, with an estimate of tue probability for
more or lev adverse coasequence4 than those prt.dicted.

Answer

Supplement 12 to the Indlan Point Lnit No. 2 FSAR presen;ed a pareetric

survey that was porformed to determine the most conservative coubination
of asstmptions .ced in the SATAN Code. The use of the multi control volume
SATAN analysis provided a un 4que opportunity to perform detailed parametric

sur--eys of the importart phenomena a,'fecting the blowdovn process.

In the SATAN analysis the control volume& were selected so that the synten
was divided into broken and unbroken loops to provide a better description

of the blowdon.a flow distribution through thk systems. In addition, the

two control vol•mes used to describe the core .:egion now provides a better
description of the intaraction between core heat transfer and bloudown.
These capsbilitiei were not available in the FLAS%' model previously used.

The -,arnmetriz analyses were:

1. Heat transfer frco the core to coolant during biowdown.

2. Reactor Coolant Pump Characteristics

3. Stem Generator Heat Transfer

4. Loop Resistance and "reak Location

5. Accumulator Performance

These studies were run in series, and each ;ar.•ieter v.a varied sufficiently

in each di ection to establish the most conservative combin.2lon of assumptions.

This was .ntended to provide a conservative limit nf credit for blovdohn

Supplement 13



heat transfer. The hydraulic paraeters calculated by rbe SATAN Code

are then input to the LOCTA Code which conservatively calculatad the rod

heat transfer coefficient as discussed in the answer to question 14.12.

On -,,-gs 148-4 to 145-6 of Supplement 12, a diacwsslon of additional

conservatism in the core cooling analysis is provided.

IP is therefore concluded that because:

1. A parametric survey was performed to establish the host conservative

application of the SATAN Code,

2 The MATAN results were applied conservatively in tNo LOC=A analysis

where conservative heat transfer coefficienta are calculated,

3. With nore detailed co-e wodecs to take credit for coolant aotion

and heat transfer due to non-uniform flux distributions greater

bloWdown heat transfer is expected,

4. The ualculation was based .in the design power distribution. (18.8IM/ft)

rather than the more reasonable peak level of 12 Kw ft. and since

5. Th. peak clad temperature for the aprlication rating is 2020*f

the functional performance of the ECCS weets its acceptance criteria with

substantial margin, and less adverse consequences than those predicted are

expected.

Q 14.15(b)-2

I ______________________________________ __________________________________________________
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9M0II 14.16

Mmed on eklculationm supplied In response to quertion 14.2 (Suppleoent
No. 8) the radiation uoses that %would be Teowved by parsonnel iV the
plant control roos following a design basIs lons-of-coolant accident
do not meet the criterion currently required for approvAl of cwastruction
pemit applications. This criterion requires that txoaures be Limited
to 5 Rem whole body, or Its equivalent, to any part of the body for the
duration of the accident. Although we vay not require absolute conformance
to the dose criterion that we now apply to Lonsttimtion permit revifets,
*one modification of the desl•p of the control Tom would be desirable so
as to increase the assurance that the health and safety of the operating
staff, and thus their efficiency and effeciveness In the event of an
accident, would be protected in an acceptable manner. Accordingly,
st~arize those design modifications tst could be mde to reduce the
radiation doase to approach those apecified above uaing a spr&y inor3anic
removal coefficient of 4.5 hr-1 and a charcoal organic removal efficiency
that is jutiftied by present per4%i!'•t&al data.

Steps h&ve been taken to reduce the in-leakage to the Coqtrol Rom area

(combined tkit I and 2). ttowever, because of the structual design of

the Control Bulldlza., it is not possible to be guaranteed lees than a

total of 50C cfa leakage into the coulnod Control Room volume of

103,400 cubic foet. To further reduce the in-leskage vould require

complete redesign and rebuildial both Unit 1 anmd Unit 2 Control Buildings.

The Control Room ventilation and air cond"tioning system Is eqtupped with

a 1800 cfa recircu.atIon system including treated charcoal filter teds.

The charcoal filter and recirculation systems are as large as can

physically be aecomodated by the existing structures without major

=odification. Boveer. additional charcoal filters vould not significantly

reduce the thyroid dose to the operators as the conInuous assumau

in-54eakase accounts for most of this calculated dose.

Veld cbannel and penetration •ressurizacion and seal water aystems have

been provided to omsnate or drtstically reduce 4ny leakage through

the containment vessel after an accident.

Q 14.16-1 Sutpl emnt jL3S170
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The weld chan.al and penetration presuriatiotion syst, described in
Seutito 6.6, provides part of a leaktighL barrier to leakage rrom the
conftinseit by itntatning air pressure above the contatment =mbient

toppersture. The leakage ceiteria (ptrctfiei& for cont4itn.ot leVk rate

acceptance testing) of O.IZ of the containsebt ats~sphero per day at

the design btas accident condition is datetmined without this system
in operatiae. rurtbermore, to cowplete the leAktight barrier, piping

penetrations are iaolatote from the out*ide atmosphere by the seal wator

syatm described in Section 6.5 of the FSAR. Vith these tvo systea
In operation, leakage during the courow of the pressure transient vill,

be redu:ed significantly b.lov the asu•med 0,1% per day used in the

design !azta accident.

The well chnmal and penctrittion pressurization aystem is continuously

pressurtzed during op.PTAtfon and makeup requirturnts are monitored to

determi-io the eftecttivneas of the boundary Intrgrity. Thi seal water

systen is periodically tested during operation to assure operability

and tntgritty of the oyatefs. Since thee aystma are not o fected by
lose of -1fsito powr, the systems are essured to be availabla, during

the unlitely event of a design basis accident.

The e:.p-.ure situation in the control rocm affects only a few operators,
therefo-a protective clothing and fu^l face respirators can and virl be
providel and will be readily Available to the operators of both Unit 2
are Unto 1.

Exposurt, calcuxtions ror control rom personnel wore made using the
follo•il.;, assm~pt ions:

A. Contairamt

Sof core/Cap halogen inventory roeaesed (see diac~tiston)

100% of' careigap noble gas actly~tt relvfned

1 *4.1(DT 9 10)
0% O •clintal

701 tsthyl

Q 14.16-2 SupplIrsnt 1I
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ýý0 Mlow Lite 24000 ML.
XAk Ut. - 0.1% per day (0-24 H•)

- 0.045Z per day (24-720 !M)
rrb Volume w 2.6 m l1o6 -P3

B. Control Room

In-bak-ge Rate - 500 Cn
ftee Vol.xe - I0300 Ft3

vPLo Rate throvgh filters - 1800 CM1

vfilter ' 95Z elecwntai

- 90% w•ehyl

C. x/Q
0-2 Hours

2-24 fours

24-720 Hours

D. Breathing Rates

0-8 Hours

8-24 Hours

24-720 Hours

2.3 x 10-3 VOCM31.15 x 10-3 Vocl=3

5.5 x 10" *cce/ 3

3.47 x 1 0 -4 a3/sec

1.75 z 107 4=3 /sec
2,31 x 10-4 q3/sec

£. ~rv -Bet& Energies
As per Table of Isotopes - 1968

1. 7inite Cloud

1. Atmosphere

At d - 30 saters, oy a 30 meter3

2. Control Roac

ay - 17 seters

3. Reductim rectors per isotope fro= M~eteorology and Atomic

Energy - 196R - pg 347

0. Shield•nS by Control Rom•

9 Rays 1)00 Shielding

y RayS 01 ShIeldina
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Three separate dose analyzer for the control zoom have been made. These

anAlyses include the conaldcration of 502 of the fuel-Liad gap Inventory

released to the containment. Using the most conservative X a of 4.5 HR71

the total thyroid done in 30 days Is 11.1 Res a&M the total ubole body

dose durirng this same per!,od would be 1.8 Rea. Con.sidtring a 251 of the

halcgen ivent.ry In the core available for release with a X of 4.5 HR-I.
a valua considered inappropriately low for this parameter (MA? 7499-0)

and asemin -that theme removal processes are only effective &ntil a

decontaninaticn factor of 10q is attained, the thyroid dope in 30 days is

319 Rem an, the total vhole body dose is 52.5. The (1OCFRIOO site boundary

Lhy-otd) dose of 300 Re= is not exceeded unttl nearly 30 days giviug

su•ifcient tije Eor the safety eystms diszu.4sed previously to come into

play, the use of atrpaeks or the replaceuents of operators. TMi seal

water syete is deaigned to terminatc all Leakage of radioacuivity from

the cantaiment within one minute. The r*sult of having this system

operational in one minute woald limtt the contrcl room dose based on the

252 release codel (4,5 X S) to 5.6 Rm tn the thyroid and a total whole

body expoaure of 0.4 Rem. 39 ERem of the whole be&o dose is contributed

by beta rndixation anr tay be teadily ihleldi-d by protective clothing,

lewrvlu a daes of 13.5 Rem for the case where the seal water s7stcn is

not assusel oaper~iona1.
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nrEST1•On 14.17

Document the type, naDufacturer, and the flow characteristics of the
chemical additive spray system nozzles used for post LOCA iodine removal.

t-tdWER

Refer to page 6.3-10 of Section 6 of tt~e FSAP as revlistd by Supplement 12.

Q 14.17-1 Supplcent 13
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0
QUESION 14..18

Provide the design details of the charcoal adsorber system with respect
to the type, weighbt, :- distribution of charcoal in the filter units, and
the arrangement of the ii..ter units in each plen=.

R-h •rSER

Refer to papa 6.4-,.! of Section 6 or the MRA as revised bý Supplement 12.

Q 14. 18-1 Supplement 13
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0 QUESTION 14.19

With reference to the equ.pment to be installed in the containment vessel
to handle post-accident radiolytic hydrogen, please provide the following
information:

Za) Discuss wre fully the suction arrangement of the air supply blower
for the recombiner units and the connection with thq ring dis-
tribution header from the recirculation cooling and filtration
system. Provide a sketch of the arrangement, which includes
indications of the local air circulation patterns to the recombiner
suction point and tbe specific locations of the sampling lines.

ANSWER

Rafer t,,, the response t Question 6.8(a) oi Volume 5 to the F-AR, page

Q6.8(a)-2, is revised by Supplement 12. See also Figures Q1 4 .19-1 and

Q6.4-1 of Section 6 of the FSAR.

Supplement l?
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Q'JESTION 14.19

With reference to the equl.pmenr to be Insta1.ed in the containment vessel
to handle post-accident radiolytic hydiogen, please provide the following
information:

(b) Discuss the location selected for introducing oxygen makeup
into the containment and the mea-as wher2by mixing of the
rxygen is assured.

ANSWER

Refer to the response Lo Questior, 6.8(a) of Volume 5 tco the FSAR, pages

Q6.8(a)-l, 2, 3 and 4, as revised by Supplement 12.

0

0
Svpplement 13
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0 QUZATION 14.19

With refere,-ve to the equipment to be installed in the containment vessel
to handle post-accident radiolytic hydrogen, please providu the following
information:

(c) Higher than ambient hydrogen concentrations (arising from unmixed
gases evolved within the containment or from leakage of recombiner
fuel lines) might exist near a recombiner unit prior to its startup.
It is not clear from our review of the information submitted to-date
that such local conditions could be detected prior to a recombiner
startup or is precluded by the unit design. Our concern relateo to
potential flame propagation upon recombiner startup and to local
and unit damage that might result from such propagation. It appears
that the ability to sample locally, prior to retombiner startup
and perhaps periodicttlly during its operatian, could be of advantage
to "zhe safe operation of the recomoiner unit. rroride a discussion
of this matter and state the design provisions, such as local air
circulation rates, and sampling capability that currently exist in
your design to preclude or to detect higher than ambient hydrogen
concentrations in the regions near the recombiner units.

ANSWER

Refer to the responscs to Questions 6.8(a) and 6.8b(l) of Volume 5 to
the FSAR, page; Q6.8(a)-l and 2 and 6.8b(l)-3, as revised by Supplement 12.
Also see Figure QlA.119(L -1 of Supplement 13 to the FSAR.

0

Q14.19(c)-i
Supplement 13
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QUESTION 14.19

With reference to the equipment to be installed in the containment vessel
to handle post-accident radiolytic hydrogen, please provide the following
in•ormation:

(d) We understand that in contrast to your response to Question 6.8b(l)
Tegarding the design of the post-accident containment sampling
system, your plan is to employ a vacuum pump arrangement to provide
sufficient flow in the sampling lines. Describe the sampling system
design that will be installed. Support jour det cription with
suitable drawings.

ANSWER

Refer to the response to Question 6.8b(!) of Volume 5 !-o the FSAR, page
Q6.8b(l)-1 and Figur= 6.8(b)1-1, as revised by Supplement 12.

Supplement 13
Q14.19((d)-1 8/70
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QUESTION 14.19

S With reference to the equipment to be installed in the containment vessel
to handle post-accident radiolytic hydrogen, please provide the following
information:

(2) Your response to Question 6.8b(4) and (5) is not clear with
respect to the post-installation testing and test frequency,
and with respect to the processing setpo.nts you intend to
establish for the recombiner units. Provide more specific
information on the combustor and the diluent air flow settings
and on the oxygen depletion range within which you would expect
to operate.

ANSWER

Refer to the responees to Questions 6.8(a) and 6.8(b)4&5 of Volume 5

to the FSAR, pabes Q6.8(a)-l, 3, 4, 5 and 6 and page Q6.8(b)4&5-i tU 6,
as revised by Supplement 12.

0

Q14.19(e)0-
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QUESTION 14.19

With reference to the equipment to be installed in the containment vessel
to handle post-eccident radiolytic hydrogen, please provide the follck•ng
information:

(f) We note that in order to permit "throttle-back" operation of the
recombiner unit, bypasses will need to be used or certain 4.1justments
in the protective devices for the flame failure system may need
to be performed at the exteru, cnntrol station. Describe the
actions that will be required V iermit "throttle-back" operation
including the types of bypass or adjustment actions that will need
to be taken. State whether these operations will be simulated
in th.e periodic testing programs.

ANSWER

Refer to the response to Question 6.8(a) of Volume 5 to the FSAR, page
6.8(a)-4, as revised by Supplement 12.

Q14.19(f)-l
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QUESTION 14.20

Provide a discussion of the potential for, and consequences of, missiles
generated by failure of any of the main turbine-generator units planned
to be operated at the site.

ANSWER

Refer to Appendix 14A. of Section 14 of the FSAR as provided in Suppiement 12.

Q 14.20-1 Supplement 13



P1ROJECT REORGANIZATION - DECEMBER 1969

This Section describes a reorganization in project management which is

presently being implemented by Westinghouse. Reference Qi made to pages

135-1, j.1.2-13, 5.1.2-14, and 5.1.2-13 and to Appendix B of the Final

Safety &-alysis Report for the information affected by this reorganization.

Westinghouse has formed a wholly owned subsidiarv corporation, called

WEDCO Corporation (WEDCO), to , rform certain functions at the Indian

Point site of Consolidated Edison. Westinghouse remains the prime

contractor and will continue to exercise overall control end to have full

responsibility for the Indian Point No. 2 project. WEDCO will perform,

under WNstinghouse, project management, engineering, quality assu:ance,

construction and procurement fuactions for Indian Point No. 2, As more

fully described herein, these functions were previously carried out by

Westinghouse or United Engineers & Constructors (UE&C).

The entire Westinghouse senior management organization which, prior to the

advent of WEDCO, was responsible for the Westinghouse effort at Indian

Point No. 2, remains responsible. All other personnel within Westinghouse

senior management who, prior to WEDCO, carried any responsiblity in any

area for Indian Point Unit No. 2 continue to carry those responsibilitie-.,

regardless of the formation of WEDCO or changes in title or designation.

Furthermore, WEDCO has behind it the full organization and strength of the

Westinghouse Electric Corp, and Westinghouse engineering legal and other

personnel continue to be available for the project.

The functional relationships among Consolidated Edison, Westinghouse, WE)CO,

and UE&C are shown in Figure 1. The organization chart for WEDCO L: shown

in Vigure 2, which depicti the combined Westinghouse/WEDCO organizational

relationships.

8110270239 681015
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Westinghouse WEDCO-United Engineers Relatior ihip

Westinghouse retaiaed UE&C as its architect-engineer-constructor to perform

certain work and services in connection with the plant. Initially,

UE&C performed services within its scope in the following areas:

(a) Design and Engineering

(b) Procurement

(c) Construction Management and Construction

(d) Quality Assi-'ance (including Home Office

Quality Control Engineering, Vendor

Surveillance and On-Site Quality Contrul)

Westinghouse has removed items (b) and (,:) from the scope of work to be

performed by UE&C and has assigned these functions to WEDCO. In these

areas, however, UE&C is providing qualified personnel to assist in

effectuating the transition of work to Westinghouse and WEDCO.

UE&C continues to have responsibility for all of the design and engineering

functions and all of the quality assurance functions, including home office

quality .ontrol engineering, vendor surveillance and on-site quality control,

for which It had responsibility prior to the advent of WEDCO. UE&C continues

to have direct corporate responsibility to Westinghouse for all of the work

within its present scope.

In its current organizational structure, WEDCO exercises a high level quality

and engineering reliability function. This function includes the activities

previously performed by the Nuclear Power Service Staff Resident Quality

Assurance Engineer, and in addition incrludes the centralization and overall

management for quality assurance activities previously performed by various

organizations. This function will be carried out by a Reliability Manager

Supplement 4
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who will be located at the site. The Reliability Manager will be responsible

for surveillance visits to selected shops of suppliers. This function was

previously delegated to the Westinghouse Nuclear Power Services Group.

In addition, the Reliability Manager will continually audit the quality

assurance efforts of UE&C. In effect, a new reliability management function

over and obove those previously set forth has now been es.ablished while

all existing organizational functions and responsibilities for quality

assurance are being maintained.

The quality control functions previously performed at various Westinghouse

ccgwnizational !evtjls will continue to be performed. At the Westinghouse

head~quartera level, thQ staff quality assurance audit team will review

periodically the quality zontrol program for Indian Point No. 2 as it has

done in the past. At the PWR Systems Division level, the quality control

functions performed by that division for the nuclear steam supply system

will continue as before.

s
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Organization and Staffing of WEDCO

6
The management of WEDCO is as follows:

Directors

J. W. Simpson

J. C. Rengel

T. S.ERN

J. T. Stiefel

W. B. Lee

Principal Officers

J. T. Stiefel

W. B. Lee

A. A. Simmons

D. E. Anderson

T. A. Cudiness

E. 0. Pearson

Executive Vice President of
Westinghouse and President
of the Power Systems Company
of Uestinghouse.

Vice Premident of Westinghouse
and Executive Vice President
of the Nuclear Energy Systems
of Westinghouse.

General Manager, PWR Syscems,
Division of Westinghouse.

General Manager, Turnkey Projects
of Westinghouse.

Formerly Project Manager Indian
Points Projects - Westinghouse.

President

Executive Vice President

Vice President, Engineering

Vice President, Construction

Treasure and Assistant Secretary

Secretary

Figure 3 depcits the Westinghouse Project Organization for the Indian Point

No. 2 project prior to the activation of WEDCO. Figure 4 shows the current

Westinghouse Project Orgainzation.

As is apparent from the above list of directocs and officers and from the

charts, those persons responsible within the Westinghouse organization

for various functio.s relating to Indian toint No. 2 remain responsible

under the revised internal Westinghouse orgainzation. The inclusion of

111-4 Supplemen t4
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these detailed charts is intended to reflect the continuity of experienced

ptrsownel related to the Indian Point No. 2 Project. This does not, of

course, constitute a 2repreoentation that every single person identified

on these charts will remain in the position specified for the duration

of the project. Rather it is intended to show the =nugerment tea= which,

in the wain, vill direct the project for Its duration.

Uith respect to Vestinghou"a pergonnel, various personn employed by

Westinghouse have been zransferred to W-.DXCC, Including all the Westinghouse

project people assigned by Westinghouse to the site. In addition, all

of the other project people (i.e., those not at the site) rreviously assigned

to Indian Point No. 2 remain so assigned. Accordingly, the fornati-n

of WEDCO has not caused any Westinghouse person to be taken away from

the project.

To staff 16DCO below the operating department heads, Westtnghouse viii

in addition to its own pjrsonell utilize personnel drawn fron other

organization3 such as UE&C, J. A. Jones Construction Company, Charlotte,

North Carolina; Nuclear Ser'vices and Construction Coopaay, ,Newport News

Virginia, c subsidiary of Newport News Shipbuilding & Drydock Cowpany;

Caualytic Construction Comapny, Philadelphia, Pennaylvanis; and Xauchly

Associates, Inc., Fort Washington, Pennnylvanta.

As previously indicated, the entire staff of Westinghouse remins available

to UEDCO for assistance and expertise as and when needed.

Consolidated Edison

The project reorganization *eacribed above does not in any way alter

the ultimate responldtllty o0 Cosz:-=! soari e Ediscn for the quality

assuct-ce -rosran. There io no basic chance -i. the Consoli%.ated Edison
program. However, the follc-cins uinor procedural changes have been =~de

In view of the ekieotalce oC VED(O:

(1) Consolidates Edtsi'n'. monitoring functfon vii) inclvde monitoring

the a~ttvities of W-DOO.

Supplemen- A
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(2) Consolidated Edison will forward the United States Testing Company

quality assuranca '.eports to Westinghouse and/or WEDCO;

(3) Consolidated rdison wll2 contact Westlnghouse and/or WEDCO for

necessary corrective act-ion.

4
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PR-0E REORGAXIZATION - !?ARO 970

ThIs section describes a change which uill be taplemented by Westln*.Guse

in the spring of 1970 in the project orSanization as described in various

portions of the Final Safetyi Analysis Report and in the foreroing section

entitled "Project Reorganization - Dece-ber 19 6 9 ".

The changes Eade in Daecc=ber 1!069 involved the creation of WEDOC and the

delegation to WE1CO by Westinghouse of certain functions at the Indian

Poiut site previously car-ied out by Westinghouse or United Engineers &

Constructors (UE&C). Following the Dece=ber 1969 reorganization, UE&C

retained the following functions withiu its scope of work as architect-

enginwer-cons tructor:

(a) Design and Engineering

(b) Quality Assurance (including Home Office Quality Control

Engineering, Vendor Surveillance, and On-Site Quality Control).

The current change consists of the removal of the vendor surveillance

and on.-sire quality control portions of Item (b) from the scope of work

to be perforned by UE&C, and the assigning of these functions to WEDCO.

It is anticipated that there v.ill be little change of personnal involved

in the transfer of the on-site quality control function. UE&C personivil

who have been performing this functions al bit transferred froa UE&C to

WEM. Vith respect to the vendor surv .illance function, the UE&C personnel

presently discharging this function will not be so transferrLd since they

are not used solely for WE-DCO suppliers. Instead, WEDCO will evploy a

Hanager of Vendor Surveillance and other personnel for this work. The

transition In this respect •ill be gradual. Rev personnel till be

phased in and the ULEC personnel will be utilized du-ring the transition

period to assure continuity of the surveillance program. The transfer will

be made on a purchse-order-by-purchase-order basis, wit UE&C personnel

vorking with new personnel in performing the surveillance during the

transition.

111-7 Supplement 8Ill -7 •4/70



To assure that a level of quality assurance review will not be lost,

the organization of the WMCO reliability group is being structured to
provide for an independent, internal audit of the two quality assurance

functions currently being transferred to WEDCO. 1te Vendor Surveillance

Group and On-Site lQua~ty control Group each vill report directly to

the Reliability Manager. The activities of both the Vendor Surveillance

Group and the On-Site Quality Control Group will be audited by a Systems

Reliability Group. The Systems Reliability Group will report directly
to the Reliability Manager to assure its functional independence.

FIgure 5, attached, showe these organizationml relationships in chart form.

With the exception of the cLange described above, the roles of the various

organizations Involved in the construction of Indian Point 2 re.ain the

same as previously described.

I

I

6

11I-8 Supplement 8
4170



I I . .

I a a Ah
II

FIG7UR
A'1 L A TIONI-IAI/P5FUNC TI/ON A L

I

I C&N5SC2I /4qT,
OVy7/ý e

1
J

I.- - - - - - - -~ 1
Cov~4cr I I

I

WA.ZCc' Itcxer /4?4e. r
I

I
I

'f~

I
C~V/T~ GW4v~V4'
#' CoMJz~ac.7~,es

Supplement 4
12/69



7-Q A6L/ 7Y- AS.6'4 A'C 'A
o , aI' /A/LVAA/POINAT

Supplemaenc 4'
12/69

A-



0
FIGUE UO. 3

PRZY$JEDCO WMSTINGHOUSE
PRW=CT ORGNIZATfO.i

GW am ft- 00-

mummwzvm SYSTEMS
J. C. Rensel,

Exec. V.P4
IM

9

1111
PIJR Syncems
Divisio3
T. Sc•rn I
Can. ?'gr !

II

T':avkay Projecct
SJ. T. StLefeol

Cen. Hgr.

I

Con Edison
Nuclear Power

Plants
W. B. Lee

Project Manager

,oject En5nfearii
Indian Point; #3
R. P. Devine

Manager

Asns cant Projects

D. E. Anderson V-I
-I

Projects
Administrasxn

C. E. Langloid

Supplement 4
12169

Plant Installatioo
L. R. Cunningham

Manager

5I Construction
T. P. McKenna



Gus Nao, 4

POST-EMCO iWESTIfI1OUSE PRlJECTi
ORGANIZATION

NUCLEAR WE=I~ SYSTES

J. C. Rangod
Executive "ice Prns.desnti

Turnkey Projects

J. T. Stiefol
General Manager

"P.

I
Turnkey Proj ect

R. C. Cunningham
Technical Direccor

Technical %ssistant
to Exec. V.P.

E. J. Staffel

Construction

D. E. AndersonI
I
1
I
I
I
I
I
I

Project Engineering
Indian Point Plnnts

0. .. fI.'uge
Manager

I
I
Iii.. - - - - - a a

,Pl~ ,
Corporate Relatcions
C. HI. Rutlad,$e .

-a.



0

ORGANIZATION CMIRT
WEOCO

RELIABILITY GROUP

FIGURE 5
Supplent 8

4/70



WMI)•,IOUSE NICLEAR EHME1GY SYSTEMS

UNITZD ERGINNEERS AND O'TRUMC'ORS

CONSOLIDATED EDISO4 COMMYA, OF NEW YOK, INIC.

INDIAN POIHN i•UNM.A. GENERAING UNIT NO. 2

S
CONTAINM."r DESICH REPORT

March, 1969

S. Barnes
P. J. Gallagher
B. Scoct
J. Slotterback
J. D. St.-enson

Suppaeunt 6
2/70C-i



TAB11 OF COtTEM

- sectlon 01Itle

1.0 INTRODUCTIONO

1.1.0 Purpose and Scope of Report

. .2.0 Funct•.on cf Contaiment Structure

1.3.0 Cotitainent D8ecription

2.0 COhN•AIN-2ENT STRUCTURAL 3)ESIH BASIS

2.1.0 Design LGAd Criteria
2.i.1 Dead Loads
2.1.2 Ope'ating Live Loads
2.1.3 Srov Loads
2.1.4 Construction LosAe
2.1.5 Wind Loads
2.1.6 Oper.tina• empovaturo, Loads
2.1.7 Seisae Loads
2.1.8 Accdent Pressure Loads
2.1.9 Accident Temperatuv-e Loads
2.1.10 Loud* at Penatratious
2.1.11 Test Pretsure Load
2.1.12 Combined F-actored Load Equation

2.2.0 Stress, Strain or Deforuation Criteria
2.2.1 Capacity Reduction Factor 0
2.2.2 Concrete Stress Criteria
2.2.3 Concrete Reinforcing Steel
2.2.4 Steel Liner Plate
1.2.5 Penetrations
2.2.6 Su=8ry of Material Stress Strain Froperties

3.o CONTAIHENT ANALYSIS HEODS AND aO.PMRISON
WITH CRlreqlA

3.1.n Generil Contaln=ent Loads
3.1.1 Dead woad
3.1.2 Design List% Accident Pressue Load
3.1.3 Discontinuity Moment and Shear Load
3.1.4 Base .i Load
5. 1.5 Seismic Load
M.1.6 Tezperature Effect Load
3.1.7 Vird Loid
3.1.8 Load Ctabinations

3.2.0 Ceneral StresG/SlIrain Formula
3.2.1 Dead Load Stress
3.2.2 Design Basis Accident Pressure Load Stress
3.2.3 Discontinuit- Moment and Shear Load St.cess
3.2.4 Base Hat Str, -.
3.2.5 Seismic Load Stress
3.2.6 Temperature Effect Stress

C-il Supplement 6
2/70



TABLE OF COM'r!TS (Cont'd)

3.3,0 Detail Analysis of Containment at Representative
Locations

,.3,1 Point 1
3.3.2 Point 2
3.1.3 Point 3
3.3,4 Point 4
3,3.5 Point 5
3.3.6 Point 6
3.3.7 Point 7
3.3.8 Point 8
3.3.9 Su.ary of Containment Design loadings
3.3.10 Summary of Contairment Design Stresses Compared

to Criteria Stress Levels

3.4.0 Detail Analysis and Design of Large Penetration

Openings In the Containment Shell

4.0 CONTAMKHEMT CO"ONENT DESIGN

4.1.O Contai•ent Sump
4.2.0 Contain=ent Hat
4.3,0 Containment Cylindrical Walls
A.4.0 ContailnmenL Dome
4.5.0 Containment Liner
4.6.0 Containment Cylinder, Base and Dome Points of

Discontinuity

5.0 CONTAIUET FHAT-RIAL PROPERTIES, FABRICATIQN
AN1M ERLCTION PROCEDUPES

5.1.0 Concrete
5.1.1 Cement
5.1.2 •Water
5.1.3 AggregRtec
5.1.4 Admixtures
5.1.5 Formwork
5.1.6 Placement and Curing

5.2.0 Reinforcing Steel
5.2.1 Cadsteld Splices

5.3.0 Formwork

5.4.0 Waterproofing Containient Walls Below Grade

5.5.0 Contanlnent Liner
5.5.1 Material
5.5.2 Fabrication
5.5.3 Erection

5.6,0 Liner insulation

Supplemenr 6
C-l.1 2/70



TABLE OF CONTENTS (Cont'd)

5.7.0 Penetrvt.on
5.7.1 Haterial
5.7.2 Fabrication
5.7.3 Erection

6.0 QUALITY COMOL H-THOD AND PREOPERATIONAL TEST
PROCEIDURS

6.1.0 Quality Control. Organization and Chain of
Ccamand (Supplement)

6,2.0 Swmnry of Material Tests
6.2.1 Concrete
6.2.2 Reinforcing Steel
6.2.3 Structural Steel
6.2.4 Insulation
6.2.5 Liner Plate

6.3.0 Quality Control Tests Fabricated Elements
6.3.1 Liner, Penetrations and Large Opening Locks
6.3.2 Cadvelds
6.3.3 Stud Anchors oa the Liner

6.4.0 Preoperational Performance Testing

6.5.0 Field Problems Encountered in Construction

7.0 SULQQRY .iD CONCLUSIONiS

Appendix .A - Detailed Reinforcement for Containmznt Large Openings

Appendix B - Tornado Effects Antlysis for as Designed Containment

Appendix C - C'dveld Splice Design Strength Analysis

Appendix D - Contcinment Liner Plate Buckle Analysis

Supplement 6
C-iv 2170



1.0 IUTRODUCTION

1.1.0 PURPOSE & SCOPE OF REPORT

The object of this report is to illustrate the design adequacy of the

containinnt structure for the Indian Point Nuclear CeneratLna Unit No. 2.

To this end, thJs docutrntary report describes the design of the

stri•Cture, as well as the construction procedures, to demonstrate

fulfillment of thn design criteria.

The following sections of this report enumerate the basic criteria that

were used, the analyses that was developed to satisfy these criteria, the

various loading combLnatirns under normal and postulated accident

conditions 'including seismic effects), and the construction and testing

procedures thpt weLe employed to ultimately construct the containment

structure at the site.

1.2.0 FUN.CTiON OF CONTAINME•IT STRUCTURE

The containment structure completely encloses the entire reactor and

reactor coolant system and ensures that essentially no leakage of

radioactive materials to the environment would result even if gross

failure of the reactor coolant system were to occur. The structure vill

provide biological shielding for normal and accident situations.

The containment structure is designed to safely withstand several

conditions of loading and their credible combinations. The limiting

extreme conditions are:

a) Occurence of a gross failure of the reactor coolant system which

creates a high pressure and temperature condition within the

containment.
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b) Coincident failure of the reactor coolant syzitem with an enrthqunke

or wind. I

The design pressure and temperature of the containment will be,

as a minimum, equal to the peak pressure and temperature occurring as

the result of the complete blowdown of the reactor coolant through any

rupture of the reactor coolant system u• to and including the hyptthetical

severance of a reactor coolant pipe. Energy contrLbution from the steam

system i included in thi calculation of the containment pressure transient

due to reverse heat transfer througN the stem generator tubes. The

supports for the reacLor coolant systera will be designed to withstand

the blowdown forces associated with the sudden severance of the reactor

cjolant piping so that the coincidental rupture of the steam system

!a rot considered credible. In addition, the design pressure will

,iot be exce.ded during any subsequent lon3 tern pressure transient

determined by the comb.n•d effects of heat source, such as residual

heat and limited metal-va:cr reactions, str,..ctural heat sinks and tht

operation ot the engineered safeguards; the latter utilizing only the

emrgency electric power supply.

The design pressure and temperature on the containmeut structure will

he those created by the hypothetical loss-of-coolant accident. The

reactor coolant syctem will contain approxiriately 512,000 lbs. of coolant

at a weighted average enthalpy of 595 Btu/lb. for a total energy of

304,000,000 Btu In a hypothetical accident, this water is released

through a double-ended break in the largest reactor coolant pipe, causing

i rapid pressure rise in the contaimcent. The reactor coolant pipe

used in the accident will be the 29-In. ID section because rupture

of the 31-in. ID section requires that the blowdown go through both

the 2 9-1n. and the 27-1/2-in. M. pipes and would, therefore, result

in a lese severe transient.
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Additional energy release was considered from the following sources:

a) Stored heat in the reactor core.

b) Stored heat in the reactor vessel piping and other reactor

toolant system componenrti.

c) Residual heat production.

d) Limited metal- ater reaction energy and resulting hydrogen-oxygen

reaction energy.

The following loadings will be considered in the design of the nontainment

in addition to the pressure and temperature conditions described above:

a) Structure doad load,

b) Live loads.

C) Equipme.nt loads.

d) Internal test pressure.

e) Earthquake.

f) Wind.

The containment structure is inherently safe with regard to common

hazards such as fire, flood and electrical storm. The thick concrete

walls are invulnerable to fire and only an insiSnificant amount of

combustible material, such as lubricating oil in pump and motor b6arings,

is present in the containment.

Supplemenr 6
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Internal stLuctures consist of tquipment supports, shielding, reactor

cavity and canal for fuel transfer, end miscellaneous concrete and

steel for floors ane stairs. All internal structcrcs are supported on

the mat with the exception of equipment suprorta secured to the inter-

mediate floors.

A 3-ft. thick conacrete ring wall serving as a partial radiation shield

surrou;ads the reactor coolant system components and supports the

pr-lar-type reactor containment crane. A 2-ft. thick reinforce' -oncrete

floors covers the reactor cool~nt system with removable gratings in the

floor provided for crane access to the reactor coolant pumps. The four

steam generators, pressurizer and various piping penetrate the floor.

Spiral stairs provide access to the areas below the floor.

The refueling canal connects the reactor cavity with the fuel trans-

port tube to the spent fuel pool. The fDoor and walls of the canal are

concrete. The floor is 5 ft. thick. The concrete walls and floor are

lined with 1/4-inch thick stainless steel plate. The linings provide a

leakproof membrane that is resistant to rbrasion and damage during fuel

handling operation.

1.3.0 CONTAINMENT CESCRIPTION

The reactor containment structure is a reinforced concrete vertical

right cylinder with a flat base and a hemispherical dome. A %welded steel

liner w;th a minimum thickness of 1/4-inch is attached to the inside face

of the concrete shell to insure a high degree of leak-tightness. The

design objective of the containment structure Is to contain all radio-

active material which might be released rrom the core following a loss-

of coolant accident. The structure serves rs both a biological shield

and a pressure container.

Supplement 6

1.0-4 2/70



The structure consists of side walls measuring 14& feet from the

liner on the base to the springline of the dome, and hha au inside

diameter of 135-feet. Mhe side walls of the cylinder and the dome is

4-ft. 6-in. and 3-ft. 6-in. thick respectively. The inside radius of

the deme is equal to the inside radius of the cylinder so that the dis-

continuity at the springline due to the change in thickness is on the

outer surface. The flat concrete base mat is 9-ft. thick with the bottom

liner plate located on top of this mat. The bottom liner plate is covered

with 3-ft. structural slab of concrete which serves to carry internal

equipment loads and forms the floor of the c.ntainment. iThe internal

pressure within the containment is self-contained in that the vector

sum of the pressure forces is zero; therefore, there is no need for

mechanical anchorage between the bottom mat a d underlying rock. The

base is supported directly on rock.

The basic structural elements considered in the design of the con-

tainment structure is the base slab, side walls and dome acting as one

structure under all possible loading conditions. The liner iu anchored

to the concrete shell by means of stud anchors so that it forms an

integral part of the entire composite structure under all membrane

loadings. The reinforcing in the structure has an elastic response to all

primary loads viti. limited maximum strains to I .sure the it~cegrity of the

steel liner. The lower 20 feet of the cylindrical liner is insulated to

avoid deformation of the liner due to restricted radia3 growth when

subjected to a rise in temperature.

1.0-5 Supplement 6
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2.0 CONTAINMENT STRUCTURAL DESIGN BASES

2.).0 DESIGN LOAD CRITERIA

The following loads were considered to act upon the containment structure

creating stresees within the component parts.

2.1.I DEAD LOADS

Dead load consists of the weight of the concrete wall, dome, liner,

insulation, base slab and the internal concrete. Weights used for

dead load calculations were as follows:

a) Reinforced Concrete

b) Steel Lining

d) Insulation

: 150 lb/ft 3

: 490 lb/ft 3using nom..nal

cross-sectional area

i 6 lb/ft 3 including stainless

steel Jacket. 0
2.1.2 OPERATING LIVE LOADS

Operating live loads consist of the weight of major components of

equipment in the containment. Equipment loads were those specified on

the drawings supplied by the manufacturers of Lhe various pie.es of

equipment.

All malor pieces of equipment are supported on the 3'-O" base slab or

on the interior concrete, which in turn beara directly on the 9'-0" mat.
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C,

Item Flooded Operating Weight, lb.

Prersurizer

Steam Generators

Reactor

a) Vessel

b) Internals

c) Pipi•g

Reactor Pumps

Accumulator Tanks

175 Ton Polar Crane

Ventilation Fans

Reactor Coolant Drain

Tank

Pressure Relief Tank

Other Misc. Equipment

-1

-4

-1

-4

-4

-1

-4
-1

-1

346,000

3,746,000

868,000

420,000

1,000,000

824,000

529,000

650,000

656,000

20,000

100,000

100,000

9,259,000

0 2.1.3 SNOW LOADS

Snow and ice loads have been applied uniformly to the top surface of the

dome at an estimated value of 20 pounds per square foot of horizontal

projection o, the dome. This loading represents approximately 2-ft. of

snow, which was considered to be a conservative amount since the slope

of the dome tends to cause much of the snow to slide off.

2.1.4 CONSTRUCTION LOADS

A construction live load of 50 pounds per square foot has been used on

thd dome, but was not considered to act concurrently with the snow load.

A load equivalent to the weight of wet concrete, placed in sections

during construction of the concrete dome, was used fo: the design of the

stiffened drme liner plate. During the pressure test of containment, the

concrete will crack and thereby relieve the effe. of shirnkage and creep.
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2.1.5 W1ND LOADS

The American Standards Atsociation "American Standard Code Requirements for

Minimum Design Loads in Buildings and Other Structures" (A58.1-1955) designriteF

the site a" being in a 25 p.r znnoi. In ti-lo endis, or height rone.f lIhtwt'e3i

100 and 499 feet, the recomiended windl pre-l.eure on n rlat surraw•.t 11 40) li4.
Correcting for the shape of the containment by using 4 shape factor of 0.60,

the recommended pressure becomes 26 peE. The State Building and Construction
Code for the State of New York stipulates a wind pressure up to 30 pof on a

flat surface for heights up to 300 feet. For design, a unifocm 30 psf basic

wind load has been used from ground level up.

While not an initial design conside:ation, the containment has been Investigated

for tornado load effects as described in Appendix B.

2. 1 16 OPERATING TEMPERA.TURE

The 4perating temperature assumed in the desig- of the containment structure
in 1200F, with a -5F° outside winter temperature. Thermal loads iiduced in
the containment as a result of operating temperature effects are composed of
a) the steady scate temperature gradient through the wall as shown in oigure

1.1 for Winter conditions for both the insulated and uninsulated portions of
the liner and b) tho effective load induced in the concrete shall as the concrete
acts to restrain the steel liner when the mnan temperature of the cc/ncrete
differs f-m that of the liner.

2.1.7 CREEP AND SHRINKAGE LOADS

The containment structure has been Invastigated for end of life creep and shrinkage
factor as follows:

(a) k(creep) -0.22 x iO-6 in/in/.tsi

(b) k(shrinkage) a70 x 106 in/in

The maximum stress ind-uced in the steel reinforcement by this maximum condition

is less then 4000 psi. Since the limiting case for Jesign in accident pressure
load which effectively cracks the concrete and places the reinforcement into

membrane tension creep and shri..kage induced stress are not a limiting factor

In design. During the pressure test of containment, the concrete will crack
and thereby relievo the effects of shrinkage and Lreep.

Supplement 9
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2.1.8 SEISMIC LOADS

The ground acceleration for the operational basis earthquake was determined

to be O.lg applied horizontally and 0.05 applied vertically. These values

were resolved as conservative numbers based upon recommendations from Dr. Lynch,

Director of Seismic Observatory. Fordham University. A dynamic analysis has

been used to arrive at equivalent design loads. Additionally, a design basis

earthquake acceleration of 0.15 horizontaly and 0.10 vertical has been used

to analyze for the no-loas of function.

A damping factor of 2 percent was assumed for the reinforced concrete structure

for both earthquakes. The response spectra used were based on the Spectrum

curves presented in Figure 9.1 of tlle PSA:

2.1.9 ACCIDENT PRESSURE LOADS

The design basis accident pressure load is shown in Figure 5,1-8 of the FSAR

as a function of time. This design value is ar least 5 percent in excess of

maximum calculated containment pressure as shown in Figure 14.3.6-8 of the FSAR.

2.1. 10 ACCIDENT TEMPERATUP.E LOADS

The design basis accident containment temperature assumed in the design of

the containment is also shown in Figure 5.1-8 of the FSAR as a function of

time. This containment temperature induces loads in the concrete shell as

the c,.ncrete acts to restrain liner thermal expansion. This thermal load effeLt

on the liner is combined with pressure load effects to develop design basis

accident design load requirements as a function of time. Accident temperature

induced thermal gradients through the wall are not a factor in concrete shell

design since the accident "emperature effect penetrates approximately 10 percent

of the containment wall thickness during the significant overpressure phase

of the accident and the cracking of the concrete shell due to containment

pressurizatiop acts to relieve secondary stresses induced by thermal gradient
effect.

Supplemenr 6
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2.1.11 LOADS AT PENETRATIONS

The effect, of growth of the liner due to accident conditions, has

been considered in the design of penetratA..ns and sleeves together

with the effects of lateral loads due to thermal expansion of pipes,

seismic motion, pipe break loads and pressure loads. In addition,

stress concentration effects on large penetrations have been considered.

2.1.12 COMBINED FACTORED LOAD EQUATIONS

The design was based upon limiting load factors which were used as the

ratio by which loads were multiplied for design purposes to assure that

the loading formation behavior of the structure was one of elastic,

tolerable strain Lehavior. The load factor approach was used in this

design as a means of making a rational evaluation cf the isolated

factors which must be considered in assuring an adequate safety margin

for the structure. This approach permits the designer to place the

greatest conservatism on those loads most subject to variation and

which most directly control the overall safety of the structure. In

the case of the containment structure, therefore, this approach places

minimum emphasis on the fixed gravity loads and maximum emphasis on

accident and earthquake or wind loads. The loads utilized to determine

the required limiting capacity of any structural element on the

containment structure are computed as follows:

a) C = l.OD + 0.05D + 1.5P + 1.0 (T + TL) (2.1.1)

b) C - l.OD +_0.05D + 1.25P + 1.0 (T' + TL') + 1.25E (2.1.2)

c) C - l.OD + 0.05D + 1.0P + 1.0 (T" + TL") + I.OE' (2.1.3)

2.0-5 Supplement 6
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Symbols used in these formulae are defined as follows:

C: - Required load capacity section.

D: - Dead load of structure and equipment loads.

P: Accident pressure load as shown on pressure-temperature

transient curves.

T: Load due to maximum temperature gradient through t%.- concrete

shell and mat based upon temperatures associated wit'. 1.5
times accident pressurie.

TL: Load exerted by the liner based upon temperatures associat,.d

with 1.5 times aqcident pressure.

V: Load due to maximum temperature gradient through the concrete

shell and mat based upon temperatures associated with 1.25
times accident r re.

TL': = Load exerted by the liner baaed upon temperatures associated

with 1.25 times accident pressure.

E: Load resulting from operational basis earthquake.

T": Load due to maximum temperature gradient through the concrete

shell, and mat based upon temperature associated with the

accident pressure.

0

TV": Load exerted by tle liner based upon temperatures associated

vith the accident pressure.

Load resulting foom design basis earthquake.U

Load conditions a) indicates the the containment has the capacity to

withstand loadings at least 50 per cent greater than those calculated for

the postulated loss-of-coolanL acccident alone.
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Load condition b) indicates that the containment has the capacity to 0
withstand loadings at least 25 per cent greater than those calculated
for the design basis accident with a coincident operational basis

earthquake.

Load condition c) indicates the containment will withstand loads at
least equal to those calculated for the design bases accident coincident
with a design basis earthquake. The Indian Point Unit No. 2 cont,. ment
has the capacity withstend loadings associated with the design basis
occident and a coincident earthquake with essentially elastic response.

The loads resulting from design wind on any portion of the structure

did not exceed those resulting from earthquake.

All structural components have been designed to have a capacity
required by the most severe londing combination. The loads resulting
from the use of these equations will hereafter be termed "factored

loads."

The load factors utilized in these equations are based upon the
load factor concept employed in Part IV-B, "Structural Analysis ad
Proportioning of Members Ultimate Strength Design" of ACI 318-63.

Because of the refinement of the analysis and the restrictions on
construction procedures, the load factors in the design primarily
provride for a safety maroln on the load assumptions.
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2.1.13 TEST PRESSURE LOADS

Internal pressure will be applied to test the structural irtegrity

of the vessel up to 115 per cent of the design pressure of 47 psi.

The maximum calculated pressures was 42 psi. For thir. structure the

test presrure will be 54 psig.

2.2.0 STRESS, STRAIN OR DEFORMATION CRITERIA

The containment is designed such that under all factored load

conditicns the behavior of the structure will be in the small

deformation elastic range. This behavior range is defined by the

stress limits contained in the ACI-318-63 Code to include additional

margin as provided by the capacity reduction factor, 0.

2.2.1 CAPACITY REDUCTION FACTOR 0.

The r.Leoretical member capacity is lowered by the reduction factor

0 to recognize variation in csjility of materials and permissible

tolerances in bar and plate areas ano section dimensions, as well as

approximations inherent in theoretical analysis. In theory the capacity

reduction factor should be divided into the calcuiftred load effect to

determine actual design load requirements. Since 0 is less thhn one this

always results in a design load requirement in excess of calculated

requirements.

As a practical matter in the design of this containment the

capacity reduction factor has been applied as a multiplier to the

theoretical stress criteria. This has the result of reducing the

allowable stress as a function of the type of load being carried.

The following 0 factors for both concrete and steel are used in design:

0 .95 (tension)

= - .90 (flexure)

0 .85 (diagonal tension, bond and anchorage)0
Supplement 6
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2.2.2 C ,ETE STRESS CRITERIA

The stress criteria governing behavior are as specified in Part IV-B of the

ACI-318-63 Code. Specifically the code limitations on concrete compression,

tension, shear strength with and without web reinffrcement, bond and anchorage

are followed. These values are further reduced by applicable capacity reduction

factors.

2.2.3 CONCRETE REINFORCING STEEL

The calculated structural capacity of reinforced concrete 8ettions is based on

the specified minimum yield strength of the reinforcement ,iring the design
methods specified in Part IV-11 of the ACI-318-63 Code. This limiting stress

value is further reduced by rihe applicable capacity reduction factor.

2.2.4 STEEL LINER PLATE

The maximum steel stress is limited to 0.95 yield tinder all primary loading

conditions. In regions of local stress concentraltions or stresses due to

localized secondary load (,ffects the maxlimum lIr."r strain Is limited to 0.5

per cent. (Detailed finite element computer analysis has identified regions

of high localized liner stresses which would not have been detected usi.,g

conventional analytical techniques).

2.2.5 PENETRATIONS

The steel penetration .lements not racked up by concrete rt,, designed to
carry desipgn basis .tccident loads piLw operational hnsis earthquake loads

(unf, ctored) within the stress limitations of the ASME Section VII1 Unfired

Pressure Vessel Code stress limitations. It should be noted the ASME Code

is a "working stress" design code and as such has safety nmirgin contained

in the reduced stress; levels rather that. In the factored load concept.

2.2.6 SMDIARY OF MATERIAL STRESS STRAIN PROPERTIES

The materials used in containmen' conform to stress-strain limi tations

as follows:

Stipplement 6
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NP I tem

1. Concrete

2. Reinforcing
Steel

3. Liner Plate

4. Mech. Penetra-
tion Sleeve-12"
Dia. anz under

5. Mech. - 0vtr
12" DJ-%.

6. Rolled Shapes

7. End Plates

8. Fuel Trans-
fer Tube

9. oellows

10. Elec.Pen-
trations

11. Equip. Hatch
Insert

12. Equip. Hatch
Flanges

13. Equip. Hatce
Head

14. Personnel Hatch

Svecilication

ACI-318

ASIS A432
%CI-318

Gr. 60

ASTH A333,
Gr. I

AS'T1 A201.
Gr. B
to A300

ASTh A36,
ASTIV Al31
(r. C

a) ASTH A30O
C1.1 Firebox
A 201, Cr.B

b)ASTh A240
Tp. 30AL

ASTh A 240
Tp. 304L

ASTH A312
tp. 30:-L

ASTh A333
Gr. I

ASTh A300
C1.1 Firebox
A201, Gr. B

ASTM A300
CIA Firebox
A201. Gr.B

ASTh A 300
C1.1 Firebox
A201, Gr. B

ASTh A300
CIA. Firebox
k2G1, 1r. B

Min.
yield
Strength
("S")

32,000

30,000

32,0_0

36,000
32,000

32, 00

25,000

25,000

25,000

30,000

32,00C

32,000

32,000

32,000

Min.
Ulti:te
Strength
(PSI)

3,000

91. .000

60,000

55,O00

60,000

58,000
58,000

60,000

70,0P5

70,000

70,000

•5.000

60,000

60,000

60,000

60,000

Elongation

7Z In 8"

22% in 8"

35% in 2"

222 in b"

201
212

222

401

352

35%

22%

inin

in

In

In

in

In

in

sit
8"

8"

2"

2"

2"

2"

8"

22% in 8"

222 in 8"

22Z In 8"

0
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3.0 ,C..AINKME AALYSIS HIroDS AND)CO MC.PARISON WITH CRITZRIA

3.1.0 GEHIEMAL CWTAI110T LOADS

3.1.1 DEAD LOAD

The weight of the concrete structure above the point under conuside•ation

based on a density of 1501/ft3 uhich includes only the weight of the

reinforced concrete structure. Since the maximum rebar stress occurs in

tension It is conservative not to consider snow loads or any other

load which will add to the dead load.

The formula for dead load in kilt at any point is

TDL = V12 tt (3.1.1)

where:

Vi - the volute of concrete in feet cubed above point I
mean radijs in feet
the dead lod at au=7 point in the

TDLI structure (kitt) of wall

The horizontal thrust Crow the dead weight of the dome Is

computed by considering

H - -T + yr cos l (3.1.2)

and

T . . (3.1.3)

2wr sin2 o

where:
k 2vr 2 2(1-cos 0 ) (3.1.4)

I- the horizental or hoop thrust in the. dome In k/Ct of shell

r - mean radius of dome its feet

0 - the central angle measured from the top of the dome to the

point under considerdtion

- the total welght of the done *bove the point defined by

9 in kips

w - the dead load per unit surface area of shell in kit2t.

T *t he vwrtical or meridianal thrust in the doee in k/ft of shell

•,0-1 supplcnent
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3.1.2 DESIC3 BASIS ACCIDENT PRESSURE LOAD

MIembrane pressure loads in the vertical direction In the cylinder

and either direction In the done are determined by

P P-R (3.1.5)
2

For the horizontal jr hoop direction In the cylinder
P - pSRj (3.1.6)

P - pressure load In #/in of vail

p - internal design pressure in #/ini

X - cean radius in Inches

3.1.3 DtSCMC'TIUITY ?U0HM40 AI0 SHEAR LOAD

Tht bending zonents, shears and deflection. iLaduced in the cylindrical

ahell by the restraint provided by the base are found by coosidering
(1)

a cylindrical shell with a uniform internal pressure . Using

the general aquatiocs for deflection and slope for cylinder with

---A oment and shear, and substituting boundary conditions of v - 6

a04 0 - 0 at x - 0 (the built in end) where & - the unrestrained grovth

of a cylinder under uniform internal pressure, onme obtains formulae

fat the moment and shear .t the built-in end to cause =eoe deflection

and rotation

HO P 2 d 29 " - (3.1.7)

P - the internal pressure in 1ira 2

2 12
[42 .[E ] (3.1.8)LA..

4a D

EAh3  (flexural rigidity of the shell) (3.1.9)
D 12 (1- )

h U are of horizontal steel and liner in the cylinder which

acts as a spring constarr (in /in)

a sean radiut of the containvent cylinder In inches

It efftitlvv depth or thIckne-s of the vail
C-

S2uppleunt 9
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u - Poigsonts ratio - 0 for cracked concrete

S- modulus of elasticity of steel - 29 x 106 PatSp 6

Z .. modulus of elasticity of concrete - 3.2 x 106 pal

M - 'laRent at built in Section to cause 0 rotatt•c
0

Q - hear at built in Section to cause 0 deflection

Substituting these values in the following expressions, values for

bending mosent, shear and deflection at any distance frou the end can

be found:

-1
a W -- tB H T Y +) Q 0 (S641 (3.1.10)
X 3 D 0

15"2 2(221 - 1 S (5)4 + Q 4 (84)1 (3.1.11)
di 26 D

-X D 2  ' - -- 128 M 0 010)4+ 2QO6(Fx) D (3.1.12)
dX2 28D 0

- DALr- -"12 t H -5 ( €) - Qo T (ft) ID (3.1.1:3)
dx3

wrhere:

+(Bx) e- x (coo Ox + Sin Sx)

r (Sx) C5%- (Cos PSx - Sin OX)

a (x)-e coo ex
-Dx

8 (Bx) 'e Sin Sx

a - the deflection of the shell atx

xex M the slope of t:he shell at x

MX the noment of the shell atx

Vx - the shear In the shell atx

3.0-3 
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From these values FPiures 3.1 and 3.2 are plotted showing moment and

shear vs. height of vll in inches. The effect of backfill on the

zatrafnt provided the containnmt cylinder vas e'uluated and the

resultant shift in restrained mzwent and shear higher into the shell was

Aetexnined not a design factor.

Ili problem of determining the distontinuity mnent and shear at the springline

is si•ilar ta that at the base. Discontinuity forces at the doime-ylinder

Junction are only a function of the relative deformation at this point,

since the rotations of the cylinder and of the dome due to the internal

pressure are zero and therefore prewnt no discontinuity. The extension

of the radius of the cylindrical shell due to the internal pressure is

given by
pa2

AC MZE sh

and the unrestrained extension of the doae (6D) is given by

A 2D"D h 'D (I - U) .. )

-sh

where:

&I - mn radius of the contaimmnt done in the inches

hS - area of horizontal steel and liner of the dome which acts

as a bpring corstant (in /in)

Since the ar-e of the hoop steel per foot in the dome is approximately one

half that of the cylinder, the values of 6C and 6D are nearly equal and

therefore the relative deformation is insignificant.

In calculating the discontinuity effects, the bending is of a local

character so that an approximate solution Lan be obtained by assuming

thlat the bending Ls of importance only in the zone of the dome close II
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to the sprinRline and that this zone can be treated as a portion of
a long cylindrical ahzill. Evjatlien. of contLnuity for deflection and

rotation are written such that tz1 values of H0 and Q at the upringline
=ay be found. The distribution of the zxment and shear it.to the dome
and the cylinder are then found by substituting HM and Q0 into Eqs.
3.1.12 and 3.1.13.

3.1.4 BASE •AT LOADS

The beam shears and moments in the base call can be calculated by considering
the loads shown acting on a l'-O wide bea. The -'t) strip of mat
to be considered is located at the point where che uplift frcM the
overturning vi.zent in the contaiment due to earthquake Is maxinum.
This gives the maximum moments and shears in the strip.

The loads considered as shown in Figure 3.3 are

UT a P + + TV - in k/ft (3.1.16)

where:

P - design basis loss-of-coolant accident pressure effect load
in the wall in k/ft of wall

TEQ -Wtle tensile load k/ft of wall aeveloped by the earthquake
overturning moment

TV w the effective tensile load or reduction of dead load in k/ft
of wall ceised by response of the contaliment structure to
vertical .arthquake Potion.

TDL - tho dead load in the w*ll in k/ft
H - base discontinuity morment defined In Section 3.1.3
V3  - base discontinuity shear defined in Section 3.1.3U
D - the dead weight of the base mat on the opitside of containment

cylindrical wall center line in k/ft
C t the reaction of the Intcrnal structural support columns wnich are based

on the 3'-0 reinfort-td concrete fill mat; in all cases equal to
50 K spaced e"ery 23'-0
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- average dead weight of the backfill on top of the 1'-0 ledge

v 1 12 p + ý-& the effective aniforn load act!ns on a 1' vi.d segment
122

of tte ba-:.e slab per inch of seluent letx$th

vherce p - the containment internal pressure in kips/in

3 M SMt3
c - the density of reinforced concrete in 11ft -t 50|/£t

z - tbt total depth of section including the 3'-0 fill slab.

The crane wall reaction in k/ft is deterzined by

Ri - Dc + D + P (3.1.17)
C 0 c

where:

Dc W Ot H; or the dead weight of the crane wall In k/ft

t - the thickness of the crane wall - 3.0 ft.

H - the height of the crane wall - 50.0 ft.

D - R or the approximare dead weight of the operating floor in
o 3t R2 k/ft.

R It Lhe outside radius of the operating floor 53'-0

R 2 -the mean radius of the crane wall

51'-6

t 2 t he thickness o: the operating floor - 2' - 0

P 2 12 Pt I or the pressure load acting oa the top of the crane waU

with t, given In inches

•Ments and shears are calculated by writing equations for mment and

shear in terns of x us the origin, with x Increasing tirard the center

of the containment buil.ding and x measured In inches.

II
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The forwulas are as follows:

For 0 < x -c 201

V x U- D - 2C* - E -x

* - Chen x > 20

- Cvhen x < 20

with V. -ssumed constant and equal to the volume of Vx at 201 inches

for the region under the crane wall 201 cx Q237.

P,*r x > 237

Vx - UT- D- C- v(201) - R- C - v(x-237) - E

or

Vx - UT- 2C- D- R- vx+ 36w- F

vhere:

(3.1.18) j

(3-. 1. 19) j

(3.1.20)

0 Vx - uplift shear at any point x (inches) in k/ft

Equation 3.J.10 is considered applicable until V c 0.

The design moment in the base slab Is deterained for 0 < x c 201

v2
H + V'ue + D(x + 19.5) -r -'-+ C(x - 27) - UT x + E(x + 33) (3.1.21)

with H x assumed constant and equal to the value of N( at 201 inches for the

region under the cranc vall 201 < x c 237.

For x z 237
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% - H + V' e + D(x *- 19.5) -- v>2 )l)(x - 105.5) + C(X-27) + 8(x + 33) 4
+ C(% - 201) + K-219) + W~ 237 (3.1.22)

or
I

Hu + e + Dx +19.5) +W(1/2 x2 - 36x+ 6850) + 2CX - 228C•€ U U

+ R(x - 219) - Rix

where:

e - the effective depth of the 9'-0 base mat divided by 2 and
Hx- the base ommnt at any point x (inches) in in-k/ft

(3.1.23)

At the point where V x c 0 flexural beam action is no loneger conaidered

since upll't is 0 and the amt sets as a flat circular plate supported on

a rlgid non-yiAling foundation.

Again it should ým noted that thss. aximum values for shuar smd oment eCW
at culy one point an the base alab circumference where the upiUft Erom the

horizontal earthquake is wmxi~tm and decreases tc% zero 90* from this poal";
therefore it is cnidered that the calculations shove are cocaervative.

A aradient with an perating temperature of 120F insiide the contairment sod

a 50F temperature at the mat-rock int'-rface wan considered and the stresses

Amterxined are negligible. Accident temperatures have no appreciable effect

the base islab.

3.0-8
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8 N :X M

3.1.5 SXSISIC WAD

W• Horizcotal Zarthquake

The fundamental Crequency and mode *hape in found by use of the M~odiEied
Rayleigh Method as described in reference 2.

The contaiment structure is divided into s&igments and each is loaded at
its centroid with a load equal to ý.he weight of the segaenL (See Figure 3.4).
Using these loads, shears and =oments are calculatend and the H/EI diagram
used -to load a conjugate bern. From the conjugate beam the deflection at
each node including the shear deflection is calculated and nornalized by
setting the maximum deflection equal to 1.0. The fundamental period is
calculated by

T - 2v (Yo E 02d 11/2 (3.1.2.)

where:

0 Yo - max. deflection at the top of containment in inches
- normalized deflection at u point

d= - equivalent 1nad equal to weight of structure represented at node
g - 386 in/sec2

T - pariod in seconds

Using this period and the responge spectral acceleration curve with 22
critical damping a coefficent of spectral acceleration of 0.24S is obtained. j
Multiplying this cc-efficient by the total mass of the structure yields the
base shear on the structure equal to 13.5 k/in2 .

This base shear is assumed distributed up the structure by

F Wrhr V (3.1.25)

WWh
r r
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Wt,,ro:

Fr - horizontal force at node r (See Figure 3.,4 f"- locations)

W r weilht concentrated ar aw.-is r
h:r 'height of mass r above !I A base

V -total base shear

The nhear at any section of the cylinder Is determined by

V1 -E F ri (3.1.26)

where*:

V - the seisuit shear at point I

F the horizontal inertial force at r nodes above elevation i

The loads at the nodes are used to calculate the smomnta and displacemants

at various points in the structure.

Figures 3.5 and 3.6 sho the base seisulc shear and certurng momut dis-

tribution as a fitaction of height of wall.

In order to evaluate the aaxwimi shear In the structure the effect of the

backfill being accelarat"d against the structure wains vestigated:

Case I - Backfill forces act:UA opposite to inertal forces oC structure

a) 1.25 (factore.. load) Passive pressure of soil. Mass rf soil in

envelope of shear failure accelerated at .lOA x 1.25.

b) Passive pressure of Soil. Mass of soil in ervelope of ahoar failure

accelerated at .15g.

3.0-10 0
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Case 11 - aack.ill forces acting In same direction " inertial forces

a) 1.25 (factored load) Active pressure of soil. Mass of soil in

envelope of shear failure accelerated at .10g x 1.25

b) Active pressure of soil. Has6 of soil in envelope of shear failure

accelerated at .15g.

By adding these forces in the region of backfill to the distributed base shears

from above and calculating mmoents shears and displacements it was found that

case 1a) governtd in the base area of contaiment for shear considerations.

The shear flow is determined by consideration of a hollow ring with a total

thickness of 2t.

VQ

Sf n I
I(3.1.27)

where:

0 S - Shear flow in the wall

Vs - Shear at zhe elevation under investigation as deteriined by

(Eq3.1.14) or the backfill effects, whiever is larger, in

k/f t.

Q -2 V 2 ydA0 d

y w Distance from element under consideration to the neutral axib of

the circular tube cross section or R sin 0

R - Radius of cc-ntainment in inches

0 - angle from neutral axis to the element under consideration in radians

dA a The area of the element under consideration or RtdO
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t - The thickness of the containment shell in in=hes

I -HMoent of inertia of section about neutral axis in in. 4

Vertical Earthquake:

The period is calculated by

T rK (3.1.28)

vhere:

H = Total mass of structure k-sec 2/ft

K - Stiffness of structure k/in

Using this period and the response spectral acceleration curve wiLh 22 critical

damping a coefficient of spectral acceleration of 0.13Z (1.OE) it obtained.

Multiplying this coefficient by the total mass of the structure yields the

vertical earthquake reaction in k/ft of vall.

T k N (3.1.29)

Tv 2wR

vhere:

k - coefficient of seisaic acceleration in the vertical direction;

(.13g for 1.OE'), (.06% Zor 1.25E)
Mi -mass of containment shell above point i in kips/S of wall

R - radius of czntainr•ut in feet

Uplift from the Horizontal Earthquake:

The horizontal inertial force on the containment structure produce overturning

uavaent8 which in turn produce tension on one side of the containment ad

compreusirn on the other side In the diractiln of the earthy~uske. These

forces per foot of wall section are computed by dividing the overturnin$

noee•t on the section, considering the containmtnt a cantilever bea, by the

maesn. of inertia of the containment as a hollow cylinder. Since the

Supplernnt 9.3.o-12 5o70



concrete shell is aeumed cracked end in tension under thA loss-of-coolant

accident pretsure condition, only the area of the contairaent vertical

robar and lino.- are considered in determtIn the moment of inertia. I
The sof Alc overturning moment above a point I about point I is determined:

H1  
7 1r hfr (3.1.30)

vhere:

hr - The distance from the location oi forces Firo the pint i

Fir - The horitontal Iviertial forces on cbe r segmento above point i

The nomen.t of inertia in computed by

I -V t I rI (A hollow circular ring) (3.1.31)

where:

tI equivalent thickness of vertical reinforcing steel, including liner

in sq. in. per inch of wall

r - mean zadlus of contairment In inches

and i" I (3.1.32)
'EQ I

where:

T EQ vertical force In k/In Induced in the contaiment wall by the

saanaic overturning aosent

C - distance froe neutral axis to outermost fiber of containment

cross sectIon.
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3.1.6 TE. MWtIRE EFFECT LOADS

An increase in internal temperature caused by n loss-of-coolant accident
has been considered. The uaximum temperatures, which do not occer at the

aswe time as the maxiaum pressures, related to the design (P)..1L.25P and
1.5? cases 4re 247"F. 285"F and 306*F rejpectively. This increase in
temperature causes compressive forces in the restrained liner which in
turn induces tensile stre3ses into the re-bar. The equivalent force
induced in the containment wall in determined;

F M B-'t (3.1.33)
- A - S

where:

Fc - the equivalent tensile load inttfced in concrete coutairnent xbol
by the attempted expansion of the liner

E.M- final compressive strain in the liner after pressure and ta
conditions and elastic relaxation of the concrete shall have Nem
considared

E - modulus of elasticity for the liner steel

In addition to the liner temperature effect on the containmeat shell the
effect of operating thermal gradients through the wall have been considered
in analysis of the containment as shown in Section 3.2.5.

The effect of accident therrial gradients has been investigated and found
to p4anetrate less than 10 percenc of the containzent wall thickness during
the maximum temperature-pressure transient following a loss-of-coolant
accident. For this reason the accident temperature transient thermal
grad 4ent effect has not been considered in design analysis.

5.0-14
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3.1.7 3WIND LOAD

The wind load will be determinedd by considering a conservative wind pressure
of 30 psf for ground level up as stipulated in the state building and construetio
code for the state of New York.

The forces due to the wind loading are given by

Vs " P A.& 1 (3.1.34)

where:

Vi
P1
Ai

- the wid shear at point i

- the wind pressure of 30 psf

- the projection, perpendicular to the direction of the wind, of the

area of containment above the point i

and

Hi M PI Ai L (3.1.35)

where:

Mi - overturning moment about point i determined from the wind load

L - the moment arm

i to point i

In all cases the magnitude

seismic loads therefore no

The magnitude of the shear

shown in Containment Liner

from the centroid of the projected area above point

of the design .rind loads will be less than the

stresses will be calculated.

load and overturning moment from design wind is

Report, Appendix C of the FSAR9 Table 11-3.1.
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3.1.8 LOAD COMBINATIONS

The loads discussed above were combined to design the containment structure

as given in Section 2.1.12.

3.2.0 GENERAL STRESS/STRAIN FORNULA

3.2.1 DEAD LOAD STRESS

TDLi

AT D when overall effect is tension (3.2.1)

o - -fTDL when overall effect is compression (3.2.2)i Ac

where:

A - area of vertical steel or hoop including liner, per foot of wallSi 0
A - area of concrete per foot of wallci

T DLi- dead load as defined in Section 3.1.1

3.2.2 DESIGN BASIS ACCIDENT PRESSURE LOAD STRESS

p (3.2.3)A
s

where:

A u area of vcrtical steel or hoops, including liner, per foot of wall

P - pressure induced membrane force per foot of wall

3.0-16 0
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3.2.3 DISCONTINUITY MOMENTS AND SHEAR LOAD STRESSES

The stresses induced in the containment shell wall from the discontinuity

moment is calculated by considering formula (16-1) of the ACI 318-63 Code

Ultimate Strength Design.

H As fs (d - ) (3.2.4)

H (3.2.5)
fs A (d - a/2)

where:

&s fy
• .85 f' b

C

(3.2.6)

and

A - area of steel on the tension side of the containment wall in
1l in 2/f t

f - stress ia the steel in k/in2

f - yield strength of the steel in k/in2
y

ft
Cb

d

M

- 3000 psi 28 day design compressive stress of

- width of cross section: in all cases assumed

- effective depth of cross section in inches -

- resisting moment in inch-kips per foot. The

nuber is Figure A-2. This in less than the

since f <f
8 y

concrete in k/in2

equal to 12"

45"

basis for this

ultimate moment

The stress in the stirrups Is computed f'rom Equation

318-63 Code - Ultimate Strength Design.

3.0-17
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I

A V s (3.2.7)V F d (Sin a + Cos a)

S

f MV (3.2.8)
8 A d (sin a + Coo a)V

wheres

A - total area of deb reinforcement in tension within a distance, s,V

measured in a direction parallel to the longitudinal reinforcement

in in 2
I

V - total shear to be carried by web reinforcement in kips

a - spacing of stirrups or bent bars in a direction parallel to the
lcngitudinal reinforcement in iaches

P - stress in the stirrups in k/in2
s

d - effective depth of cross section in inches - 45"
a -angle between inclined web bars and longitudinal axis of

member - 450 I

3.2.4 Base Mat Stress

Stress from the moment is calculated by considering formula (16-1) of tho
ACI-318-63 code ultimate strength design as shown in Eq. 3.2.4, 3.2.5 and
3.2.6.

where:

As - area of steel on the ter.sion face of the containment base slab
in in 2ft

f - stress in the steel in k/in2

f 3000 psi 28 day dealer compressive stress of concrete in k/in

b - width of cross section - in all cases assumed equal to 12"
d - effective depth of cross section in inches - 100"

H - resisting moment in inch - kips per foot
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Stress from the uplift shear Im computed from Eq. (17-6) of the ACI-318-63

code as shown In Equations 3.2.7 and 3.2.8.

where

I

Ivia V - VC (3.2.9)

where:

(3.2.10)
V - total she.r

Vc - vcbd

and

v - the allowable concrete shear streas or 20V f-- 93k/in2

- capacity reduction factor - .85

f - stress in the stirrups in /io2

a - angle btswen inclined web bars Amd longitudinal axis oi

member a 45*

- width of the section - 12 inches

d - effective depth of the cross sectiomi- 100"

Additional

spacing of

web reinforcement was also provided on the basis of & minimum

a equal to 0.75d.

Bond strecoes in the stirrups are computed by considering the formula

Acfo

co L
(3.2.11)

where:

- the bond stress in k/in2

co s•m oaf perimeters of all effective bars crossing the section

on the tension side.

L - the anchorage length above or below the mid height of the mat. No

credit is taken for additional anchorage provided by the bend in

the bar.
0

3.0-19 Supplement 9
5/70



The allowa'!Ie bond stress for tension bars with deformations conform-ng tu

ASTH A408 and other than top bars is 4

I 1A w (.8) (64'T1) (3.2.12)

where

PA = the allowable bond stress in k/in 2

.8 is the factor allowed by the ACI-318-61 ultimate

strength design code for anchorage bond.

3,2.5 SEISMIC LOAD STRESS

Horizohtal or Vertical Earthquake Effects

LoadA

a

Load
A

c

(For overall tension)

(For overall compression)

(3.2.23)

4(3.2.14)

where:

A8

A
C

Load

- area of verticil steel, including lip-se, per foot of sthll

- area of concrete per foot of shell

- force per foot of shell resultLn3 from dead load response o

vertical earthquake acceleration or overturning moment Inducad

vertical load.

The basic assumptions considered in the seismic analysis are:

1) Maximum 3treas In the salemic reinforcing occurs under the action of

seismic shear at 90* points from the direction of seismic motion.

2) The liner doee not participate in resisting seismic shear.
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3) The stress limitations on intersection bars under the combinati.n of

pressure plus earthquake shear in one bar may reach 95% of yield and

the opposing bar may relieve. stress to 0 kIsi. Under this consideration

only half of th-a seismic diagonal steel is considered active in resisting

earthquake shear at any given instant.

Thus the stress can be calculated by considering the shear flow in the wall

being resisted by diagonal bars ir a hollow ring.

A, 5~f (1.414) (3.2.15)

f S f (1.414) (3.2.16)
s 2AS 2A s

where:

A -area of diagonal steel per foot, in one direction, measured along

0 A a horizontal plane

f - stress in the steel in k/in2

S f O- e shear flow as determined from Equation 3.1.26

The 1.414 take the 45* angle of inclination of the diagonal bars into

account.

3.2.6 TEMPERATURE EFFECT STRESSES

As discussed in Section 3.1.6 temperature considerations must involve

both temperature gradient and the interaction effects of the liner on

the containment shell. The following development for interaction takes

both of these phenomena into account.
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Temperature effects as shown in Figure 3.7 are combined with deadload,

pressure, and earthquake uplifts in the folloawing manner.

Due to the redistribution of streoses in the rebar, the reinforcing steel

is considered to carry an equal amount of tension which must balance the

compression in the liner to satisfy ZFX=O.

To satisfy equilibrium conditions:

a

FLiner 0 FWall
(3.2.17)

ALCTL E - - As cTL,E

A ETL + v c
AL , --- x .. . E - A E,' 2 a CTL'

A• CTLx + P CTLy

I12
(3.2.18)

S

I
The 2nd condition which must be satisfied is the deformation compatibility

C TU + CAT =CTLO + cT (3.2.19)

AL C,TLx + P CTLy
CTLx CAT T A s 1- 2

Let -c -M Cx T AT

I AL (1-
AL U CTL7

x AS 1 - 2
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Cx

CTLx 1 + AL

A 2)
A S 1 2) + 1.

AL

(3.2.20)

Let P - .25

I
£
C

TLx 1 + 1.067 AL

AS

C

CTLy 1 + 1.067 AL

AS

.25 £TLY
(3.2.21).9375 AL

.25 CTLx

.9375 AS + 1 (3.2.22)

To solve Eq. 3.2.18 for the

solve Eq. 3.2.21 and 3.2.22

CTLy into Eq. 3.2.18.

strain in the rebar induced by liner compression

simultaneously and insert values for £TLx and

The definitions of the terms used in the above derivations are:

CT - strain in the rebar induced by the dead load, pressure and
uplift from horizontal and vertical earthquakes.

£TL

CTL

Pi

Uinal strain in liner causing stress or the restrained portion

of the potential strain of the liner due to the temperature

increase (X OR Y direction)

m strain in rebar from stress induced by liner compression.

(X OR Y direction)

- poissons Ratio - .25

______________________________________ ___________ .- -,.......

3.0-23 Supplement 9

5/70



A area of liner ~

A W area of rebar in in 2 /ft

E a the modulus of elasticity v. steel when the section is in tension

(CT + CTL', >_0) and modulus of elasticity of concrete when the
section is in compression (cT + £TL <_0). All preceeding
developments are for the section in tension since this will
yield the maximum rebar stress.

rAT the strain In the liner if unrestrained growth were
allowed oc a AT

where:

- coefficient of thermal expansion in inch/inch/degree F

AT - the difference in temperature between the accidenc temperature
felt by the liner and the temperature of the neutral surface
(or the point through the wall where no t -- mal stress exists
because of a thermal gradient through the wall).

The gradient is assauued linear with the inside temperature equal to the
operating temperature of 120OF and the outside surface temperature oi OF.

AT can be considered in two steps

ATgradient - 1200 - Tneutral surface

AT interaction " T ax - 1200

This shows the contribution of both the gradient and interaction effects

The effect of accident temperatures on thermal gradients has not been
considerud since analysis has shown only 10 percent of the wall located
on the inner face of the containment sees any change of thermal gradient

II
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MEO--MME , 1 _

during the i)rtHiure phate of tht. L',-ldInt. In nctuahlty the HtresveH

Indutcud by thenntl groadientu in the rtncrecte niho 1 sre Heeondary III
nuture and are largely relieved by the shell cracking under design

accident pressure load conditions. For conservat4 .sm however the operating

temperature gradient vas included in the stress analysis.

The location and temperature at the neutral surface as shown in

Figure 3.8 is found by equating tension on the outside of the neutral

surface to compression on the inside assuming the concrete carries no

tension. This development of thermal stresses in the rebar is based on
(4)the method presented in ACI chimney code

The total compressive force is equal to

1/2 L k2 t Tx Fc + L k Tx EAL + L (k - o9 )TxEsAs (3.2.23)
b, b

+ L (k- 38) TxEsAa

b

and the total tensile force is equal to

s T x " A6 - 2 k) (3.2.24)

When equating total tension to total compression the result is the following

k2 + 2k ntL + 2n As (k - 3) (3.2.25)

bt

where:

k W distance from the liner to the neutral surface divided by the

total thickness of the wall

b - re-bar spacing in inches

c

3.0-25 Supplement 9
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t

a

- total vall thickness

S litner thickness Zn inches

o distance from the liner to the rebar under cnansideration divided

by the total th$Skswss of the wall

The temperature at the neutrl surface - (1 - k) AT1
(3.2.26)

where: AT 1 1200 - 0* - 120*

To 4et the final stress In t02 :ebar due tv- temperature

a - Co + C ,) (3.2.27)

Supplawnt 6
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3.3.0 3..0DEMLItM AN4ALYSIS OF ONTAIRZIMNT AT RPRESENTAT1VE DWCAT10IM

In order to perform a specific coamarfoan betwen actual atress-straix,

levels and Uaniting behavior criteria several representative Pointe on

the coatainuent shell to Include the base, cylinder and doe are

selected for analysis. The selected points are show.n in Figure 3.11

and described in Sections 3.3 through 3.3.8. Detailed tabulation of

design loalz for the eight points listed are found in Section 3.3.9

with the rusultant stresse, and allowable stress criteria preseated

in Section 3.3.10. The detailed detertination of the loads and

strisses shorn ik, Sections 3.3.9 and 3.3.10 are bahe3 on the equartons

given in Sections 3.1 and 3.2. The actual calculations are in the

files of United Engineers and Con-tructors, Inc., Philadelphia,

Pennsylvania.

3.3.1 POLNiT I.

Point1 Il located In the base cat at a point adj,.cent to the .utside

face of the crane un~l in a region of negligible uplift., where the cat

begins to act a. * flat c0rcular plate supported an a rigid non-

yielding fc%ndatlan, Pnd high positive = t, point I is located at

coordinates H - 53 ft, V - 43 ft.

3.3.2 POINiT 2

Point 2 is located in %e base =Et near the containneont wln in a

region of high utli.t ind negative mocent adjacent to the noacUe of the

liner. Point 2 is located at coordinates H - 17 ft & V - 43 ft.

3.3.3 P0Ih- 3

Point 3 is located La -he cylindrical portion of the cc-atai•_ent shell

in a region of very high negative discontinuity zoncet at a point

adjaient to the knuckle at the cylinder-base cat Junction utich is

Insulated against any thermal eifects. It is located at coordinates

H - 67.S ft V - 45.7 ft.

3.0-27 Supplement 6
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3.3.4 MINT 4

Pr~nt 4 is located in the cylindrical portion of the containment shell

In * region of relatively high positive diacentinuity aceent adjacent

to the cut iff point for liner Insulation at coordinates H = 67.5 ft

and V - 64 ft.

3.3.5 POIN 5.

Point 5 is located in the cy)$ndrical portion of the containment shell,

abh--t half wy between the base =t and the spring liLe, L% a region of

ve-brane stresses only at .aordlnatex R - 67.5 ft; V n 117 ft.

3.3.6 POIN r 6

Point 6 is located in the cylindrAcal po,-tlon of the containvn. t shell

at a point just belowi the *pr!ino line. It is an area of mesbrwne st•u-ss

valy since the discontinuity effects at the spring line are Instgni-

ficant bzcause the deflr--tln of the . - and cylinder are essentially

equal due to the changing steel areas. It is located at coordint-ses

H - 67.5 ft and V - 191.0 ft.

3.3.7 PO INT 7

Point 7 is located .a the dcoe portion of the contalnmcnt shell at

a poirc Just above the spring line. It in an area of renbrzne stress

only since the discontinuity effects at the spring line are tInignificant

because the deflecticn of the doea and cylinder are essentialiy equal

due to the changing steel areas. Point 7 is located at coordintes

H - 67.5 ft and V- 191.0 + ft.

3.0-28 Supplaent 6
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3.3.8 pourT 8

Poutu 8 Is located In the dome porticm of the containment shell at a

point apprxainaaely defined by a 30* arc fron the s.pricg line In a

rqalam of senbrae straeses only. The saisoic bar* are terminated at

this poWnt and •aisuc shear is restated by a cosb1=ticn of i•ner. domel

Ah•tou and eggrezatz Interlock. Point i is locatd at a'otdinstes H - 57.8

ft and V - 225.8 ft.

3.3.9 SU(AIX OF MNTAUR1EW DMSG:H LOADINCS

In this St=crou are presemt" two tables relative to the Jesign

Points 1 through 8 shova In Figura 3,9. In Table 3.1 is *hovn the

.ate-lal and section properties rel.-tive to the eiht dasipi points

seleited while Table 3.2 ahoys the rcsultant loads for the points

sel.eted uhich iaere, dzveaped ftcm the equat ions given in Sect'ion.3.1 for the Ic"d factovs and ecaabtnatiana presentad In Section

2.1.12.

upplement 6
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WOD TA=L 3.2

Ljr TeOS. Toap. ?rea~ure Preesure Dcue. Disc. Disc. Disc. Saismtc .UplttC upglic satmic Sher

Tog. at chanle wboo load Maomnt Moment: She Shear Overturn- fcs from Shoar flow

WoU Neutral coufL"; War at the at the In$ Overturn- Vertical

&&Abr $Wvsfce st•ess stress Base I.8 Nount in& tarcth

Stre8 In Liter Is 0 
Koaut quake

I La Mai •ls• vo sky

1"j vlDead 1a"Usm T' AT 2 No ru 
Tell S

tie Loa T -Cor) (o) (r) PC#In 2 ) (kilt) (k-a/flt)(k-Ilft)) (kit) (ki/t) (k.16) (klfr) (kOf") (k) (k/IA)

S 3.26 300 - - 7n.5 354 14.530 9.740 t57 127.0 0 0 0 0 0

114 300 87 213 70.5 354 14.530 2790 157 4,2 0 0 0 0 0

1 55 300 92 208 70.5 354 14,530 L57 0 0 0 0 0

6 33 ¶0 92 Ms6 70.5 354 0 0 0 0 0

7 300 94 206 70.S 354 0 0 0 0 0

J~ s • 00 . 3 0 70.5 •.O00 0 0 0 0

c - 1.0 D .10.05 o t + 1.5 F + 1.0 (T• TO)

vertical

ova)

lA•

3-

rI
0•



UpI~ft
pressurae

Poeitiion Load

(kite)

1 237

2 237

Upliftf tofgoe
OverturnICA

14S~n

l1S

145

uplift(froe

it .t,
18(4) I

to

DeCdLoad

I

121

IA/..i TAIL!

TotAl

Uplift

U

(lift)

2711

3.2
Diet.

IHoeeu

'I
(1L-1~It1)

Shear

VIU(kil•)

(5)

105

105

Doss Vt.of Outer
asee wa:

U

6.35

Colum 7fe1411t whouReaction vabar Stress Is
a ,laxI'.m

C(klft)
(101

2.11

2.17

47

47
MI, 272 9100

ifif

04tfor"

Iss

(kltalft)
-W _ (0 2)~__

1 .114

2 .714

Dead Vt.
of the
Craoce
Wail

D

02.0

22.3

Dead •t.of the
Operatint
Floor

D
(l1it)

4.2

6.2

tweassreLoad on
Top of

CraneWall

20.3

20.*3

TotalCrane

valInaction

(16)

31

TotalSheat

V
(kilt)

(117)

117

Total AIovW'7.tKowent Shear
Stress
Is Co•:.

(10kl ) (19ln)

6,799 .093

0 1

ShearTaken
by
Co•c.

flift)

111.5

111.5

Tota&Shear
Carried
by Stirrups

v

(20-

5.5

127.45

COAre.

If(kilt)

'3

51 238.95

C . 1.0 0 ; 0.05 0+ 1.0 • + 1.0 WT" + 1) + I.

)

6 tj



0 S

LOAD TAILE 3.2

Total Disc. Disc.
Uplift macant Shear

0

Uplift
Preesure

?osition Load

p

1 2984

Cplifc
from
Overturning
Mment

Wit)

121

up1lt•
fron
Vertical
Earthquak*
T

11 C

Load

128

(Ltf:)

303

x
(L-10/9e)
(7)

12,180

Vem

(kilt)

131

Dead Wt.
of OuterBast mat

D
(k/ft)

4.38

Colunn Frassurn When
RehCtion Robar $tress LU

& .%AzIMM

C
(k/et)

2.17

F 2

2 298 121 11 128 302 :2,1O 13) 4.31 2.17

COMMT1ND

Lii

Vol form
lead on
gaso

Fositica Hat

W
(k/i./8t)

S1 .18,5

2 .158

Dead Vt.
of the
Crane
vall

D(flit)

(13)

22.5

22,5

Dead Uc.
of the
Operating
Floor

0

8.2

Pressure
Load an
Top of
Crane
wall

(15)

25.5

25.5

Total
craneVail
Reaction

a

(16)

56.2

56°2

ToesI
Shear

v
(kilt)

920

2"

Total Allowsble
Y~nt Shear

straas
In Conc.

m
(in-k/f t)

-22,573

9,678

Wfin)

.093

.093

Shea r
taken
by
Coac.

V
(/f/t)

AN0)
111.5

Ill,•

Total
Shear

by Surrups

(21)

8l.5

152.7

ead Vt*.
trm

ackf All

z
(k/lt)

3

C- l.O D±.0.05 0 + 1.25 P4 1.0 (1' +?!. +1.25 !
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W.D &ALE&L 3.2

Uplift
Pressure

Position L"a

(kilt)
((2)

uplift uplift
from f oo
Overturulng Vercical
Moment Earthuake

(3)()

DeVd
Load

T1
(Oft)

Tocal Disc. Dlvc.
Uplift .AeMct Shear

(I/ri)uL
M
(7)

Vtkt(kit)

Dead Vc.of Outer
UasO rAt

0
(k/it)

4.33

Coli•".a PLIAsure It"Ou
KeacticK Wtar Sttiss is

a )rAzMAG

C
Wkit)
(10)

2.17

2.17 70.5

1

2
34

354

0

0

0

U

128 226 14.530 157

12I 226 14,53 157

COPM&DUW

Uniform
L,•d oa

ei:tt1e Xat

(kilnlft)

Deo LUt.
of tce
Crane

./ict)
W)

22.3

Dead Vt.
of the
Operating
Floor

D
(li.t)
(14)

Pressure
Load On
Top of
Craneustl

I•
(flit)
JML.

Total
Crane
Vail
Reactiod

Tot41 Ttal
Shear Hmoent

a v Ms
(kilt) (k/it) (n-k/ic)
(16) (11 D3)

Allovabla
Shoar
Stress
In Couc.

uln 2)

.03

.023

by
Cone.

Total

Car- ed
by Itlrcups

D•Ad lit.

BAckfill

V

1.5L-

11.1.5

i
Wkit)

3.2 30.4

8.2 30.4

61.I

61.1

18.16 -924

183.56 16,103

0

72

3

32 22.)

C - 1.0 0 + 0.05 D +1.5 r + 1.0 (T + TL) * lwtcatss teuain Go the bottom
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WOAD TALE 3,2

LWer Teap. Ti,;.
Temp. at change
wben Xtutrsl causinl
Igbar Surface 5 Ccea
screov in Liner
Is a

Pool- Dead Xaxuu T, aT
clon Load T-(OV) (or) (T

T (k/fe)

*3 - 300 - -

4 0 3CO 87 213

S 0 300 87 213

6 55 300 87 213

7 35 300 95 205

8 6 300 97 203

A Polat 3 s alsost fully restrained
and the horLsontal farces will
Le nalgag f.anC

Pressure Prosauro Disc.
wh~en
Rebar

Is a
eaLxico

70.5

70.5

70,5

70.5

70.5

70.5

Load Mouent
&C the
Bud

Disc. Disc. Disc. leis-tc
moment Shear Shear Overturn-

at the Ins
Base Houent

r

708

705

708

354

350

(k-tn/fO)(k-In/ft) (kilt)

0 0 0

C 0 0

0 0 0

0 0 0

0 0 0

0 0 0

V'U
(klf 0

(11)

0

0

0

0

0

0

0

0

UpltAc Uplift
froe I.On
Ovarturn- Vertical
In& Earth-
Mount 04U41

Tsq T
(k/it) (khtt)

(13) (14)

o o

o 0

0 0

0 0

0 0

o 0

S&iCtic Shear
Shear Floy

V8
Ci)

(15)

0

0

0

0

0

0

shy

0

0

0

0

i
IA

.9

C - 1.0 0 + 0.05 D # 1.5

aorizontal

F + 1.0 (T + TO)

%J 00



Litsr Tem?.
Tamp. at
wbea Xeutral.
&ibar Surface
Stress

T487.
chatge
Causing

in Liner

Pressure ?ro-sure
vt,g• L~aJ

su a

?(leLn2 ) Clft)

Disc.
manet
Ac hea

LO"D TABLE 3.2

Disc, Disc.
• oaeat %hear

Mus Shuro
aL the
same

Disc. Setfmio ;-'."t upilit
Shear Overtur.- !::- frog

lft a-m-tUrv- Vertical
h1aenuem Fzrcb-

U--=t quka.

Vu -.4, T

.ýlt) (12) - VI) (147e)

5CISIa ShOar
Shear Flov

Va ShY

0r) (kWln)

MY) (06)

rost- Dead )aximm Z AT
ciln Load T-(oT) (or) (or)

T , (kft')
(1)AL~ -" tb Q _(

no H( q
(k-ila/f) (k-nflic) (k/l?)

(6) (7) (a) (9) qgý

3

4

6

7

a

126

114

55

33

33

22

278

278

278

278

278

2711

- - 39

57 191 59

92 186 59

298

295

295

298

298

293

12,180

12,180

12,1,0

8,150
2,340

0

131 106.0 27.8Sxl2

131 3.5 24.0021C6

131 0 14.101106

- 0 3.671•56

0 3,67z10

- 0 1.011O16

A.,

is
13

13

11

t0

7

3

3

2. 701o 4

z .awa*o
1.40~10t

070x.Le

J 70110
.30x~104

20.50

13.69

10.62

5.U1

2.S3

92

94

91

186

187

59

59

59

- 0

- 0
- O

I-A

02

5 2

C - 1.0 D + 0.050 A 1.2$ P 4 1.0 (T + TLI') + 1.25 E

Vertical

•CA
a.l. €

00
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0 S 0

Liner *crop.
Usip. at

¢en Nieutral
lobar Surface
Stress
Lsa

posi- Dead P•MAMuc T'

Uon L44a T-(7) ('r)
T- k/ft )

3 - 278 -

4 0 2718 87

lomp.
change
cAusinx

Stroew
In Liner

AT

191
191
191

183

181

Pressure, Piesaurm
VI.oen L-ad
lobar

Stress
In a

PP~w

2WI/t10 (k/ft)

(6) (7)

59

59 596

Dl•:.

HaX:nt
at the
mase

WOAD TABLE 3.2

Disc. ODi%..

mment Shear
at the
3ase

(k-in/ft)(k-Wn/ft) (kilt)

C(9) (19)

0 0

0 0 0

Disc. Seismic Uplift Uplifc
SPear Overturn- fro& ftc.

In$ Overcurn- Vercical
Moment Ing Earth-

)me•nt quake

Yu Toq T(k/ft) OC-in) Wf/t) (kYft)

_ýL, LL_. _.(121_(.._.14

0 0 0 0

o 0 0 0

Selaeis c Shear
Shear n1ow

3

6

7

8

0

35

35

6

278

278

278

278

87

87

95

97

59

59

59

59

596

596

298

293

0

0

0

0

0

0

0

0

0

0
0

0

0

0

0

0
0

0

0

0

0

0

0

VA
00)

0

0

0

0

0

0

ShY
(kila)

0

0

0
0

0

0

Lu
b
g~

C, a 1.0 0 + 0,05 0 + 1,25 P 4 1.0 (f + T!) +. 1.235

)oritzontal

v

)
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WOD TABLE -3.2

Liner Temp. Temp. lrassure Pre-e'O DL,-. DIse. DLsc. Disc. Seismic UpLftC Uplif C 51lmtc Shiat

Temp. at cthane vhan Ltead Meoment •m•ont Shoar Shear Overturn t ugom ron Vhert FioV

men Neutral Causing lobar at the at the 1"5 Overtn- ertical

Saber Surface StrEs Stdss Isle Hass ;,•*a g narth-

Stress In Liner La a tiaSnt qui 
a

Is a )aai m r N C

F.1s5- Dead Waxisum T' 6AT Io ) 0 V'u (eq t fit)

tjor Load T.(Oy) (41) (01) P(9/In2) (kI(c) (k-in/tC)(k-in/It) (hilt ) (kift) (k.Li) (J/Ct) (kftt) (t) (kiln)

3 126 2.9 - 4 AE 237 9,700 6,500 105 M.0 ,3.4IxlO6 143 18 2.50w30 4  19.00

4 11, 239 87 1.32 47 237 9,700 2.60 12~2.8 28.8%106 120 16 2.16x10 16.40

5 85 239 92 147 47 237 9.700 l .S0 0 5 16.Pal06 66 11 L.68x104 12.78

6 33 239 92 147 $,7 237 - 0 - 0 4.4510616 5 .84z10 6.36
4

7 239 9•, 145 47 237 - 0 -MC 4.4106 16 5 *#4xl0 6.35
391 235 - - 0 1.2.,06 6 3 .%7xlO 3.40

• 2 239 91 A&P 4723

C -1.0 D + 0.05 D + 1.0 1.0 " + TV") + 1,0 Z'

Vertical 5

)P

ton

-q'aa0"0



0

Liner Tcp.
Teop. at
vten Keutral
rAbar Surfsce

is •

pom.- Dead ,X.aUa T
tic. Load ?-('r) (of)

I (klft)
21- %) - -(3 (4)

Temp.
Change
r4using
Stream
in Liner

6T
(?r)

Presture Pressure
when ~Load
lab..r
Sterel
Is a
Maximmo

2)

(6) (7)

DISC.
Momeant
at the
sage

LWi TIABLZ 3.2

D0,:. Disc.
Xoa¢&c shear

at Chus
Base

DlSC. SeLWasc Uplift Uplift Seoltoc Shex
Shear Overturn- fcro from Shear Teov

Ho m Q
(k-IAft) (k-.I-'t) (k/?•)
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3.3.10 SMARY OF CO1VAlYI1MNT DESIGN STRESSES COMPARED TO

CRITICAL .TRESS LEVELS

In Table 3.3 is presented the stress resultants for the loads given for

selected *points in Table 3.2 of Section 3.3.9. The Table also presents

a comparison betwesn resultant stress and allowable stress levels.

0
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OtCOMiAI'.SWigT DESIGN STRESSES Co-Tt%=z :: CRITERIA STRESS LZVELS

RE1AR STRESS TAPLr 3.3

lositioc

3
4

S

6

7

8

Dead
Load ?ressi.e
Strain Load

StraLn

3.2) (3)

.164 .461

.155 .483

.186 .777

.079 .854

.072 .772

.0•5 .725

Horlzontal
Earthquaue
tPlift
Strain

Vbrttcal
Ulrm: juawe
Lpllft
sc rAin

(5)

Total
Strain from
Uplift
CT

0

0

0

0

0

0

0

0

0

0

0

0

.297

.328

.591

.775

.700

.680

Strain
f rc--
AT
-W6

(7)

1.386

1.351

1.351

1.339

1.358

:.tal
'train

-CX

1,058"

.760

.576

.639

.688

Total Liner
Strain Cat-
elderIng
Effect of
Horizontal
Strain

(9) . .

.767

.520

.382

.366

.417

Total Vertical
Rbar Strain
from Inter-
action Effects

'EL'
It

.288

.241

.196

.279

.271

Li)

I-'
0
I',

TotaOl
Vertical
Rebar
Strain

CetTLI

T otal
Vertical
Rebar S::a.s
from Upli:
4.90iaZ3
(kWin)
(12)

8.6

17.6

24.1

28.1

28.4

27.0

Vertical
ReWsr Stress
froe
Discontinauity
Yoceni

6.3

0

0

0

Total
Vertical
Rebar
S5tress

(kin 2)
(14)

Allovable Stress
Rebat in
Stress Stirrups

(kWin2) (k/in )
(15) (16)

ALlowable
Stress
in

Stirrups

2CeW
(17)

Stress
In
Diagonal
Bars

Win82

Allavable
Stress in
Diagonal
Bars

(k/in2)
(19)

.616

.832

.971

.979

.951

26.1

24.1

28.1

2b. 4

27.6

5'

54

57

57

57

57

37.8

3.7

0

0

0

0

51

51

51

51

51

51

0

0

0

0

0

0

57

57

57

57

57

r V

rt

hot.stAll Strains x 10-3
To conve rtebar stfa-l-s :o Stress multiply by 292106

* Xo temperature effectr , W' be considers4 since
?oLnt 3 Is in an insuhue: Zr.*

1.0 D + 0.05 D + 1.5 P + 1., (71 + TL)

VertSzal

0 0 a
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EAZ SI7L5 TAWLE 3M3

tosition Dead
Load

Strain

z _L _•_

Pressure
Load
Strain

_A)2. -

Horizontal
Earct-quake
Uplif t
Strain

-(4)-

Vertical
Earthquai.s
Uplift
Strain

Total
Strain from
Uplift

.T

_02.1 - -

Strain
f roe
LT
-CAT

.17).-

1.*240

Toali Liner
Strain Can-
siderins

Total Effect of
Strain Horizontal
-cx strain

-TL27(!X

Total Vrtctcal
lbar Strain
tram Inter-
action Effects

CTLO

go)

3

4

.164 .388

.155 .406

.156

.13

.014

.014

.394

.401 .839 .t02

.An1

.234

.1975 .188 .654

6 .080 .718

7 .072 .650

8 .046 .607

CO%'riD'u

.121 .015 .602 1.209 .607

.031 .007 .676 1.209 .533

.028 .007 .613 1.200 .587

.010 .004 .S7S 1.213 .638

.349 .183

.335 .251

.385 .254

'-3

C.i

I

Total
Vertical
Rebar
Strain

Position I +CTL

Total
Vertical
Rebar Stress
fromn plift
& Int 5 raction
(ki•n)

Vertical
Rebar Stress
froc
Discontinuity

(k;ln )_Q3]2._

Total
Vertical
Rebar
Sicrews

(VA2

Allowabie
Reber
Stress

Wi/in 2

_Q52. -

Stress

SCIrru5

(k/ick)

Allovable
Stress
in
Stirrus

(k/in 2

Stress

Ditooz
Diagonal
Rare

(kWin
2)

(18)

Allovable
Stress in
Diamonal
Bars

Wiin )

3

6

7

A

.635

.799

.859

.864

11.9

18.4

23.2

24.9

25.4

21.2

6.9

0

a

0

0

33.1

25.3

23.2
1
24.9

25,1

26.1

5'

54

57

57

57

57

31.5

3.0'.

0

0

0

0

51

51

51

51

51

51

51.0

,0.6

39.4

J.5.0

35.0

0

57

57

57

57

57

57

lo

.829 24.1

rvI0

0%

-3•ote; All Stracins x 10 1.0 0 + 0.o5 D + 1.25 1.0 C' +Tl') + 1.25 Z

Vertical

aa a
I



loaltion Dead
Load
Strain

3

Pressure
Load
Strain

.623

.949

PEA STRESS TABLE.3

Horizontal Vertical
Earthquake Earthquake
Uplift Uplift
Strain Strain_i _ .5L _

Total Strain
Strain from froma
Presaure AT

J6-cAT

Total
Strain
-cy

.618

.292

4

5

0

0

0

0

0

0

.623

.949

1.241

1.241

6 .060 1.026 0 0 1.086 1.241 .155

7 .083 .707 0 0 .790 1.190 .400

8 .016 .793 0 0 809 1.178 .369

COTllalrUED

Position Total Liner Total Hor- Total Itor- Total Hor- Horizontal Total Hot- Allowable

3

6

7

8

Strain
Considering
Effect of
Vertical
Strain

CTL.

.410

.200

.100

.200

.150

Izontal
Ralbar

Strain from
Interac-
tion
zf fqcts
tTL'y

.212

.087

.058

.212

.23'.

izontal
Rebar
Strain

CT+cTL,1y

.835

1.036

1.11.4

1.002

1.043

izontal
Rebar
Stress from
Pressure
and Inter-
actiO9
wkin)(12:)_

24.2

30.0

33.1.

29*1

30.0

Rebar
Stress
from
Discontin-
in:

..c.3n_

izontal
.ebar

Strisa

(kiln2 ) (k/Ln 2)

Rebar
Stress

0

0

0

0

0

24.2

30.0

33.1

29.1

30.0

57

57

57

57

57

Kate: All Strains x 10-3 1.0 D + 0.05 D + 1.25 P + 1.0 (I'+T71) + 1.25 E

Horizontal

0
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rosition Dead
LoadStrain'

S -

ftaesuraLoad
SStrain

I-E.AX STF.SS ,TANL. 3-.3
HoTiZontflt Vertical

EarthlauakO Eatt'hIqake
Uplift Uplift
Strain Strain

total StrainStrain from from
Premsute •

-€f3UG 6TCT -EAT

_L6)-

1otal,Strain

-CY(S)-

IIL .427

4 0 .496 0 0 023

.756 0 0 .756 .923 .167

6 .815 0 0 .876 .923 .047

7 • .5,2 .0 *6&5 .870 .225

.60 0 .651 .923 .272

Hoiona Tota 

-1r -A--lo-w-able-

yasition Total Liner Total Hor- Total Hot- 7o0al" tlr- Ito1tionial Total Ror- A rlaule

.... - i....r*,d izenta1 izontal Rebar Lzontal 8abar
froL S t r e s s

3

4

6

7

€1

.. Cfect of
Vertical
Strain

-C.TLy

.020

.100

.110

Rebut,Str.a, (troo

tion
Elf;eta

'TLO y

.158

.054

.027

.115

.176

Strain

.654.

.810

.903

. r60

.827

Strean-4 rom

and IntCr-
Action

(I:(in 2

18.9

23.3

26.2

22.0

24.0

from

..2

0

0

0

0

0tsor.ln

Stresn

Ik.',9

23.5

26.2

22.0

19.1

(it/in 2

57

:,I

57

57

57

a

1.0 D + 0.050 + 1.0 p+I.O(E+"TL') + E'

HoriLontal

I
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R STMESS TABLE 3.3

lotal Linar total Tertica.
Strain Coo- Rabar Strain

midarin fro Inter-

orizontal Vert-cal Totil Sttrain Total effect of action Effects

Prosition Dead Pressure Ear~thquake Earthquake Strala from from Strain Bor~zetz~al

Load Load Cpuft Upuf t Uplift hT -Cx Strain

Strain Strain Strain Strain C -cAT -C.

.SL Q!L_ -
(V -3 (6j -- ) -W-

3 .16 .307 .186 .023 .3!2 .-..

4 .155 .323 .165 .022 .353 .988 .635 .456 .176

5 .158 .520 .146 .024 .!Oz .956 .454 .310 .144

4 .0o0 .572 .039 .012 .543 .956 .413 .276 .137

7 .072 .517 .039 .011 .491 .943 .452 .263 .204

8 .046 .488 .012 .006 .460 .962 .502 .304 .1"

c0~ttIUED

I

I

I-I

Total
Vertical

Position lebar
Strain

Total
Vertical
Rebar Stress
from Uplift

Vertical
Rebar Stress
from
Discontinuity

U--..

Total
Vertical
Rebar
Strass

A'lovable
Wnbar

Stress

rx (k/l0") (W/in) (k/in2 ) (k/1n

3 - 10.4 17.0 27.4 54

4 .529 15.3 5.5 20.6 54

5 .646 18.7 0 ) 18.7 57

6 .650 19.7 0 19.7 57

7 .695 20.1 0 20.1 57

8 .659 19.1 0 19.1 57

N~ote: All Strains x 10 -
1.0 D + 0.05 D + 1.0 F +

Stress
In
Stirrups

(kin 2)

25.2

2.4

a

0

0

0

1.0 (T" + TL") + E*

Allovable
Strews
In
Stirrup

ek/in 2

51

51

51

51

51

51

Stress
in
Diagomal
Bars

(k/in
2)

-M~L -

47.2

48.8

47.3

42.0

42.0

0

Allowable
Stress In
Diagonal
Bars

37

57

57

57

57
57

CI

t/s cn

I-.

a?

~0
VertIcal



Soo

700

600

S•oo

400

300

200

-10 -5 0 5 IP

momw 10 3] - IN-VIN
DISC0NTIKUM M = VS. UALL MIGHT

-20 -q1

FIG=J 3.1



800

700

600

50
cn

1-4

4 0

i 300

200

100

-50 0 50 100 150 200

SHEAR x P IN #/IN

DISCONTINUITY SHEAR VS. WALL HEIGHT
(RADIALLY IN IS POSITIVE)

FIGURE 3.2



1 '-0" 4'-6"

UL F-H

UT

I

c c

I

R
w

I I I 4r I I ' ! Ii I
J I I

Iv
U

I T w I 11I, !i
B

I 
I

6'm

-1 2"

E X

3 w

9H-0

"1

C"

LOADS ON CvNTAINKENT BASE MAT

0 0



0

LOTIOOF.OSPRIEG LIN E

LOCATION OF NODE POINTS FOR SEISMIC ANALYSIS

FIGURE 3.4



2600

2050

M 1560

520

00

0 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

.4 .8 1.2 1.6 2.0

SHEAR x 104 KIPS

SEISMIC SHEAR VS. WALL HEIGIr

S
FIGURE 3.5



260,

2080

,.1

.41560-

0 0
~'10401

520

0 10 20 30

HOM•T x 106 K-IN

SEISMIC XQ40ENT VS. WALL HEIGHTI

FIGURE 3.6



STUINi OF LI.NEtR IF
NOT REMAINE
(C;T)

AM.'OU1*T LIME 15
CV.XP.ZSSED (c) 3 FINAL ST•AIN DUE TO ALL

LOADING (-Tl,'

0 0
STRAI?? DUe TO PUSS 7

DFAP LOAD, WD EARTHQUAKE
(cT)

AHOUWNT WALL GROWS

-- I I --

LINER WALL

',

w$

TEPERATURR INTERACT"O, EFFECTS BETW ; LINER AND VALL

A - a a __j



TX

0
OPEUTING TVPM&ATUME GRA&NDItT ThIR4X?

TMCONrTAHMM V-rILL

PIGUVE 3.8



a - 57.8
V - 225.8

67.5
191.0(+)

4-112'
4

9 67.5
v 191.C

H - 67.5
v 117.0

147

- 67.5
V , 64.a

i, *67.5

S45.7.

93
-- I-

I

cCOODt1U.ThS OT P1 O1-S co~s1Im9

F1GM$E 3.9



Ad---"-RM-M

-1W

COXrMDOMHT DESIGN R"P0M

3..*%.0 ZuipMnt Batch and Personel Lock - Boss Desim

There are two large openings in the Indian Point - Unit Nio. 2
Cmtaivnnt Structure. The Personnel Lock is located in the South East
juadranrt with a canter line elevation o£ 83'-6 and an opening si-e of
S'-6 diaeter. The Equipment Hatch is located in the North East quadrant
Of tke CoOtai=mINt uith & center lUne elevation of 101'-6 and opening
sire o! 16'-0 dlnetor. Both of these openings along with their thick-
ened reuiforced concrete bosses ar- located a sufficient distance above
the fixed base oat at El. 43*-0 that all ntwoeats and shears created at
this discontinuity have subat utially dissipated in the hatch area.

Both hatch and lock are constructed of ASMEX 516 GR 60(for•.rly
A201 GUU) steel normali:ed to eert the requirements of AM A300. The
material has been i=pact tested to meet the requirements of Section N331
ef Section III of the A&%( Boiler and Lafired Prossuze Vessel Code.

All reinforcing steel in the cylindrical %ill and the heavily
reinforced batch areas is high - strength deformed bill*r steel bars
coneoraing to AST Des igut.on A432-65 *Spec1• fi-.. .on For Defozued
Billet Steal Bars for Concrete Reinforcement With 60,000 psi Hilnt=
Yield Strength". This steel has a uminimnm tensile strength of 90,000 psi
and a uinimun elongation of 7% in an 8-in. specizmn. Bars No. 14S and
lS are spliced by tho Cadweld process only. The splices used to jrin
these bars are designed to develop %t least 12ý.7 of the =unia yield
point stress of the bar.

TIha plate steel liner inside the cylindrical vall Including the
hatch areas is carbon steel ccnforning to AT Designation A"2-65
Grade 60 "Stmadard Specification for Carbon Steel Plates With Lzproved
Transition Properties". This steel has a =ini-m yield strength of
32,000 psi and a ainicx= tensile strength of 60,000 psi with an elongation
of 22% in an 8-tn. gauge length at failure. The liner material is
tested to assure an hT temperature more than 30OF lower than the
mint== operating tempera wre of the liner caterial. Impact testing vas
done In accordance with Section N,331 af Section IllI of the AM Boiler
and Pressure Vessel Code.

Internal forces and stresses in the concrete containnt *shell were
deterelned for the factored load coobLnations listed in Section 3.4.3.1.
In verifying the ddequacy oE resietance to these factored loads, capacity
reduction factors recoe=anded in ACI 318-63 Building Code Requirements for
R*Lnfr-rced Concrete were applied wherw-appiicabie.

Urder loadings vhich include incident pressure and tmperature, some
local yielding of the liner my occur; however, this has no adverse
strength implications for the conainment wall. Moreover the ductilit7
of the liner fastening studs is sufficient to tolerate local inelastic
buckling without stud failure.

Su-plesent 6
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3.4.1 Introduciton ':cntinuad)

VTuder load combinations 4, 5, and 6 on Page 5 from which the
thermal effects have been deleted, and with thi liner contribution to
strength dLeregarded, calculated rebar stresses do not exceed 0O (where
0 is the capacity reduction factor). L'nder load combination 1 inwblving
a factor not greater than 1.0 on reactor Incident, and with the liner
stress (and te•uperature) accounted for, calculated rebar stresses do
not exceed 0 fy. •nder factored load combinations 2 and 3 involving
a factor greater than 1.0 an reactor incident. and vith the liner (and
temperature loads) accounted for, a Uinited amount of local rebar
yielding is permitted. These criteria guarantee nor only assured resis-
tanca to the active loads but alio ninimize any local inelastic strains
which nay be associated with stress redistribution due to local rebar
yielding.

For further discussion see Section 3.4.4.

The hatch and lock are anchored into reinforced concrete bosses
by aeans of stud anchors. Along the Equipcent Hatch there are 16 rows of
5/8" 0 x 12" long studs with 100 per row around the hatch for a total of
1600 studs. A!ong the Personnel Lock there are 9 rows of 5/8" 0 x 12"
long studs vith 44 per row around the lock for a total of 396 studs. In
the areas adjacent to the penetrations, the liner is thickened to 3/4"
and is anchored into the cocrate by hockod L - anchors of •" P x 9"
long (uinimza Including 2" hook).

The reinforced concrete bosses are thickened to 7'-6 at the Equip-
tunt Hatch and 5'-6 at the Personnel Lock. The bosses have flat outside
faces and a sia..oth transition to the dicansions of the vall beyond the
effects of the discontinuities (see Fig. 9321-L-1559).

The hatch and lock have been designed to withstand the internal
Containment pressure plus operating and earthquake loads associated with
the design accident in accordance with Section iII Subsection B of the
A= Boiler & Pressure Vessel Code - Nuclear Vessels. The anchors have
been designed to transcit these loads back into the reinforced concrete
boss.o

Both the Equipment Hatch and Peroonnol Lock penetrate the concrete
shall. In the case of the 16' 0 Equipcent Hatch, a personnel lock is
mounted in the head of the hatch and transmits all pressure loads thru
the barrel to tihe concr*te whet the inside door is closed. Should the
personnel door be left open on this lock, the temperature and presture
loads are transmitted to the lock but not into the concrete due to the
space between the lock and hatch. Where the 8'-6" Personnel Lock is
counted in the concretethe temperature and pressure loads invide the lock
are transmitted to the concrete if the inside door Is left open. (Bee
filure 9321-L-1567).

I
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3.4.1 Intloducti 2 (Continued)

Webar stresses were detevrined for Internal forces ond moment ob-
taind from finite element analyses performed by FIRL (see Section 3.4.3).
The rainforelng steel, as designed by UE&W was found to meet the criteria
stated above.

3.4.2 Descr.tion of ,.2,niM Reinaforceent

The thickened boss has been heavily reinforced in addition to the
dense reinforcing which already exists in the 4'-6 thick Containment
cylinder wall. The hoop, vertical and seismic wall reinforcing are bent
around the opening3 to provide continuity of reinforcing and assure flow
of membrane forces around the openings. All splices will be by the Cad-
veld process only. The splices are designed to assure that they will
develop at least 125% of the minimum yield point stress of the rebar.
Several secondary bars have been terminated by means of mechanical an-
chorage. At the continuous bar bends, hooked bars are provided to pro-
hibit any local crushing of the concrete. In addition the radius of the
bar bends is such that crushing of the concrete will not occur. Due to
bending the main bars around the large openings,a void in reinforcing is
created on the horizontal and vertical center lines. To prevent any crack-
ing and spalling of concrete and to resist membrane tensionsthese voids
are filled with added rebar which are tereanated by hooks at each end.
See Sections 2, 3, 14, and 15 iV the Acetate Overlays (Appendix A) and
Fig. 9321-L-1560.

To accot-modate stress concentrations aad discontinuity effects of
the opening hoop reinforcing is provided around the opening.

In addition to the membrane forces a coment on the ring is produced
by the shear load from the pressure on the door of the hatch tending to
cause the ring to rotate inside out. Since the ring is restrained from
warping, bending moments occur in the cross section of the ring which are
resisted by the additional heops in the reinforced boss. These hoops are
designed to resist the tensile loacs in addition to bending mentioned
above. Since the ring tends to rotate inside out and detach itself from
the Containment shell about its outer boundary, a tensile lead is induced
on the inside surface of the ring and containment. This is resisted by
the main vertical and horizontal reinforcing in the Containment cylinder
continiuous wall.

Since there is an eccentricity betwecv the center of the wall and
the center of the thickened ring, moment* causing tension on the inside
face of the ring develop. These mowents are reaisted in tension by the
main vertical and horizontal bars which are continuous around the opening.
In addition these bars assist in resisting membrane tensile loads.

Ir- eddition to the main vertical and horizontal reinforcing in the
Containment cylinder wall, the two-way seismic reinforcing in the vell is
continuous around the opentng, thus increasing the steel area available to
carry discontinuity forces and mo.entns.

R--3 Supplement 6
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3.4.2 Description of Opening Reinforcement (Continued)

The reinforcing pattern in the natch area can be seen in Figs.
9321-L-1559 and 9321-L-1560 and (Appendix A) which is an acetate overlay
showing each layer of steel around the opening.

Transverse shears rpdial to the center of the containment and in
plane shears are resisted by #8 stirrups placed radially to the opening
at 6' centers around the opening (See Section I, Appendix A). Popout
shears along the circumference of the opening caused by edge reactions
from the pressure against the barrel head are resisted by 2-09 bars
@12" around the opening placed through the cross section perpendicular
Lo the reference plane (See drawing No. 9321-L-1559). These bars are
spaced at d/3 to insure that at leqnt one bar will cross a potential
diagonal crack through the cross section. One end of the bar will be
hooked in order to devel•,p adequate anchorage from the point of crack
formation to the end of the bars. In addition to the above mentioned
stirrups; concrete, extra stirrups at the voids created by the main hori-
zont&l and vertical rebar bending around the opening and Inclined hori-
zontal and vertical rebar are also available to resist shear loads. See
Figs 9321-L-1559 and 9321-L-1560.

All of the loadings for the geometrical configuration with which
we are concerned have been considered I.. the finite element analysis.

Revised: 4/2/70 1
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3.4.3 Finite Element Model Analysis

3.4.3.1 Loads

Finite element analyses uaing the Displacemen" Method were performed
in the area of the Equipment Hatch by the Franklin Institute Research
Laboratory (FIRL). This hatch is 16'-0 in diameter and constitutes
the largest penetration in the Containment structure. Pressure,
temperature, dead and seismic loads were investigatad separately and
combined by the following factored load equations:

1. C - (1.0 + .05) D + l.OP + 1.0 (Tt° + TV') + l.OE

2. C - (1.0 + .05) D + 1.25P + 1.0 (TV + TV.) + 1.25E

3. C - (1.0 + .05) D + 1.SP 4 1.0 (T + TL)

*4. C - (1.0 + .05) D + 1.5P

*5. C - (1.0 + .05) D + 1.25P + 1.25A

*6. C - (1.0 + .05) D + 1.0P + l.0E'

where terms are as defined on Page 2.0-6 of the Containment Design
Report. Those loads most subject to variation and which . -t directly
control the overa',1 safcty of the structure were subjected to the
severest load factors. Each of the following loads uas considered
separately and combined as shown in the above equations.

1. Dead Load.

*2. 47 psi pressure load.

3. Seismic motion rnormal to the penetration causing mximum
uplift or compression in the thickened boss. The magnitude
of the ground acceleration was .10g.

4. Seismic motion parallel to the penetration causing maximum
shear in the thickened boss. The magnitude of the Eround
acceleration was .10g.

5. Seismic motion in the vertical direction. The magnitude of

ground acceleration was .05g.

6. Thermal Load associated with 1.5 pressure.

7. Thermal Load associated with 1.25? pressure.

8. Thermal Load associated with 1.0P pressure where P - 47 psi.
(Table L.4.4.1 shows how these loads were combined in the ccnputer solutic

*The total force is resisted by the R/C shell only (excluding the lit
The force is determined by an integration of stresses throughout the
entire cross section (including the liner).

JkA conservative approach inherent to thin shell computer solutiors is
usedwhereby the pressure load is developed at the reference surface

lI-5 rather than the inside face of the wall. This accounts for about a
3% increase in pressure loads. Supplement 6
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3.4.3.1 Loads (Continued)

The analysis for the pressure loading wAs performed by consldcr~ng
onlv the effect of the 47 psi pressure load. For other pressure loading
conditions the resu!ts from this load were multiplied by the appropriate
load factors.

The earthquake load was handled in a similar manner. The analysis
wis done for the .lOg earthquake accounting for structural response and
scaled for the 1.25 load factor and .lSg ground acceleration. The
vertical earthquake was handled in a similar mnnner. Earthquakes
normal to the opening causing maximum moment. and parallel to the
opening causing maximum shear were considered. Two seaprate runs were
necessary since the boundary conditions on the model had to t varied
to account for symmetry of the former and antisymmetry of the .jtter
earthquake, with respect to the vertical axis of the opening.

Three thermal loads were considered. An equivalent linear thermal
gradient was determined by FIRL's QUIKTEHP program which produced
strains equal to those produced by the actual non-linear gzaeLent. This
gave deflections and forces equal to those produced by -.ne actual gradient
The mean temperature rise above the reference temperacure and gradient
obtained from this program were used as input to the Finite Element Progra
A correction factor was added to the stresses to account for the
variation between the linear gradient and the actual non-linear gradient.
See Figs. 9321-L-1565 and 9321-L-1566.

The effect of Insulation in the lower two (2) courses was considere
in the Coarse Analysis. The panels in these two (2) courses were
subjected to a linear gradient of approximately ý of the normal operating
gradient. The insulation was considered effective in preventing large
temperature increases during reactor incident from reaching Lhe liner
surface.

3.4.2 Coarse Analysis

The finite element computer program (FELAP) utilizes quadrilateral
elements. The analysis was performed in two stages, each using the
FELAP program. First, the containm.wnt vessel as a whole with a square
opening of 16'-0 x 16'-0 as a substitution for the actual hatch was
analyzed. The substitution was i.ainly to facilitate the layout of grid
points around the opening. The vessel loads are symmetrical for all loads
except the earthquake parallel to the hatch and only half of the \.easel
is taken into account in the analysis. The model extended f.rorn the
built-in base tu the transition from the cylinder to the spherical dome
(springline). The vertical edges of this 1800 segment -f the containment
structure uere given symmetry boundary conditions. At the springline,
forces obtained from FIRL'a General Shell Program (GENSHL-2) were
applied for the dead and Earthquake Leads.

In GENSHL-2 the structure was modeled from the fixed base to the
top of the dome (a patch plate was used to reach the actual apex of
the dome). These elements of revolution assume the structure ia
symmetric. The results were only used to obtain boundary conditions
for the coarse model at the springline. Since the springlLne (89'-6 above

R-6 the hatch and 107'-6 above thelock) is far removed from both the equlpmen-t
Supplement 6
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* 3.4.3.2 Coarse Analysis (Continued)

hetch end the personnel lock openings, it is in a membrane region and
the rem.its of GENSHL-2 are acceptable. See Fig. 9321-L-1563. For th
pressure load boundary conditons hand calculated loads, based on membr
theory, were used. This was necessary since the neutral surface of th
section did not corresponi to the reference surface used for the analy
Since all strains are developed at the reference surface, small bendin
moments were created to which the deformations of the coarse model wer
very sensitive since the restraining effect of the dome was not includ
in the model. Boundary conditions for Thermal Loads were developed by
consideration of a Finite Element Strip in FMIL (FELAP) program.
Although the hoop load in the dome is one-half that in the cylinder, t
area of steel provided in the dome is one-half that in cylinder; there
the stiffnesses are approximately equal and no appreciable discontinut
moment is present. For this reason rotation about the sprinvline was
restrained.

A layout of the finite elements used for the coarse model is show
in Fig. 9321-L-1558.

Each quadrilateral element was divided into 10 layers to represen
the liner, concrete, and reinforcing. Layers representing reinforcing
were given a thickness equal to the area of steel per inch. All plate
representing rebar were given stiffness in only one direction (i.e. th.
direction of the rebar). For the plate representing the two layers of
seismic steel, stiffness was given in two directions but Poisson's
Ratio was set equal to zero to uncouple the two directions. The layer:
through the cross section are given in Table 3.4.3.2.1.

The coarse model was run twice. In the first run the ccncrete
between the liner and the first layer of reinforcing (in the 4'-6 cylli
wall) was considered uncracked. The remaining concrete wds considered
cracked. The restlts of this analysis showed nearly all the concrere
stresses to be in excess of 3.5rMc in tension which indicated that al:
the concrete xn the cylinder was cracked. The problem was rerun
considering all the concreCe In the cylinder cracked. In the thickene,
pcrtion of the wall aroune the equipment hatch the concrete was considi
cracked a distance (d-kd). The principal purpose of the Coarse Analys:
was to determine the extent of the effect of the opening and provide
boundary conditions for the fine model. Conservative boundaries were
chosen to assure that the fine model extendad to a region not affected
by the opening; therefore, it was not considered necessary to iterate
the cracking with respect to the thickened boss.

The linee was considered as a strength element for two (2) reason,

1) As long as the stiffness is added uniformly throughout the
region of interest, this should not appreciaoly affect the
distribution of membrane forces.

2) A better representation of thermal effects will be achieved
if the liner is considered.

HiT Supplement 6
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3.4.3.2 Coarse Analygis (Continued)

By matrhing the boundary forces of the coarse and fine model it was
determined that the boundary was essentially in a membraae region. This
indicated that the opening nad no effect at the boundaries of the fine
model and the distance assumed for the extent of the fine analysis
boundary was valid.

3.4.3.3 Fine Analysis

The displacements and rotations of the node points obtained from
the Coarse Analysis were used as boundary conditions Gn the '-oundaries
of the region used for the Fine Analysis. The quadrilateral elements
used for this analysis were tmch smaller than those used previously and
can be seen in Fig. 9321-LL-1564. The displacements and rotations of
interm~ediate node points were ibrained by interpolating the results
of the Coarse Analysis.

A 1800 segment of the harch and surrounding wall extending to the
boundary determined by the CoarsL Analysis uns modeled about a vertical
center line of the hatch opening. Symmetric and antisymmetric boundary
conditions depending on the loading were used for the right-hand edge
and prescribed displacements and rutations for the bottom edge, left-hand
side and top edge.

Each quadrilateral element was divided into 10 layers to represent
the liner, concrete and reinforcing. The liner was considered as a
strength element for the model and also in QUIKTEMP to develop the
equivalent linear gradient. Layers representing reinforcing were given
a thicknnss equal to the area of steel per in-ih. A1l plate elements
representing rebar were given stiffnessin only one direction (i.e. the
direction o( the rebar). The layers through the cross se.t.on are
given in Table 3.4.3.3.1. Material properties are given in Table 3.4.3.3.2.

FIRL modified their program so that the effect of the liner was not
included in the stress resultants at the reference plane of the panel.
When integrating the stresses through the wall cross section to obtain
stress resultants, the first layer, which is the liner layer, was not
included. The main reason for doing this is that thermal load stress
resultants uould greatly underestimate the force in the rebar since
the net effect includes the compression in the liner. By virtue of
this program revision al& at:ess resultants will include only the effect
on the cylindrical wall. When temperature effects were excluded; however,
the total stress resultants (including the liner) were applied to the
R/C shell (not including the liner).

There were two coordinate systems used in the atsalysis. Equilibrium
coordinates are 'ssociated %iLh node points and are used for concentiated
loadq and boundary condition& Including restrainfts and specified
displacements and rotations. Displacements and stress resultants are also'
outputted in equilibrium co-rdinates. Th6 directions for this coordinate
oystem are radial and tangenticl to the center of the cylindrical containment

Supplement 6
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W 3.4*3.3 Fine Analysis (,-ontinued)

The other system used is panel coordinates which are in the
plane or perpendicular to the plane of the rectangular elements.
All inputted pressure and other surface tractions (loads) are in panel
coordinates.

Since two coordinate systems were used, a transformation is
carried out internally when solving the problem. The stiffness
matrix in panel coordinates was transformed into equilibrium coor-
dinates and displacements were obtained in equilibrium coordinates.

The non-symnetry effects caused by the difference between the
centroid of the 4'-6" wall and the 7'-6" boss were taken into account
by the computer program nince all coordinate points for the layers
are given about the same cylindrical surface which coincides with
the center line of the 4'-6" wall.

Shear loading caused by the pressure acting on the head of the
hatch was inputted in equilibrium coordinates at the same time as
the displacement and rotational boundary conditions.

The Equipment Hatch was not considered as a strength element
and was not included when computing the individual plate element
thicknesses. The restraint offered by the hatch at the edge of the
opening was neglected in the analysis.

The concrete in the cylinder was considered completely cracked
based on the results of the Coarse Analysis. The concrete in the
thickened boss was initially ronsidered cracked a distance (d-kd).
The results of this analysis Indicated that the concrete was com-
pletely cracked in the boss as well as the cylinder. To insure that
P11 cases were included, it was decided to do the analysis with the
boas concrete completely cracked in one run and completely uncracked
in the other. In addition, each case included output where the stress
resultants were obtained by integrating stresses through the cross
section including the liner stress .and not including the liner stress.
For each integration, the stressei were identical; however, the stress
resultants were different. The case with the boss concrete completely
uncracked indicated concrete tensile stresses greater than 3.54f' c
throughout; therefore, the results of the completely cricked con-
crete ran were used. Stress resultants from the coapletely cracked
analysis including the liner were used for all load combinations
not including thermal effects.

0

R-9 Supplement 6
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3.4.3.4 Praitram

The following is a brief outline of the prc-.edures used by
FIRL to perform the finite element analysis:

I. Using 10-layered elements the stiffness matrix was obtained
as follows:

a) A unit displacement was assumed

b) Strai-as were obtained

c) Using the material constants, stress-strain relation-
ships were developed

d) Using the theorem of minimum potential energy and the
principle of virtual work the stiffness matrix for
each element, at the refezence surface, was develeped.

2. Nodal rotations and displacements were obtained using the
above stiffnesses and solving the simultaneous equations.

3. The nodal displacements and rotations were multiplied by the
stiffness matrix to arrive at nodal forces in the equilibrium
coordinate system.

4. From the nodal displacements and rotations strains were
obtained and multiplied by the Material Property Matrix
to get stresses at each layer.

S. The stresses at each layer are integrated through the section
to get stress resultants (#/in. or in.#/in.) on the reference
surface at the centroid of each panel. The following integra-
tions are performed:

N "fSlldx3 Mll - fSll x3 dx3

N2 2  a f$ 2 2 dx3 H2 2  nfS2 2 x3 dx3

N1 2  "JS 1 2 dx3 H1 2 =-/S 1 2 x3 dx3

Q1 ufS3 ld-%3 Q2  Sf23 x3 dx3

Where

N1 1  - ve:ttcal force (f/in.)

SIt - vertical stress (f/in. 2 )

H1 1  " moment about the hoop axis (in. - #/in.)

N2 2  a horizontal force (f/in.)

$22 - hoop stress (#/in. 2 )

H-10 M 2 2  - momoen about the vertical axis (in.-#/in.)

Supplement 6
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S3.4.3.4 Program (Continued)

N12 ' in plane shear (#/in.)

S1 2 a in plane shear stress (f/in. 2 )

H - twisting moment (In.-#/in.)12

- radial shear force on 1 edge (f/in.)

S31 ' radial shear stress on 1 edge (f/in. 2)

- radial shear force on 2 edge (f/in.)

S2 3 a radial shear stress on 2 edge (#/in. 2)

The linear thermal gradient obtained from QUIXTEM? is used as
input into the Finite Element Analysis. The element is.considered
fully restrained and the corresponding forces and stresses are obtained.
The forces are imposed on the structure, in the opposition direction,
with the real boundary conditions present and the corresponding
displacements and stresses calculated. These stresses are then subtracted
from the fully restrained stresses and the actual stres.es caused by the
linear thermal gradient are obtained.

Shear is a basic part of the program and the shear resultants are
obtained by integrating through the section assuming a constant sher
strain throughout. Shear deformations are accounted for in the program.
Since deformations are used for calculating stresses, the shear stiffness
of the section will influence the magnitude of the stress rsultants
and deflections. It is felt a reasonable representation of the shear
stiffness was obtained by using a single shear modulus for all concrete
whether cra.ked or uncracked. All rebar layers except the seismic steel
were given a shear modulus of zero since no dowel action was considered
in resisting shear. FIRL revised their program to incorporate orthogan.al
0iear moduli. This enabled the seismic steel to be given in plant shed,
strength while the transverse strength was eliminated. This change,
along with the ability to represent the steel at 450, enabled proper
representation of the seismic rebar to be effected.

3.4.4 Results Of The Finite Element Analysis

Output from the Finite Element Analysis included the followingL

1. Nodal displacements and rotations in the equilibrium coordinate
system and nQdal forces and moments in the equilibriun,
coordinate system.

2. Stress resultants at the centroid of the element consisting of
vertical and Horizontal axial forces, bending moments about the
horizontal and vertical axis and in-plane and radial shear force:

R=I. All results are given in "per inch" units to reflect continuity
of the structure and are given in panel coordinates. Supplement i
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3.4.4 Results Of The Finite Element Analysis (Continued)

3. The in plane and principal stress components at the inside
face, middle, and outside face of each layer of each element
(See Figs. 9321-L-1568 and 9321-L-1569 for FELAP program
sign conventions.)

The effect of temperature on the stresses has still been
overestimated since the computer program considers only elastic
behavior. No credit was taken for the redistribution of stress that
would occur when the outer most rebar begins to yield.

On Sheet 49 a comparison between the computer solution and the pure
membrane condition was checked considering the horizontal nodal forcer
on the two vertical boundaries. 1he results show a total of 33,804.2
on the left boundary and 32,511.7 on the right boundary. In addition,
the cltssical formulas for membrane theory indicate a total load of
3 2,g 0 0 K along the left boundary which is in agreement with the computet
results. A stress concentration factor oý 2.88 was obtained by dividing
the hoop stress resultant tangent to the opening at panel 113 by the
value obtained remote from the opening (See Sheet 50.). This corresponds
to a value of 3.0 which is an accepted value for the type of stress
concentration which occurs when a horizontal load twice the magnitude
of a vertical load acts on the structure and the two directions are not
coupled by a Poisson's Ratio effect. This is the effect in the structure
since the wertical and horizontal rebar uere each given stiffness in
only one direction.

These calculations along with the hand calculations mentic..#-.
later were used for an order of magnitude verification of the computer
results.

The model of the hatch area is a good representation of the rebar
present. A% can be seen in Fig. 9321-L-1560, the rebar bending around
the opening and the added hoop rebar are both very nea&.y tangent to the
circular opening. The rebar in each element around the opening was
given stiffness in only one direction, the direction tangent to the
opening; and was distributed to three plates, one on the outside (Plate X),
one on the inside (Plate Y), and one in the middle (Plate 2) of the
cross section representing the structure (See Fig. 9321-L-1562). The
seismic rebar in a direction tangent to the opening, was included at
approximately the reference plane (27.375 inches from the inside face
of the liner plate). The liner was al:o included ,.n the model. Each
900 segment around the hatch was subdivided into (3) sectors (A, B, andC)
and plate given properties such that B sector represents the hoop steel
bending asound the opening, A represents the vertical steel bending
around the opening, and C or the middle sector represents a combination
of hoop and vertical steel bending around the opening. (See Fig. 9321-L-1561)
In addition, the added hoops were included in the plate which was
physically closest to their location in the structure. 4

Since an accurate representation of the rebar was used in tnie model

R-.2 and the tensile stresses. are c ompa ab le to the hand
calculations, all of the stresses for the individual rebar layers
outputted by the FIRL Program can be used directly. A summary of stresses

Suvolement 9
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* 3.4.4 Results Of The Finite Element Analysis (Continued)

for the fine model can be found on sheets 1 through 48. Representative
elements in the upper quadrar.t of the thickened boss area (between 00
and 900), :he lower quadrant of the fine model in the cylinder region
and the upper quadrant of the fine model in the cylinder region are
summarized. Stresses in the middle of the rebar layer for the outside
face and inside face for each of these areas are summarized for the

vertical seismic load, dead load, internal pressure load, symmetric
horizontal seismic load, thermal load 1, thermal load 2, thermal load 3
and the three load combinations including the vertical and horizontal
earthquakes causing tension. The seismic rebar stresses fall between
the outer and inner rebar stresses and therefore are not summarized
in these tables. in addition, the liner stresses are summarized for
the three load combinations including the vertical and horizontal
earthquakes causing compression. A correction factor must be added to
all liner stresses to take into accottet the difference between the
linear gradient obtained from QUIKTEMP and tke large temperature peak
which the liner feels dL, ing a loss of coolant accident. This is applie
to a fixed liner; therefore, compressive stresses equal tor'Tarare obtaine

/-e-
These calculations appear on Sheets 75 and 76.

An inspectio.z of the stresses from computer printout shows that for
the 1.0P and 1.25P load combinations including thermal load, no yielding
of the rebar occurs. The highest stress in the outer rebar for the
1.0P case is53.¶which is less than 0 f. For the 1.25P case the highest
outer rebar stress is equal to fy. Rebar stresses in the boss are
considerably lower than those in the upper and lower quadrants of the
cylinder.

For the 1.5P case including r.hermal load so - local yielding of
the outer rebar occurs. The maximum rebar stress .,,rs in severMl panel
in the transition zone from the boss to the 4'-6 c.Iinder and is equal
to70"'. The boss does not indicate any outer r. jr yielding. The
highest stress for an el-.ment in the 4'-6 cylinder is66.02with the majorit
of the elements showing stress in the 50-60 rxange.

An interaction diagram was plotted for the horizontal and vertical
directions in the 4'-3 cylinder considering the ultimate strength of
the reinforced concrete section to find the ultimate moment capacity
when no axial load is presmnT and the ultimate axial load required to
stress all the rebar to 60 s• when no moment is present. (See Sheets 59
through 66). The liner was not included in calculating either the axial
or bending load carrying capacity of the section. The axial load and
moment stress resultants for load combination 12, for which the liner
was not included when determining the stress resultants in order to
preclude the net effect when integrating thermal loads across the section
were plotted for each panel indicating yield of the outer rebar. The
results on Sheets 60 and 64 show that the section pro.-ided is adequate
to resist the load combinations leading to the (elastic) stress excess.S

R-13 Suppleament 6
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Results Of The Finite Element Analysis (Continued)

Investigation of the liner stresses show that for the 1.25P and
1.5? cases some local yielding of the liner in tension occurs in
several elements in the 3600 ring of the panels adjacent to the transition
zone from the 4V-6 cylinder to the thickened boss. These occur in the
boss at 45 degree to the vertical centerline of the eqzipment hatch
opening. The liner stresses are local not only in location in the boss
but adjacent elements show stresses considerably lower in magnitude
indicating the presence of a stress riser in the transition from boss
to cylinder. Local yielding of this nature (.17% strain) is well within
the limits stated in section 2.0-9 of the Containment Design Report
(.5% strain). In addition, ductility of the studs will prevent stud
failure (See Page. 1 ). These liner stresses are considered higher than
those the actual structure will be required to restst since the computer
results indicatelarge moments at these sections. If the studs.ye1dctheentir6
moment will not be transmitted to the line , thus reducing liner stresses.
The adequacy of the structure to resist loads without the liner is
discussed on Page 14. No yielding of the liner in compression'is indicated
by the computer results.

In addition to the stresses summnarized above, stresses were checked
to insure that in any factL.ed load combination from which the rheri.rl
effects have been deleted the total stress resultants were resisted by
the R/C without assistance from the liner. This was done since the liner
can experence substantial tensile stresses. In the event of local
yielding of the liner the R/C -ould have to resist the loads. Prudence
demands the provision of an adequate margin of safety in the rebars to
resist test pressure loads without assistance from the liner. In order
to check this, the stress resultanLs derived by integruting stresses
through the entire cross section (including the l'ier) were imposed on
the cross section (not including the liner) by hand calculations shown
on Sheetu 51 through 58. From the sumnmary of stress resultants for the
various load combinations iL can be seen that the 1.5P + .95 DL case
gives the largest stress resultants; therefore, only stresses for this
condition have been investigated. A panel with maximum stress reaultants
in the membrane area was checked and the maximum stress in the vertical
rebar was 3 1 .4ksi and the maximum horizontal rebar stress was 4.78ksi.
Panel 56, which is located in the boss adjacent tq the transition from
the boss to the 4'-6 cylinder was f9 und to yield the largest stresses.
The highest rebar streas was 3 5 .4ksi. These stzesses show that the rebar
meet the criteria of 0 fy specified in section 3.4.1. It should be noted

that in ecmputing the center of gravity of the section the liner has been
included. The reason ft.r this computation was to transfe7 the axis of
the stress resultants from the reference surface (center of W'-6 wall)
to the centroid. When computing rebars stresses the liner was not
included in the section. This procedure was used for the following
reasons:

It is not feasible to determine the local stresc reaultants
aiting on the R/C or the distribution of the resultantsý,in th-
vicinity of local liner yielding. Obviously an annlysis (by inite
element) of the entire structure with liner omit~ted is no moru
likely to give the correct local stress resultants than a corresponding
analysis with the liner included. In some ragions the liner would

Supplement 6
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3.4.4 Results Of The Finite Elemert Analysis (Continued)

contribute effectively to wall stiffness, in others not. Accordingly
it appears at least as rational to determine stress resultants
from a model in which the liner stiffness is everywhere included as
from a model in which liner stiffness is everywhere excluded. In
either case the stress resultants otetputted at an arbitrary reference
surface must, of course, be transformed to a centroid of the wail.

Since the criteria demands ,ebar stresses in the elast'.c range,
for this load combination, and since some re-distribution in the
vicinity of the yielded liner is inevitable, it is reasonable
to apply to the rebar centroid the same set of stress resultants
as were determined for the centioid of rebars and liner. This means
that we are balancing the uncertainty in the distribution of stress
resultants throughout the zone by a conservative rebar stress
calcul3tion,and by our conviction that there is a "limit" strength
for the region which we have not determined, but which provides
further margin of safety against actual rupture.

On Sheet 73 there appears a sumnary of the out of plane nodal forces
around the perimeter of the Equipment Hatch. On Sheet 74 the pressure
acting over the inside door of the Equipinent Hatch was calculated and
the raaction on the shell determined. In addition the pressure axting
over 1/2 the width of the first row of panels from the edge of the
opening uas determined. This surmatLon agreed with the nodal forces
obtained thus adding confidence to the computer results since these
nodAl forces are a function of the stiffness matrix and the shear
disvracements. Since the displacements are correct the strains &rnd
thus the stresses are reasonable and the stress resultants obtained
from chese stresses are acceptable.

Radial ind transverse shear stress resultants were used to cl-eck
the adequacy of the radial stirrups. Stresses could not be used
directly since the model did not include these stirrups. Since the
:oncrete provided shear stiffness to the model thus creating higher shear
Lorces, it could have been used to help resist the shear forces. For
conservatism; however, the rebar was considered to resist the entire load.

The earthquake 90 degrees from the Equipment Hatch opening which
causes maximum in plane shear stresses was investigated and included
in the load combinations on Sheets 69 through 71. On Sheet 72 the total
shear through the 90" wide boss was determined by considering the weightej
average of the shear in the elements through the boss and the correspondi,•i
shear stress calculated. In the upper quadrant of the boss at about the
4?5 point, the seismic rebar is available to resist shear. The maximum
stress in the stirrups and rebar wa. found to be 4 0 ,8ksi. In the region
where only the stirrups resisted shear the stress was found to be 4 5 .8ksi.
In all the above shbar stress calculations the concrete, e-tra stirrups
at the voids created by the main horizontal and vertl'al rebar bending
around the opening, and inclined horizontal and vertical rebar have been
conservatively ignored.

Supplement 6
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3.4.4 Results Of The Finite Element Analysis (Continued)

On Sheet 67 the maximum shear load in the elements around the hatch
opening was found for each load combination by considering the square
root of the sum of the squares for the two transv'-rse shears. The
maximum load was found to occur in Panel 107 for the 1.5P + .95 DL case.
This. is a small panel at the edge of the Equipment Hatch opening. This
stress resultant (in kip/inch) was conservatively assumed. to occur
throughout the entire 90"1 boss even though very small transverse shear
values were found in. the 4V-6' cylinder wall adjacent to the thickened
boss. The extra stirrups at the voids were also neglected. The uuximum
stress calculated on Sheet 68 was found to be 52 ksi.

In addition on Page 74 the maximum shear in the boss, obtained, b7
taking the square root of the sum of the squares of the two transverse
shears, is used to determine the quantity of radial bars required ta
resist pop out shear discussed on Page 4 and showt. in Fig. 9321-L-l55T.

In plane deformations were checked in order to see the ovaling which
takes place at the Juncture of the hatch and the reinforced concrete shell.
Points 900 apart were investigated to find the variation in displacement
along t',e axis of the hatch. Plots of this avaling for the pressure Land
and cemputer load combination 11 are found on Irawing No. 9321-L-1570
which shows a maximum horizontal in plane deformation of .0327 in. and! a
difference in vertical deflections between the top and bottom of the
opening equal to .0587 in. for load combination 11. These are both very
su-,nll displacements and will not present any difficultje& at the juncture
of the hatch and the reinforced concrete shell. This LS conservatLve %iLce
the resistance offered by the i" thick barrel and. 7/8" studs were not
considered' in this analysis.

Thu NIML plotting routine was utlilzed to aid in checking mrd-rL
geometry and- interpreting results. By plotting the geozmtry any m..stake
in coordinates of nodal points or numbering of the poLnts can be rewW.yr
discovered by inspection of the geometry plot. Any discontinuity an
crossing of lines indicates a mistake in input data. A plot of stresaes-
greatly simplifies the interpretation of the output and provides a- means
for a quick check of the validity of the solution. It shows the variation
in stress from one point to another, an important effect which is uSaly
lost during inspection of volumes of computer printout. These plota6 carn
be found an Sheets 94 through I05.-

They include:

a) Radial displacements on a developed section for pressurm load

b) Inside and outside rebar stresses for the computer toadu
combination 12.

c) Liner stresses for the computer load combination 12.

d) Shear stress resultants including transverse shear radial
to the containment centerline and pop out shear along. the
circumference of the opening.

We know frm. analysis and absarvation of test resuLts from similar
containment structures that the combination of Dead LoaS, and FressurnR-15
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3.4.4 Results Of The Finite Element Analysis (Continued)

expe-rienced during the rressure test, will crack the structure and

relieve shrinkage or creep stresses locked into the structure prior

to pressurization. Since the overall structure will be subjected to

this cracking, distribution of forces should not be substantially

altered from that of the computer output.

3.4.5 Design Basis

3.4.5.1 Equipment Hatch

Before undertaking a comprehensive series of Finite Element Analyses
already described, the adequacy of the rebar (pattern and quantity)
in the vicinity of the Equipment Hatch was determined by hand calculations.
These calculations, shown on Sheet 17 to 85, involved the determination
of rebar stresses at points of the horizontal and vertical axis of the
opening. The following loadings were considered:

I. The twisting moment on the ring.

2. The eccentricity of horizontal and vertical main wall reinforcing
with the centerline of the boss.

3. The thermil effects in the liner.

4. Maximum tensile forces using a stress concentration of 3.

5. Effect of the moment on the inide face of boss from the
rotation caused by pressure, ignoring restraint from the hatch.

6. Effect of this rotaticy.. on the wain wall reinforcing.

The conservative characteristics of these stress calculations is
indirated by a ccn~arison of the stress level obtained at the corresponding
locations determined by the Finite Element Analysis. The Finite Element
Analysis indicated rebar stress 4 to 7 ksi smaller than the hand calculatior

394.5.2 Personnel Lock

The adequacy of the rebar in the vicinity of the Personnel Lock is

verified by the analysis similar to that described in 3.4.5.1. Calculation1
are shown on Sheets 86 to 93. The inner and outer rebar stresses for the
Equipment Hatch and Personnel Lock are compared with the computer results
for the Equtipment Hatch Analysis. The results can be found in Table
3.4.5.2.1. The loading condition for the hand calculations consisted of
1.5 Pressure and Temperature Load 3. This was compared with Load
Combination 12 of the computer analysis. The hand calculations are
conservative since dead load was not considered.

It was judged unnecessary to further verify this area by Finite Element
Analysis for the following reasons:

IR-17 1. The Equipment Hatch area indicated that the Finite Element
Analysis would lead to lower rebar stresses.

Supplement 6
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3.4.5.2 Personnel Lock (Continued)

2. The hand calculbtions for the Eq'aipment hatch and Personnel
Lock indicated lower stresses in the Personnel Lock than in
the Equipment Hatch.

This was to be expected because:

a) The diameter of the Personnel Lock opening (8'-6") is
only about 1/2 the diameter of the Equipment Hatch
opening.

b) The Personnel Lock Boss has been provided with a relatively
higher qsianttt * ,,t rebar than the Equipmen.t Hatch Boss
( Y. 3% vs...",)

c) The thicku.ned portion of the Personnel Lock boss is only
5'-6" thick vs. 7'-6" in the Equipment Hatch boss.

For a description of the rebar in the Personnel Lock boss see
drawing 9321-L-1571 and 9321-L-1572. Except Lor bars which resist pop out
shears identical patterns of 1Eba, havu been placed in this boss to resist
the same forces described for the Equipment Hatch boss.

Pop out shears along the circumference of the opening, caused by
edge rpa, ttans lrt,ri if- ptes-,.,a against the closed inside lock door are
resisted by two (2) #i bar. @•12" placed in a manner identical to the
two (2) #9 bars a12"' in the Equipment Hatch and described on Page 4.

Theta 1% a Slight, po-. 4 bflity that the inside door of the lock might
be open -It thC time o0 i- .-A.ld- C t. The e t feeLt of pressure and temperature
within the lock barrO.! . in su.i1, an event, iuas considered in the inalysis
ot thc Fcr!onr,'l Lc• ,1:a which.i shows rebar stresses below yield values.
It 'hilid ,e nl,.J th,. 0t1,l;ii for the eff,.-tt , on the R/C, of
c-..letit iL v.s-ttr',at. -,y~rULt¶L,. Wi.• lift thL' ba.ttcl were conservative in

that th( btattel we, a.itonmed to ,.Itve-lp a ioffaprecbive stress in excess of
32 W-i .,i•Jl in-,! th- r, ,i .'r -rAi t eit t ,k,'n ,- the diffetence between
thlt accident tuiperzt,tr, iid 'POf.

3.4 t Sti.m.•, Ir,,

Using th," FIRL F,'It El,-•.., Prog_,ram-, the cylinder and thickened
purl Ion of the ",,ll arinri t' -Itp-,.int Hat.dch ere analyzed by the
fol lowing procedure:

1. GenCLal Shell Analysis Program was used to obtain boundary
conditions at the springline for Dead Load and Earth.iuake

A et rit, -if the tnr.-tiv,.-t.t ,v.:s a'talyzv,l by tVie Finite Element
Program ('ELAPf r., ,,ht.i t- z.undarv conditions at the springline
for the Thermal L,3a.is

RTV.: W8%/69
ka~v.: 4IJ703
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3.4.6 Swummary (Continued)

3. QUIKTEMP converted non-linear thermal gradients to equivalent
linear gradients.

4. Pressure Load boundary conditions were developed by hand
calculations

5. A coarse representation of 1800 of the containment was analyzed
by the FELAP Program to obtain boundary conditions for the
fine model and determine the extent of the influence of the
Equipment Hatch opening.

6. The fine grid model shown in Fig. 9321-LL-1564 was analyzed
using the FELAP Program.

7. Various cracking patterns wero investigated and it was determini
that all concrete in the cylinder and boss was completely
cracked.

8. Stresses and stress resultants obtained from the fine analysis
were summarized and all the criteria on Page 2 were satisfied.

9. Hand calculations were performed to check the order of
magnitude of the computer results.

10. H&nd calculations were performed to check the stress in the
Personnel Lock area.

Rev.: 9/8/69
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TANS. 3.4.3.2.1

IUAZUTIOR OW CYLIDPR WAM SNCT I FOR BOH COASR! A14D FIER MODEL

All Cylinder
BlaMnLo

LAYER #

3

4

5

6

7

8

9

10

THICK. (IN.)
.375

7.75

.333

.572

19.085

.270

19.085

.572

.333

6.0

HATIMIAL

'iteel PL

Cr. Conc

Ax. Rebar

Hoop Rebar

Cr. Cone.

Seismic Rebar

Cr. Conc.

Hoop Rebar

Am. Rabar

Cr. Conc.

MAT'L CODE

1

3

3

4

5

6

5

1
THICK. CODE

1

2

3

4

5

6

5

4

3

5

4

3

7

14

R-20 Supplement 6
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TABIL 3.4.3.3.1

S IDEALTZATION OF THICKENED WALL SECTION AROUWr ,6"E EAUIPIENT HATCH

*A 1

PANEL TYPE

58, 57, 56

111, 110, 109

LAYER THICK. (IN.) MATERIAL HAT'L CODE THICK. CO

1
2
3

4
5
6
7

.750
7.750
2.797

12.745
.667

20.982
3.867

33.062

2.130

6.000

Steel PL
Cr. Conc.
Rebar

Cr. Couc.
Seismic Rebar
Cr. Conc.
Rebar

Cr. Conc.
Rebar

Cr. Conc.

1
5

7, 8, 9, .0,
11, 12
5
7, 8, 9, 10, 11, 12
5
7, 8, 9, 10,
Il, 12
5
7, 8, 9, 10,
i, 12
5

8
2
9

26
10
27
11

28
12

7

8
9

10

*A 2

. 48, 47, 44

101, 100, 97

1
2
3

4
5
6
7

.750
7.750

.667

14.875
.667

22.583
.667

36.524
.267

6.000

Steel PL
Cr. Conc.
Rebar

Cr. Conc.
Seismic Rebar
Cr. Conc.
Rebar

Cr. Conc.
Rebar

Cr. Conc.

1
5
7, 8, 9,10,
11, 12
5
" 8, 9, 10, 1:, 12
C

7, 8, 9, 10,
11, 12
5
7, 8, 9, 10,
11, 12
5

8
2
10

29
10
30
10

31
13

8
9

10

13, 46, 43

669 99, 96

1
2
3

4
5
6
7

8
9

10

.750
7.750

.667

14.875
.667

22.583
.667

36.391

.400

6.000

Steel PL
C,.. Conc.
Rebar

Cr. Conc.
Seismic Rebar
Cr. Conc.
Rebar

Cr. Conc.
Rebar

Cr. Cone.

.
5
7, 8, 9, 10,
11, 12
5
7) 8, 9, 10,
5
7, 8, 9, 10
11, 12
5
7, 8, 9, 10,
11, 12
5

8
2
10

29
10
30
10

11, 12

32
14

7

*See Drawin8 9321-L-1561, 9321-L-1562 for
R-21 location.
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TABLE 3.4.3.3.1 (CONT'D)

*A 4

PANEL NO.

29, 45, 42

82, 98, 95

LAYER
1
2
3

4
5
6
7
8
9

10

THICK. (IM.)
.750

7.750
1.190

14.351
.667

21.783
2.267

34.792
1.200
6.000

MATERIAL
Steel PL
Cr. Conc.
Rebar

Cr. Conc.
Seismic Rebar
Cr. Conc.
Rebar
Cr. Conc.
Rebar
Cr. Conc.

MAT'L.CODE
1

5
7, 8, 9, 10,
1., 12

THICK. CODE
8
2
15

5
7, 8,
5
7, 8,
5
7, 8,
5

9, 10, 11, 12

9, 10, 11, 12

9, 10, 1i, 12

33
10
34
16
35
17
7

*8 1

53, 52, 51

106, 105, 104

1
2
3

4
5

6
7

8
9

10

.750
7.750
2.930

12.611
.667

20.652
4.530

32.730
2. 130

6.000

Steel PL
Cr. Conc.
Rebar

Cr. Conc.
Seismic Recrr

Cr. Conc.
Rebar

Cr. Conc.
Rebar

Cr. Conc.

1
5
13,
17,
5
13,
17,
5
13,
17,
5
13,
17,
5

14, 15, 16,
18

14,
18

1I&,
18

14,
18

15, 16,

15, 16,

15, 16,

8
2
19

36
10

37
18

38
12

7

*B 2

35, 32, 49

88, 85, 102

1
2
3

4
5

.750
7.750
1.333

14.208
.667

22. 250
1.333

36.192

.267

6.000

Steel PL
Cr. Conc.
Rebar

Cr. Conc.
Sesmi-c Rebar

Cr. Conc.
Rebar

Cr. Conc.

Rebar

Cr. Conc.

1
5
13, 14,
17, 18
5
13, 14,
17, 18
5
13, 14,
17, 18

15, 16,

15, 16,

15, 16,

8
2
20

39
10

40
20

41
13

6
7

8

9

10

5
13, 14, 15, 16,
17, 18
5

Supplement 6
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TABLE 3.4.3.3.1 (CONT'D.)

*B 3

AIEL NO.

34, 31, 10

87, 84, 103

LAYER
1
2
3

4
5

6
7

8

9

10

THICK. (IN.)
.750

7.750
1.333

14.208
.667

22. 250
1.333

36.059

.400

6.000

MATERIAL
Steel ?L
Cr. Conc.
Rebar

Cr. Coac.
Seismic Rebar

Cr. Conc.
Rebar

Cr. Covc.

Rebar

Cr. Conc.

MAT 'L. CODE
1
5
13, 14, 15,
17, 18
5
13, 14, 15
17, 18
5
13, 14, 15
17, 18

, 16,

, 16,

, 16,

THICK.CODE
8
2
20

39
10

40
20

5
13, 14,
17, 18
5

42
1415, 16,

i

*B 4

33, 30, 28

86, 83, 81

0

I
2
3

4
5

6
7

8
9

10

.750
7.750
1.863

1.3.678
.667

21.452
2.930

34.460

1.200

6.000

Steel PL
Cr. Conc.
Rebar

Cr. Cotic.
Seismic Rebar

Cr. Conc.
Rebar

Cr. Coac.
Rebar

Cr. Canc.

1
5
13, 14,
17, 18
5
13, 14,
17, 18
5
13, 14,
17, 18

15, 16,

15, 16,

15, 16,

15, 16,

8
2
21

43
10

44
19

45
17

5
13,
17,
5

14,
18

7

*C I

55, 54

108, 107

1
2
3
4
5
6
7
8
9

10

.750
7.750
3.600

11.941
.667

20.319
5.197

32.396
2.130
6.000

Steel PL
Cr. Conc
Rebar
Cr. Conc.
Seismic 11ebar
Cr. Corc.
Rebar
Cr. Ccnc.
Rebar
Cr. Conc.

1
5
19,
5
19,
5
19,
5
19,
5

20, 21, 22

20, 21, 22

20, 21, 22

20, 21, 22

8
2
23
46
10
47
22
48
12
7

R-23 Supplement 6
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TABLE 3.4.3.3.1 (CONT-D)
*O 2

PAN• ' I

41, 91

94v 91

LAYER
1
2
3
4
5
6
7
8
9

10

TRICK. (IN.)
.750

7.750
2.000

13.541
.667

21.917
2.000

35.858
.267

6.000

MATERIAL
Steel PL
Cr. Conc.
Rebar
Cr. Conc.
Seismic Rebar
Cr. Conc.
Rebar
Cr. Cone.
Rebar
Cr. Conc.

MAT'L CODE
1
5
19, 20, 21, 22
5
19, 20, 21, 22
5
19, 20, 21, 22
5

5

THICK CODE

2
24
49
10
50
24
51
13
7

40, 37

93, 90

1
2
3
4
5
6
7
8
9
ii.

.750
7.750
-. 000

13.541
.667

21.917
2.000

35.725
.400

6.000

*C 3
Steel PL
Cr. Conc.
Rebar
Cr. Conc.
Seismic Rebar
Cr. Conc.
Rebar
Cr. Conc.
Rebar
Cr. Conc.

5
19,
5
19,
5

19,
5
19,
5

ZO, 23, 22

20, 21, 22

20, 21, 22

20, 21, 22

8
2
24
49
10
50
24
52
14
7

go
*C 4

39, 36

92, 89

1
2
3
4
5
6
7
8
9

10

.750
1. 750
2.533

13.008
.667

21.117
3.600

34.125
1.200
6.000

Steel PL
Cr. Conc.
Rebor
Cr. Cone.
Seismic Rebar
Cr. Conc.
Rebar
Cr. Conc.
Rebor
Cr. Conc.

1
5
19,
5
19,
5
19,
5
19,
5

20, 21, 22

20, 21, 22

20, 21, 22

20, '11, 22

8
2
25
53
10
54
23
55
17
7
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1

2

3

4

5

6

7

31

29 X 106

.. 2 X 106

29 X 106

0

0

29 X 106

- 22 0

" 2

29 X 106

6
3.2 X 10

0

29 X 106

0

29 X 10

29 X 106

TABLE 3.4.3.3.2

MATERIAL CODES

V G1

.3 0

.15 1.39 X 10 6

0 0

C 0

0 1.39 X 106

0 11.5 X 106

0 0

G3

0

1.39 X 106

0

0

1.39 X 106

0

0

ITEH

Stee" FL

Cone.

Ax. Reba,

F..op Reb;

Cr Conc.

Seismic i

Boss Rebi

El

V1

G3

-Modulus of Elasticity in Vertical Direction ( #/in. 2 )

- Modulus of Elasticity in Horizontal Direction (#/in. 2 )

- Poisson's Ratio

- In Plane Shear Hudulus (#/In. 2 )

- Trarnverse Shear Modulus (#'in. 2 )

0
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TABLE 3.4.4.1

yr COHPUMTR LOAD COMIMITHMS

1. Vertical Eairthquake Load 1.25 (.05g)

2. Dead 7.oaJ

3. Pressure Load - 47 psi

4. Horizontal Earthquake Lxid (.10g - causing tension or. boa )

S. Thermal Wad 1

6. Thernmal Load 2

7. Theretal Load

*8. (1.0 + .05) D t LOP + I.OE' + 1.0 (T" + TI")

9. (1.0 + .05) D + I.OP + 1 .t)' + 1.0 (T" + TL"

*10. (1.0 + .05) 0 + 1.23p + 1.2-se + I.U (r' + TL')

11. (1.0 + .05) D + 1.2SP + 1..%- + l. U (T' + TL')

12. (1.0 + .05) * I.• 1. + l1. (T + TO)

*Earthquake causing compression on boss.

Y"The earthquake 900 from the hatch opening caujung naxInm *hear at the
opening was not included in this list since it vws not included in the
stress su•ary cablas which are con ened with tensile stresses only.
Consideration of this load ia given on sheets 69 through 72.

Revised 9/8/69 (
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TAB _ 3.4.5.2.1

C"~ARlSOtf OF E2U-.L--M~r -BATCH BOSS A.'W D .ISM-%L

LOK BOSS SMRESSES

LOAD - I. SP ftESSURE + r-MfvAATLMRE

£&QUUIPw PATC1-iwm
-_CALCULATICC4S

EQ; I pm'•r UAT- -COVYI ER
RESULTS

?A2FIL

113

106

MIR
RESAR
SThXSS
IKS~I)

46.25

28.3

0X.m

CKS1L

13.75

8.3

IN Fnm

113

106

STRESS

23.56

16.43

OUOrra
REBAR
SrRESS
(Kslý

10.48

6.85

CALCULATI0S

PAM~E inOR cN.r2

GMID SIE SIR

113 42.15 23.:

106 21.05 13.

*Personnel Lock Stresses do not include the effecc of the possible pressute and
tecqersture Increases knside the Lock. These ca!cul~aons are shoim ,In
Sheet 87.

R-27 Suoplement 6
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VERTICAL SEISMIC LOAD CTEM ION)

RismR Srv=S - BOSS LK211

PAME TYPE

113
301
200
199
198
197

112

185
184

183

110
159

158

157

156

155

108

140

139

138

137

136

106

122

121

120

119

11I

104
102
103

73
65

105
85

84
83

74
64

107

91

9t0
89

TNW-R

-. 0-6

- .01
-. 06
-. 14
-. 09

.03

.01
,01
.02

-. 17
-. 10

.05

.08

.13

V

.51

.18

CUTR

-. 05
.05
.13
.18

-. 04
-. 06

0

.08

.09

.16
-. 20

-. 15

-. 32.

.07

.04

.08

V

.15

.29

.35

76

62

-. 13

-. 14

.53

.51

109

97

96

95

78

.26

.40

.39

.44

-. 07

.52

-. 33

-. 23

-. 05

-. Ob

.19

.07

.24

.13

-. 09

- .09

- .07

0

.64

.62

.70 .63

. tcl70
111

I01

66

.44

.44

.5482

80

72

- .03 .65

.64

.13

.12

.41.

.69

Sheet I
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V1IjtcWA1 SRISMIC LOAD gmEs iOm

t•T•
MAIL MS'-CL~ IVAS OMOM~r IM

PA=L jW.

250

251

252

37

38

39

40

256

25i

258

59

60

61

62

4,3

64

65

66
$2,

262

263

264

89

90

91

.71

.70

.70

.70

.70

.70

.71

.75

.75

.75

.73

.59

.74

.72

.71

.65

.66

.67

.68

-. 04

-. 04

-. 04

-. 04

-. 04

- .03

-. 07
- .01

-. 03

-. 03

-. 03

-. 04

-. 05

-. 06

-. 06

-. 06

-. 04

-. 04

-. 04

- .03

- .02

-. 02

- .03

-. 03

-. 03

- .03

- .03

- .03

-. 03

-. 04
-. 04

OUTM

.10

.70

.69

.69

.70

.73

.75

.73

.74

.75

.80

.65

.76

.75

.74

.78

.77

.76

.76

.78

.77

.77

.78

.79

.81

R-- 1D1

0

-. 01

-. 01

-. 01

-. 04

-. 06
-. 01

-. 02
-. 03

-. 05

-. 04

-. 05

-. 06
- .07

-. 05

-. 05

-. 04

-. 04

- .03
- .03

-. 04

-. 04

-. 04

-. 03

-. 04

.r.04

-. 03

- .03

-.03

-.03

4

4

4

4

4

112

112

112

59

59

59

59

.79

.79

.78

.77

.76

.74

.72

.70

.68

.67

.67

.67

92

93
94

95

96

97

.83

.86

.88

.89

.90

.90

8-29
Sheet 2
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VkTICA

ME3AR STRES

ISEISMIC LM (TENSION)

3S - IYLUIMER - UPPER QUADRANT CKSI) 4
?AMfrL NO.

211

212

213

202

203

206

207

PANEL I'M

113

M1]

113

113

! 13

115

114

ON•z__ERv

.57

.56

.55

.54

208

209

210

217

218

21)

172

173

174

175

176

177

178

179

19s
223

224

225

150

151

152

153

154

114

114

2

2

2

2

2

5
5

60

6

6

6

2

2

.52

.47

.45

.45

.44

.44

.58

.58

.58

.57

.57

.56

.54

.52

.47

.48

.49

.60

.60

.59

.59

.59

. .9

.60

.03

-. 02

-. 02

- .02

-. 03

-. 03

-. 04

-. 04

-. 04

- .05

-. 05

- .i

- .03

-. 03

-. 03

-. 04

- .05

-. 06

-. 06

-. 06

-. 04

-. 04

-. 04

-. 04

-. 02

-. 04

-. 04

-. 04

-. 04

-. 07

-. 12

OUTER
v

.55

.54

.53

.53

.54

.59

.60

.61

.62

.62

.56

.57

.57

.58

.58

.58

.57

.5

.58

.56

.55

.55

.60

.60

H

-. 04

-. 03

-. 04

-. 04

-. 03

-. 02

-. 02

- .01

-. 01

-. 02

-. 03

-. 03

-. 03

-. 03

-. 03

-. 04

- .05

-. 06

-. 04

-. 03

-. 02

.01

0

-. 01
-. 01

-. 01
-. 04

-. 06

-. 12

I

2

2

2

5

5

5

.59

.59

.60

.62

.64

.63

R-30
Sheet 3
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VTICAL SXISM!c LOAD (LT•NSION)

R93AR STF3SS- CYL.INDE - UPPE QUADA NT (KSI))

PANqEL NO. ?AHKL TYPE

229

230

133
134

135

237

114

115

116

1

1

1

3

69

1

1

1

3

.63

.62

.58

.59

.54

.62

.60

.57

.55

H

-. 06

-. 05

-. 04

-. 04

-. 08

-. 06

-. 05

• -. 05

-. 04

V

.55

.63

.55

.52

.59

.62

.57

.52

.47

i_
.02

.01

.01

.02

.06

.0

-. 01

-. 01

.01

Sheet 3 (continut
Supplement 6
2170



DEAD LOAD

REBAR STRESS - BOSS

PANEL NO. PANEL TYPE

113

201

200

199

198

197

112

185

184

183

182

181

110

159

158

15"

156

155

108

140

139

138

137

136

fb4

102

103

81

73

65

105

85

84

83

74

64

107

91

90

89

76

62

109

97

96

70

INNER
H

.51

.14

.08

.48

1.11

.74

.28

-. 04

- .10

-. 16

1.38

.81

-. 40

-. 63

- .88

- 1.09

1.11

1.17

-2.20

-3.32

-3.23

- 3.,57

.37

.59

-3.99

-3.74

-3.61

-3.64

-4.30

-4.07

OUTER
H

.39

-. 39

-1.66

-1.41

.32

.48

.03

- .67

-. 75

-1.27

1.65

1.17

.11

-. 59

-. 30

- .63

2.73

1.93

v

-1.16

-2.27

-2.24

-2.71

-5.16

-.4.97

-5.18

-5.02

4 Supplement 6
2/7C

.39

.,53

-1.56

- .60

-5.76 -1.99

-5.45 -1.03

sheet

I
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I, DEAD LOAD

REBAR STRESS - BOSS (Continued)

PANEL NO. PANEL TYPE TI KNER

106

122

121

120

119

118

III

101

66

82

80

72

H

-4.40

-3.67

-3.73

-4.50

.21

.32

OUTER

.74

.71

.60

-. 02

-1.06

- .96

V

-5.48

-5.36

-3.46

-4.06

0

R-33 Sheet 4 (continued)
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DEAD LOAD

RIBAR. STRSS - CLIHNRR LOWER qUADRANT CKSI)

PANIEL 1N0.

250

251

252

37

38

39

40

256

257

258

59

60

61

62

64

65

66

82

262

263

264

89

90

91

92

93

94

95

96

97

63

PAIML TYPE

2

2

2

2

2

5

5

2

2

2

2

2

5

5

7

6

6

6

lo

INN•ER
V

-6.17

-6.13

-6.10

-6.11

-6.09

-6.06

-6.17

-6.67

-6.66

-6.66

-6.64

-6.61

-6.56

-6.42

-5.31

-5.92

-6.01

-6.08

-7.09

-7.09

-7.03
-6.94

-6.83

-6.68

-6.50

-6.32

-6.20

-6.13

-6.09

-6.08

-6.31

.37

.32

.32

.32

.36

.30

.59

.28

.24

.24

.28

.35

.45

.54

.50

.34

.37

.36

.25

.22

.22

.24

.27

.29

.29

.29

.30

.31

.34

.37

.54

OUTER
V

-6.12
-6.07

-6.03

-6.02

-6.12

-6.34

-6.55

-6.52

-6.58

-6.63

-6.70

-6.76

-6.77

-6.73

-6.96

-6.73

-6.73

-7.01

-6.90

-6.95

-7.04

-7.14

-7.29

-7.49

-7.70

-7.86

-7.95

-8.01

-8.06

-6.56

H

-. 09

.03

.08

.10

.12

.37

.52

.11

.21

.26

.30

.33

.40

4

4

4

4

a.

112

112

112

59

59

59

59

5

.51

.48

.48

.35

.33

.22

.28

.32

.34

.35

.35

.35

.34

.30

.28

.28

.29

.58

I

Sheet
Supplement 6
2/70
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ROAR STRESS - CYL1)D• UPPE" UADRANi tIMrý I . -9

211

213

202

203

206

207

208

209

210

217

218

219

172

173

174

175

176

177

178

179

195

223

224

225

I50

151

152

153

154
229

PAUEL TYP

113

113

113

113

113

115

114

114

114

114

2

2

2

2

2

5

5

5

60

6

6

6

2

2

2

2

2

5

5

5
1

INNER

-4.30

-4.23

-4.16

-4.06

-3.94

-3.46

-3.36

-3.30

-3.27

-3.26

-4.56

-4.56

-4.52

-4.48

-4.43

-4.35

-4.20

-4.04

-3.63
-3.64•

-3.70

-3.74

-4.88

-4.82

-4.79

-4.79

-4.78

-4.76

-4.84

-5.10
-5.16

H

.16

.15

.17

.20

.23

.29

.31

.33

.36

.40

.20

.21

.22

.27

.34

.43

.50

.49

.44

.31

.32

.31

.32

.30

.28

.29

.34

.30

.5"

.96

.49

OUTER

-4.19

-4.09

-4.05

-4.06

-4.11

-4.48

-4.60

-4.69

-4.75

-4.79

-4.40

-4.45

-4.49

-4.!54

-4.52

-4.55

-4.47

-4.50

-4.34

-4.27

-4.26

-4.89

-4.83

-4.78

-4.76

-4.85

-5.03

-5.21

-5.08
-5.37

H

.28

.26

.27

.27

.26

.16

.10

.09

.09

.11

.22

.22

.21

.22

.25

.31

.41

.47

.38

.32

.20

.17

-. 05

.03

.06

.05

.06

.29

.47

1.06
-. 20

Sheet 6
Supplement 6
2/70



DEAD LAD

WAR STMSS - CYLIDIER UPPER QUADRANT (KSI) C(CCNT'D)

PAIL HO.

230

133

134

135

237

114

115

116

PANEL TYPE

1

1

3

69

1
1

1

3

INNER
v.

-5.07

-4.01

-4.87

-4.48

-5.21

-5.05

-4.82

-4.57

H
.44

.36

.32

.66

.49

.46

.40

.31

OUTER
V

-5.18

-4.50

-4.28

-4.84

-5.17

-4.80

-4.35

-3.93

4
H

-. 06

-. 08

-. 15

-. 53

.05

.11

.06

-. 09

4

Sheet 6 (continue,

Supplement 6
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DrIT AL PRESSURE LOAD (47 psi)

REBAR STRESS - BOSS (KSI)

PANEL NO.

113
201
200
199
198
197

112
185
184
183
182
181

110
159
158
157
156
155

PANEL TYPE

104
102
103

81
73
65

105
85
84
83
74
64

107
91
90
89
76
62

INNER
H

18.66
14.70
14.91
18.38
21.68
21.09

14.20
14.64
15.02
19.36
22.74
20.19

8.13
9.51

11.91
16.26
20.42
21.04

8.63
10.01
12.42
15.58
16.87
16.93

9.85
8.08
7.88
9.75

20.22
19.13

V

16.27
15 20

13.87
15.29

11.79
11.09

7.34
9.16

7.59
9.16

OUTER
H_

1.30
2.05
3.60
7.00

15.65
17.16

.80
5.82

10.57
8.82

17.19
18.51

.51
5.45
9.59
8.85

23.44
24.71

1.42
17.51
19.41
13.77
z5.69
23.77

2.13
10.58
13.59
14.72
12.62
16.61

V

17.30
19.85

26.22
19.99

20.72
20.26

5.84
6.79

10.76
11.91

108
140
139
138
137
136

106
122
121
120
119
118

109
97
96
95
78
70

111
101

66
82
80
72

B-37 Sheet 7

Supplemant 6
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INTIRMAL PMSURE LOAD (47 PSI)

RIZRA STR.s - CYLINDER LOWER QU RANT

PANEL NO.

250

251
252

37

38

39

40

256

257

258
!9

60

61

62
63

64

65

66

82

262

263

264

89

90

91

92

93

94

95

96

97

2

2
2

2

2

2
5

22

2
2
2

5

5
5

7

6

6

6

4

4

4
4

4

112

112

112

59

59

59
59

INNER

11.48

11.22

10.89

10.55

9.92

9.04

9.04

10.00

9.90

9.89

9.91

10.09

10.61

11.44

12.91

11.08

12.25

12.57

12.43

9.12

9.46

9.81

10.33

10.90

11.42

11.73

11.72

11.70

11.88

12.12

21.03

20.93
20.95

21.09

21.46

22.60

22.68

20.66

20.75

20.90
21.14
21.39

21.56

21.53
21.26

20.80

21.30

20.94

20.98

18.31

18.12

18.07
18.06

18.09

18.16

18.32

18.61

18.80

18.85

18.57

( Ks. I)

OUTER
V

14.51

14.25

13.98

13.64

13.64

14.06

14.69

17.43

17.41

17.37

17.50

17.83

18.40

19.19

'.9.47

22.98

22.76

22.86

23.30

21.07

21.05

21.18

21.28

21.40

21.56

21.80

22.08

22.19

22.16

22.18

22.27

H

22.26

22.47

22.54

22.63

22.80

22.74

24.54

21.65

21.64

21.7.'

21.87

22.15

22.46

22.58

22.2U

21.85

19.85

19.63

19.09

19.05

18.92

18.67

18.48

18.31

18.79

18.25

18.19

18.31

18.07

17.56

17.0912.31 18.36

R-38 Sheet 8
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INERMM PRESSURE W,,AD (47 PSI)

ZREAR STRESS - CYLIDMER UPPER QUADRANT (Ms )

PANEL NO.

211

212

213

202

203

206

207

208

209

210

217

218

219
172
173

174

175

176

177

178

179

195

223

224

225

150

151

152

153

154

* 229

PANRL TYPE INNER
V H V

113

113

113
113

113

115

114

114

114

114

2

2

2

2

2

5

5

5

60

6

6

6

2

2

2

2

2

5

5
5

1

12.57

12.67

12.87

13.20

13.62

14.42

14.53

14.75

14.96

15.07

12.38

12.31

12.22

12.17

12.29

12.72

13.44

14.90

12.72

14.12

14.54

14.46

12.51

12.28

11.98

11.64

10.98

10.06

10.02
11.84

12.59

20.49

20.54

20.63

20.71

20.77

21.00

20.98

21.02

20.86

20.76

20.23

20.39

20.61

20.89

21.15

21.30

21.23

20.91

20.35

20.99

20.55

20.57

19.86

19.83

19.87

20.01

20.35

21.51

21.50
21.28

19.79

12.

12.

12.

12.1

l1.S

12.;

12.

12..

12.4

11.
ii.;

11.

11.411.1

12.
12.1

16.

16.

16.

16.

0'TMR
H

17 21.28

19 21.28

12 21.20

02 21.10

96 20.97

19 20.23

21 20.10

12 19.83

)1 19.60

98 19.41

96 21.34

78 21.34

52 21.40

63 21.53

82 21.78

22 22.04

37 22.04

K4 21.57

70 21.31

12 19.26

15 19.16

59 18.66

12.57

12.27

11.91

11.49

11.43

11.81

12.35

14.17

13.14

21.32

21.38

21.39

21.43

21.56

21.40

23.17
25.17

21.51

R-39
Sheet 9
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nTZRNAL PRESSURE LOAD (47 psi)

RDBA. STRESS - CYLINDER UPPER QUADRANT (CONT'D)

4
PANEL NO. PANIL TYP

230
133
134
135
237
114
115
116

1
1

3
69

I1

3

INNER

V H

12.42 19.51
11.47 18.54
11.24 18.57
8.10 17.34

12.23 19.14
12.01 18.80
11.61 18.62
11.15 18.67

OUTER

V

12.92
11.44
10.12
11.40
12.85
12.38
11.75
11.27

It

21.36
20.94
20.47
22.85
21.61
21.19
20.40
19.38

Sheet 9 "continued)

Supplement 6
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SYMMITKC HORIZONTAL SEISMIC LOAD_(.101t)

REBAR STRESS - BOSS (KSI)

PANEL NO. PANEL TYPE INNER

H V
113
201
200
199
198
197

112
185
184
183
182
181

101
159
158
157
1!6
155

108
140
139
138
137
136

106
122
121
120
119
118

104
102
103

81
73
65

105
a5
84
83
74
64

107
91
90
89
76
62

109
97
96
95
78
70

111
101

66
82
80
72

- .61
-. 34
-. 33
-. 65

-1.03
-. 80

-. 43
-. 26
-. 28
-. 39

-1.14
-. 79

.03

.13

.18
.10

-. 9.
-. 99

.88
1.48
1.34
1.43
-. 60
-. 68

f

1.65
1.49

1.47
1.42

1.86
1.70

2.86
2.,1

2.72
2.56

OUTER

H

-. 23
.07
.36
.46

-. 59
-. 71

-. 06
.08
.04
.36

-1.35
-1.10

-. 09
.06

-. 21
.00

- .13
-1.67

-. 27
-. 94

.21
- .09

.30
-. 06

- .49
-. 67
-. 66
-. 34

.23
.11

V

.07

.60

.38

.82

1.93
1.95

2.61
2.48

1.59
1.86

2.08
1.76
1.77
2.17
-. 52
-. 53

R-41
Sheet 10

Supplement C
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SYMMTXIC HORIZONrAL SEISXIC LOAD (.10)

REBAR STRESS - CYLINDER L(OJR QUABRA (fKSI)

PANEL NOU 2VANEL TYPR INNER OUTER

v H v H

250 2 2.59 -. 51 2.65 -. 12

231 2 2.69 -. 48 2.74 -. 23

252 2 2.79 -. 46 2.82 -. 31

37 2 2.90 -. 46 2.90 -. 36

38 2 2.99 -. 48 3.02 -. 40

39 5 3.06 -. 46 3.20 -. 56

40 5 3.18 -. 61 3.37 -. 68

256 2 2.95 -. 32 2.96 -. 18

257 2 3.07 -. 29 3.12 -. 27

258 2 3.18 -. 28 3.27 -. 33

59 2 3.,7 -. 31 3.42 -. 36

60 2 3.35 -. 36 3.55 -. 40

61 5 3.39 -. 42 3.66 -. 44

62 5 3.38 -. 47 3.72 -. 51

63 5 3.36 -. 48 3.69 -. 55

64 7 3.13 -. 44 3.95 -. 47

65 6 3.22 -. 35 3.92 -. 44

66 6 3.2Q -. 37 3.89 -. 36

82 6 3.34 -. 36 3.89 -. 33

262 4 3.24 -. 18 3.28 -. 18

263 4 3.36 -. 15 3.37 -. 23

264 4 3.42 -. 16 3.57 -. 26

89 4 3.47 -. 18 3.80 -. 27

90 4 3.48 -. 20 4.03 -. 28

91 112 3.46 -. 21 4.29 -. 28

92 112 3.43 -. 22 4.55 -. 27

93 112 3.39 -. 23 4.81 -. 26

94 59 3.36 -. 24 4.99 -. 23
95 59 3.34 -. 25 5.10 -. 21

96 59 3.34 -. 26 5.18 -. 20
97 59 3.34 -. 28 5.23 -. 20

n-4t2 Sheet 11
Supplement 6
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YMtMITKRIC HORIZONTAL SEISMIC LOAD (.10g)

RBAt SitISS - CYLINDER UW AR QUADRANT (SI)
- i

EAMNBNO.

211

212

213

202

203

206

207

208

209

210

217

218

219

172

i 73
174

175

176

177

178

179

195

223

224

225

150
151

152

153
154

229
230

PAN3L TYPE

113

113

113

113

113
115

114

114

114

114

2

2

2

2

2

5

5
5

60

6

6

6

2

2

2

2

2

5
5

5
1
1

INNER
V

1.23

1.22

1.22

1.20

1.16

1.00

.96

.94

.92

.93

1.43

1.50

1.55

1 .59

1.62

1.62

1 .57

1.49

1.46

1.32

1.35

1.38

1.66

1.72

1.79

1.88

1.96

2.04
2.15

2.28

1.85

1.91

H

-. 37

-. 39

-. 41

-. 43

-. 45
-. 50

-,51

-. 52

-. 53

-. 42

-. 46

-. 45

-. 46

-.49

-.54

-. 59

-. 63

-061

-. 60

-. 50

-. 48

-. 47

-. 57

-. 54

-. 56

-. 54

-. 57

-. 59
-. 72

-. 92

-. 67

-. 63

OUIER
V

1.29

1.36

1.46

1.59

1.73

2.26

2,40

2.49

2.55

2.59

1.44

1. 35

1.65

1.75

1.83

1.88

1.89

1.86

1.74

1.88

1.86

1.85

1.75

1.81

1.87

1.94
2.04

2.19
2.31

2.23

2.05
2.06

H

- .50

- .49

-. 51

-. 52

-. 53

-. 51

-,48

-. 47

-. 47

-. 48

- .41

-. 44

-. 46

-. 50

-. 54

-. 6)

-. 68

-. 72

--. 8

-. 60

-. 53

-. 50

-. 20

-. 30

-. 37

-. 41

-. 47

-. 62
-. 79

-1.18

-. 10
-. 240

Sheet 12
Supplement 6
2/70



PANEL NO,

133

134

135

237

114

115

116

SYMMTRIC HORIZONTAL SEISHIC LOAD (.10&)

AEBAR STUESS - CYLINDER UPPER QUADRANT (KSI) (CONT'D)

PANEL TYPE INNER OUTER
v H V

1 2.05 -. 56 1.97

3 2.14 -. 55 1.94

69 2.04 -. 70 2.20

1 2.14 -. 65 2.20

1 2.15 -. 63 2.09

1 2.12 -. 59 1.93

3 2.06 -. 55 1.77

II

-. 38

-. 37
-. 28

-. 34

-. 42

- .44

-. 39

I
Sheet 12(coatinued)

Supplement 6
2/70



THERMAL LOAD I

M, AR STRESS - BOSS. (KSI)

PANEL NO.

113
201
200
199
198
197

112
185
184
183
182
181

110
159
158
157
156
155

108
140
139
138
137
136

106
122
121
120
119
118

PANIL TYPE

104
102
103

81
73
65

105
85
84
83
74
64

107
91
90
89
76
62

109
97
96
95
78
70

111
101

66
82
80
72

INNER
H

-4.00
-4.70
-4.00
-2.41
-3.04
-3.36

-1.40
-6.30
-3.36

-. 63
-6.59
-4.98

-. 20
-5.44
-3.70

.11
-11.49
-7.87

-. 32
-6.89
-3.47

.12
-. 71
-. 43

-3.25
-4.45
-4.04
-2.07
-6.79
-6.77

-4.55
-4.27

-. 41
-4.16

-4.78
.25

-7.83
-8.78

-2.96
-1.94

OUTER
H

9.65
12.76
11.82
9.90

14.24
15.41

4.51
17.93
12.25
9.43

17.03
16.18

4.41
10.87
12.97
10.97
26.17
21.94

5.44
21.88
17.94
12.47
14.69
13.51

10.20
14.41
13.11
10.16
14.34
14.72

18.4C
19.93

19.55
22.65

27.11
20.45

25.34
26.19

0

R-45 Sheet 13
Supplement 6
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THERMAL LOAD I

CYLINDER TLMER OQUDRAT AKSfLfERAR STRESSES -

PANEL NO. PANEL TYPE

250

251

252

37

38

39

40

256

257

258

59

60

61

62

63

64

65

66

82

262

263

264

89

90

91
92
93
94
95
96

jR-46 97

2

2

2

2

2

5

5

2

2

2

2

2

5

5

5

7

6

6

6

4

4

4

4

4

112
112
112
59
59
59
59

INNER

2

-6.78

-6.95

-7.16

-7.56

-7.32

-6.12

-5.43

-6.05

-6.11

-5.96

-5.82

-5.72

-5.56

-5.27

-6.39

-1.03

-3.73

-5.25

-5.59

-1.84

--1.99

-3.54

-3.62

-3.73

-3.84
-3.85
-3.68
-3.71
-4.05
-4.41
-4.62

Ai

-10.70

- 9.66

- 8.74

-7.92

- 7.42

- 9.12

- 8.54

-12.35

-12.08

-11.72

-11.59

-11.52

-11.51

-11.53

-11.45

-10.66

-11.88

-10.55

-10.27

-14.72

-14.08

-14.37

-14.37

-14.27

-14.20
-14.18
-14.21
-13.93
-13.92
-13.75
-13.71

OUTSR

V

30.11

29.84

29.67

29.77

29.34

28.37

28.37

27.79

28.24

H.

23.19

21.67

20.40

19.35

18.93

20.99

20.45

19.19

18.32

4

2

2

2

2

2

2

2

2

2

2

2

2

2

2

2
2
2
2'
2
2
2
S

8.42 17.81

8.43 17.69

8.42 17.53

8.20 17.38

9,27 17.06

2.38 15.25

4.82 16.92

6.65 15.14

7.00 14.83

1.42 15.80

1.98 14.65

3.27 15.67

4.15 15.67

4.64 15.56

4.89 15.53
4.85 15.56
4.64 15.68
4.76 15.44
5.28 15.27
5.86 14.98
6.25 14.80
heet 14 tuoplemen
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THERMAL LOAD I

RRMlXSREMSS CYLINDIM UPPER QUADRA~r MKI)

PANEL NO, PANEL TYPE INNER OUTER

Y H v H

211 113 -5.65 -8.34 27.19 21.39

212 113 -5.76 -8.41 27.70 21.57

213 113 -5.96 -8.38 28.13 21.59

202 113 -6.19 -8.32 28.53 21.58

203 113 -6.40 -8.26 28.82 21.57

206 115 -6.55 -8.22 28.78 21.66

207 114 -6.59 -7.93 28.86 21.37

208 114 -6.81 -7.99 29.19 21.30

209 114 -7.03 -7.87 29.55 21.07

210 114 -7.16 -7.86 29.79 20.94

217 2 -6.03 -8.57 26.64 22.82

218 2 -5.97 -8.31 26.84 22.21

219 2 -6.01 -8.11 27.00 21.85

172 2 -6.00 -7.96 27.07 21.64

173 2 -5.92 -7.84 27.02 21.46

174 5 -5.80 -7.80 26.90 21.31

175 5 -5.52 -7.80 26.61 21.19

176 5 -6.54 -7.71 27.55 20.90

177 60 -1.54 -6.82 21.43 19.21

178 6 -4.08 -7.96 23.68 20.85

179 6 -5.50 -6.72 25.43 10..12

195 6 -5.81 -6.46 25.79 18.81

223 2 -5.95 -9.26 27.23 24.50

224 2 -6.10 -8.37 27.03 23.04

225 2 -6.30 -7.54 26.90 21.77

150 2 -6.70 -6.78 27.01 20.73 Sheet
R-l7 Supplement 6

2/70



THE1M4AL LOAD I

CYLTHMER UPPER OUADRANTRR~AU ~T1EI~ -

RFRAR RT"S'S - CYLINDER UPPER OUADRANT

PAHEL NO.

151

152

PANEL TYPE

2

5

154

229

230

133

134

135

237

114

115

116

153

5

1

1

1

3

69

1

1

3

5

INNER

V

-6.51

-5.44

-5.77

-5.90

-6.15

-6.89

-8.15

-3.83

-6.43

-6.27

-5.68

-4.73

-4.85

H

-6.33

-7.95

-7.58

-9.73

-8.66

-5.35

-4.93

- .81

-8.18

-7.73

-7.54

-7.60

-7.41

26.99

2&.19

27.63

25.88

27 05

21.19

27.74

26.48

24.58

22.49

25.50

(KSI) (Cont'd)

OUTER

26.59 20.:

25.63 22.

29

19

22.29

25 . 52

23.65

18.52

17.63

13.43

22.27

20.91

19.68

18.65

21.61

ESheet 15 (continued)

Supplement 6
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THERMAL LOAD I

*LINER STRESS - BOSS (C(I)

0 PANEL NO.

113
201

200

199

A 198

* 197

112

185

184

183

*182

R1&1
110

159

158

157

*r156
*155

108

140

PANEL TYPE

104
102

103

81

73
65

105

85

84

83

74
64

107

90

89

76

62

109

97

96

95

78

70

111

101

66

82

80

72

VERTICAL

4.74

.23

-3.31

-5.07

-12.38

-12.55

9.61

3.41

-1.18

1.44
-8.78

-13.72

1.22

-6.26

-8.53

-2.83

-18.87

-8.98

-5.63

-14.65

-6.98

-2.86

HORIZONTAL

-5.20

-6.74

-7.07

-5.88

-10.55
-11.24

-6.02

-11.51

-7.17

-4.34

-14.43

-13.74

-3.83

-12.67

-8.78

-4.79

-25.41

-17.10

4.90

-2.29

-5.63

-. 07

139

138

* 137

*136

106

122

121

120

X119
•rl18

-17.30

-18.60

-4.37

-6.61

-7.43

-5.94

-11.27

-10.32

-9.14

-9.07

4.59

-. 41

-4.65

-7.29

-14. 31

-14.58

*Correction factor of -2.60 ksi must be added to all liner stresses.

XFor correction factor see Sheet 1)

0
Sheet 16

Supplement 6
2/70
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*LINER STME

THERMAL LOAD I

SSES CYLINDER LOWER QUADRANT (KSI)

EANEL NO.

250
251
252

37
38
39
40

256
257
258

59
60
61
62
63
"14
65
66
82

262
263
264

89
90
91
92
93
94
95
96
97

PANEL TYPE

2
2
2
2
2
5
5
2
2
2
2
2
5
5
5
7
6
6
6
4
4
4
4
4

112
112
112

59
59
59
59

VERTICAL

-21ý65
-21.27,
-21.01
-21.21
-20.57
-19.60
-18.43
-20.56
-20.55
-20.22
-19.99
-19.81
-19.59
-19.15
. 20.81
-11.79
-16.47
-18.22
-18.61
-14.26
-14.26
-16.78
-17.09
-17.29
-17.47
-17 45
-17.21
-17.14
-17.70
-18.22
-18.55

HORIZONTAL

-24.63
-22.92
-21.46
-20.26
-19.37
-21.61
-20.43
-25.44
-24.91
-24.28
-24.04
-2:1.87
-23.76
-23.62
-23.94
-19.87
-23.14
-21.65
-21.36
-25.69
-24.66
-25.99
-26.09
-25.99
-25.96
-25.94
-25.93
-25.52
-25.64
-25.52
-25.52

I

*CorrecLton factor of-7.5 ksi must be added to al' linear stresses.

Sheet 17

Supplement 6

2/70
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THERMAL LOAD I

*LINER STRESS CYLINDER - UPPER QUADRANT CKSI)

PANEL NO.

21.1
212
213
202
203
206
207
208
209
210
217
218
219
172
173
174
175
176
177
178
179
195
223
224
225
150
1i; 1
152
153
154
229
230
133
134
135
237
114
115
116

PANEL TYPE

113
113
113
113
113
115
114
114
114
114

2
2
2
2
2
5
5
5

60
6
6
6
2
2
2
2
2
5
5
5

691
3

69
1
1
1
3

VERTICAL

-18.44
-18.74
-19.09
-19.46
-19.78
-19.95
-19.89
-20.27
-20.58
-20.79
-19.0]
-18.83
.18.81
- 18.74
-18.56
-18.34
-17.91
-19.40
-10.95
-15.38
-17.03
-17.40
-19.43
-19.13
-18.94
-19.10
-18.56
-17.71
-16.64
-18.31
-19.84
-19.41
-18.38
-20.06
-1 1. 08
-19.58
-18.81
-17.45
-15.68

HORIZONTAL

-20.39
-20.61
-20.68
-20.72
-20.74
-20.76
-20.32
-20.49
-20.40
-20.41
-21.15
-20.66
-20.32
-20.07
-19.83
-19.69
.-19.53
-19.80
-15.81
-18.90
-17.50
-17.23
-22.49
-21.00
-19.65
-18.55
-17.74
-19.88
-18.76
-19.63
-23.42
-21.59
-16.09
-15.90
- 7.25
-20.73
-19.66
-18.75
-18.06

*Correction factor of -7. 5 ksi must be added to all. liner stresses.

0
Sheet 1S

Supplement 6
2/70
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THERMAL LOAD II

REBAR STRESS - BOSS(KSI)

PANEL NO. PANEL TYPE INN.ER

j!
113
201
200
199
198
197
112
185
184
183
182
181
110
159
158
157
156
155
108
140
139
138
137
136
106
122
121
120
119
118

104
102
103

81
73
65

105
85
84
83
74
64

107
91
90
89
76
62

109
97
96
95
78
70

111
101

66
82
80
72

-4.63
-5.46
-4.66
-2.85
-3.17
-3.60
-1.62
-7.31
-3.9,
- .78
-7.29
-5.51
- .24
-6.34
-4.33

.09
-13.05
-8.83
- .44
-8.09
-4.09

.06
- .49
- .22
-3.89
-5.26
-4.77
-2.45
-7.76
-7.69

V

-5.53
-5.24

- .70
-5.14

-5.88
- .15

-9.84
-10.93

-4.23
-2.97

OUTER

H'

11.23
14.83
13.72
11.46
16.44
17.68
5.24

20.83
14.21
10.92
19.59
18.53
5.13

12.62
15.06
12.72
30.13
25.16

6.34
25.44
20.84
14.49
16.73
15.36
11.87
16.76
15.24
11.80
16.54
16.84

V

21.47
23.43

22.90
26.62

31.85
24.16

4
30.12
31.17

19.21
21.29

Sheet 19 4
H-52 Supplement 6
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TMWAK~L WAD, Ij

KZR STUSSES-McIlM LOR QUADRA)!T (CKSI)

. ZAIL NO. ?AWM TYP

250
251
252
37
38
39

40

256

257

258

39

60

61

62

64

~65
66

82

262

263

264

89

91
92
93
94
95

96

97

Dramv_

-8.32

-8.51
-6.77
-9.30

-9.06

-7.f5

-6.82

-7.15

-7.15

-7.18

-7.10

-6.93

-6.70
-,5.30

-7.52

-1.24
-4.31
-6.06

-6.46

-3.8:

-3.90

-3.90

-3.85

-3.84

-3.89
-3.94
-3.92

-4.15
-4.65

-5.08

-5.30

_vER
vii

-12.08
-10.88
-9.84
-8.92

-8.40
-10.48
-9.83

-.13.44

-13.32

-13.25

-13.34

-13.45

-13.59
-13.6;

-13.53

-12.54

-13.89
-12.28

-11.92

-14.53

-15.10
-16.00

-16.6,

-17.02

-17.16
-17.06

-16.76

-15.99
S-15.79

-15.71

-15.74

35.59 26.8S
35.26 24.91
34.98% 23.34
35.f)3 1 22.0;

?4.47 21.5!

33.31 23.9!

33.34 23.2f

32.30 22.51

32.68 21.5:

32.95 20.7C

33.03 20.1

33.05 19.79

33.04 19.51
32.85 19.34

34.16 19.0.'

26.47 17.04

29.08 19 01
31.20 16.SE

31.55 li.64

24.75 20. 1

Rt

4
&

4

4

112
112

112

59

39

59

59

25.60
26.96

28.94

29.28
29.11

28.61

28.45

28.98

29.66

30.14

1e.61
18.0C

17.0c,

16.79

16.8s

17.36

17.5;

17.56

17.OE

16.7E

Sheet 20

Supplezmnt 6
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UB3AR STMCS -CYLINDER UPM2R 0NA1RA~4T CKSI)

PA)NKL NO0. PA1ML 'ZYPZ NNE OL'Th

V H V H!
211 )13 4. i 7 -9.60 31.83 24.65

212 113 -ý.56 -9.54 31.88 24.64

213 113 -6.75 -9.48 32.25 24.64

202 113 -7.11 -9.42 32.81 24.65

203 113 -7.52 -9.37 33.38 24.66
206 115 -8.21 -9.36 34.15 24.85
207 114 -8. '4 -9.02 34.31 24.50

20F 114 -b ,A -9.08 34.64 24.39

209 114 -8.70 -8.9* 35.01 24.11

210 114 -8.86 -8.93 35.29 2).9%

217 2 -7.51 -9.65 31.64 26.44

218 2 -7.41 -9.50 31.87 25.4-4

219 2 -7.40 -9.18 32.00 24.86

112 2 -7.36 -8.98 31.99 24.59

173 2 -7.27 -8.85 31.86 24.43

174 5 -7.15 -8.84 31.68 24.34

175 5 -6.86 -8.86 31.33 24.29

9-70 5 -8.05 -8.77 32.44 23.99
1?7 60 -2.26 -7.74 25.35 22.03

178 6 -5.19 -9.05 28.02 23.90

179 6 -6.83 -7.60 30.07 21.i6

1-5 6 -7.18 -7.30 30.51 21.48

2 -7.43 -10.54 32.35 28.Z3
224 2 -7.62 -9.50 32.13 26.48

225 -7.,7 -8.52 31.99 24.96

150 2 --. 35 -7.63 32.10 23.70
151 2 -8.13 -7.10 31.5-A 23.11A

152 5 -6.85 -9.10 30.36 25.45

154 5 -7.23 -d.55 31.83 25.6U

229 1 -7.36 -11.02 33.51 29.38

230 1 -7.68 -9.77 32.86 27.19

133 1 -8.64 -5.93 30.84 21.18
134 3 -10.14 -5.45 32.20 20.16
135 69 -5.04 -. 61 25.26 15.22

R-54 Sheet 21

Suppl1 :t 6



rjzkM" LOAD I1

MX~ER STRESS CYhXIDRR MMqAR- XI hL _

26M, 9 MHO - 7AMZ Tl-fl

237

114

115

116

153

1
1

I
3

5

-8.04

-7.89

-7.24

-6.18
-6.16

R
-9.16

-8.68

-8.49

-8.58

-8.36

V

33.03

31.57

29 36

26.91

30.14

Sheet2l (convrL-i
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THERYAL LOW 1

*LINER STRESS - ROSS UKS11

PANEL NO. PAM ri 'n

113
201
00

199
*198
*197

112
185
104
183

A182
7K81.

110
159
158
157

it1.56
Itl 551.08

143
139
1.8

•t137

106
122
121
120

*1 Z9
lu I a

104
102
1.03
81
73
65

105
85

83
74
64

107
91
90
89
76
62

109
97
96

95
78
70

111
101

66
82
6%)
72

VERTICAL

5.50
.24

-3.92
-6.03

-14.56
-14.87

3.67
-1.47
1.55

-10.38
-16.29

1.33
-7.42'

-10.06
-3.43

-22.30
-10 96

-t,. 70
-17.23
-8.27
-3.50

-21.13
-22.60
-5.20
-7.78
-G. 72

-6.95
-14.20
-12.98

NORIZOWTAL

-6.03
-7.83
,-8.25
-6.93

-11.83
-12.73
-6.96

-13.36
-8.34
-5.12

-16.30
-15.67
-4.41

-14.66
-10.17
-5.57

-29.22
-19 .58

5.74
-2.60
-6.51

- .06
-10.60
-10.47

5.35
-. 47

-5.38
-8.46

-1 7.35
-16.96

*Corractiou factor of -6.29 ksi musc be added to all liner stre*ses.

'gFor correction factor zue Shect 23 .

Sheet 22
Supplo•n. 6
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T3•UYAL LOAD 11

*LUfk STIESSUS - CYhDMR LOWER QU&IRT KS!)

PAXEL NO.

250

251

252

37

38

35
40

256

257

238

59

60

61

62

63

64

65

66
82

262

263

PANEL TYPE

2

2

%=ERICAL

-25.74

-25.29

-25.04
, -25.29

-24.60

-23.50

-22.10

-23.70

-23.65

-23.66

-23.58

-23.38

-23.11

-22.55

-24.37

-13.82

-19.14

-21.14
-21.58

-17,88
-18.28

HORIZOUTAI

-28.35

-26.31

-24.63

-23.30

-22.35

-25.08

-23.76

-28.47

-28.06

0

-27.79

-27.76

-27.75
- 1. 79

-27.6)

-27.99

-23.18

-26.84

-25.04
-24.66

-27.50

-27 .;

-29.13

-29.91

-40.36

-30.54

-30.44

-30.12
-29.21

-29'.18

-29.17

-29.26

264

89

90

91

92

93

94

95

96

97

4

4

4

112

112

112

59

59

59

59

-18.90

-19.31

-19.61

-19.79

-19.78

-19.56

-19.53

-20.23

-20.88

-21.28

*COrrection fActor of -10 ksl =9-. b_ addeQ to all liner stresses.

Shqet 23
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flIKV)AL LOAD 11

*LIMK SMiSS- CYLIN~DER UPPER QPADRAN4T (KSI)

211
212

213

202
203

-- )M - -

113
113

113

113

113

VERTICAL

-21.69

-21.40

-21.71

-22.29

-21.93

HoRIZOAIT, L

-23.62

-23.46

-23.47

-23.58

-23.71

206

207

208

209
210

217

218

219

172

173

174

175

176

1?7

17E

179

195
223

224

225
150
151

152

153
154
229
230
1•3

134

115

114
114

114

114

2

2

2

2

2

5

5

60

6

6

6

2

2
2
2
2

5

5

I
I
I
3

69

-24 .03

-24.01

-24.35

-2-4.65

-24.90

-22.88

-22.57

-22.41

-22.26

-22.05

-21.83

-21.38

-23.14

-13.34

-18.48

-20.37

-20.78

-23.31

-22.97

-22.78
-22.98

-22.31

-21.29

-20.02
-21.95

-23.77
-23.38
-22.22
-24.24
-13.65

-24.07

-23.58

-23.73

-23.59

-23.61

-24.75

-23.93

-23.37

-23.02

-22.77

-22.67

-22.54

-22.90
-18.2)'

-21.82

-20.17

-19.84

-26.04

-24.28

-22.69
-21.39

-20.43

-22.95

-21.64
-22.62

-27.01
-24.89
-18.54
-18.34
-8.17

Shoot 24
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"MKR.AL LOAD It

*LflZX STRESSCYLINDER UPZjER QUADRANT (KSI)

OFW KXL NO.

237

114

115

11A

PANZL TYPE

1

3
3

VERTICAL

-23.53

-22.70

-21,17

-19.16

H0RIZONTA

-23.86

-22.65

-21.64

-20.90

*Correctiou factor of -10.0 ksi must be added to all liner stresses.

Shec'. (continued)
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THERVA'L LOAD III

REBAR STRESS - BOSS (ICSI)

PAHE. HNO, PAMEL TYPE

113
201
200
199
198
197

112
185
184

183

182

181

110

159

158

157

156

155

108

140

139

138

137

136

106

122

121

120

119

11E

104
102
103

81
73
65

105
85
84

83

74

64

107

91

90

89

76

62

109

97

96

95

78
70

111
101

66

82

80

72

INNER
H

-4.92
-5.83
-4.(99
-3.07
-5.94
-3.68

-1.69
-7.82

-4.19

-. 83

-7.63

-5.75

-. 24

-6.78

-4.62

.13

-13.87

-9.33

-. 43

-C.65

-4.34

.12

-. 41

- .11

-4.12

-5.60

-5.08

-2.56

-.8.31

-8.23

V

-3.21
-5.65

-. 76

-5.57

-6.36

-. 28

-10.80

-11.99

-4.80

-3.40

OMUER
H

12.06
15.94
14.76
12.32
17.61
18.87

5.63
22.41

15.28

11.76

20.89

19.75

5.51

13.58

16.21

13.71

32.23

26.87

6.82

27.40

22.48

15.61

17.94

16.44

12.76

18.05

16.41

12.71

17.76

18.02

v

23.19
25.41

24.82

28.88

34.64

26.361

32.84

33.95

21.00

23.27

Sheet 25
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THMM1AL WOAD III

KXSA SrtIS SXl - CYLINDER LCIIR WUADWT (1KSI)

PANZL NO., PA1'ZL TYPE

250

251

252

37
38

39

40

256

257

258

59

60

61

62

63

64

65

66

82
262

263

264

89
90

91

92
93

94

95

96
97

INNER

-9.14

-9.36

-9.61

-10.13
-9.83

-8.28

-7.39

-7.84

-7.88'
-7.87

-7.74

-7.54

-7.31

-6.91

-8.27

-1.61
-4.90

-6.74

-7.14

-3.97

-3.99

-4.28

-4.54

-4.76

-4.93

-4.93
-4.72

-4.76

-5.19

-5.91
-5.91

H
-13.22

-11.90

-10.75

-9.72
-9.10

-11.29

-10.54

-15.24

-14.92

-14.58

-'14.39

-14.27

-14.27

-14.31

-14.21

-13.23

-14-.72

-13.06

-12.71

-17.67

-17.38

-17.44

-17.43

-17.38

-17.32

-17.30
-17.36

-17.02

-17.02

-16.80
-16.75

38.57

38.20

37.94

36.03
37.45
36.19

36.16

34.79

35.17
35.53

35.68

35.71

35.65

35.35

36.64

28.33

31.09

33.38
33.83

26.61

27.52

28.61

29.53
30.20

30.55

30.54
30.36
30.56
31.27

32.03
32.53

2

2

2

2

2

2

2

2

2

1
2

7

6

6
6

4

4

4

4

4

112

112
112

59

59

59
59

Sheet 2b
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THERMWAL MOAD III

RunA sTruSS - cYLnnmR UPPER RMADRANT (KSI)

?PA)EL -NO, IANV!. TYPE OUTER

v _HV H

211.
212
213
202
203
206
207
208
209
210
217
218
219
1 72
173
174
175
176
177
178
179
195
223
224
225
150
1 51

152
154
229
230
123
134

2J7
114
115
116
153

113
113
113
113
113
115
114
114
114
114

2
2
2
2
2
5
5
5

60
6
6
6
2
2
2
2
2
5
5
I
1
1

3
69

I
1
1

3
5

-7.78
-7.92
-8.17
-8.46
-8.72
-8 90
-8.96
-9.24
-9.52
-9.69
-8.28
-8.21
-8.25
-8.24
-8.13
-7.96
-7 60
-8.83
-2.58
-5.70
-7.42
-7.80
-8.19
-8.40
-8.66
-9.17
-8.93
-7.56
-7.93
-8.13
-8.47
-9.50

-11.13
-5.61
-8.85
-8.69
-7.99
-6.84
-6.79

-10.06
-10.15
-10.10
-10.03

.0-9.96
-9.93
-9.S7
-9.65
-9.52
-9.50

-10.33
-10.02
-9.77
-9.58
-9."4
-9.40
-9.40
-9.28
-8.17
-9.57
-8.02
-7.70

-11.17
-10.07

-9.03
-8.09
-7.53
-9.59
-9.05

-11.75
-10.41

-6.28
-5.76

-. 52
-9.82
-9.29
-9.08
-9.19
-8.88

35.01
35.64
36.15
.6.63
36.99
37.04
37.20
37.66
38.14
38.45
34.34
34.57
34.75
34.80
34.72
'14.54
34.16
35.31
27.68
30.51
32.70
33.16
35-13
3 -%.8 7
34.'9

34.23
32.95
34.62
36.41
35.70
33.50
34.99
27.50
35.90
34.35:
31.97
29.34
32.75

26.2
26.4
26.4
26.4
26.6
26.(

26.1
26.C0
25.7'
25.51
28.0]
27.24
26.8.
26.5S
26.3
26.1
26.0;
25.6.
23.5t
25.41
23.31
22.81
30.1:
28.31
26.7:
25.44
24.9:
27.3.
27.4.
31.3
29.0
22.6
21. 5'
16.2
27.2,
25.6'
24.11
22.8,
26.6:

Sheet 27
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THERMAL LOAD III

0

0

*LINER STRESS - BOSS ((KSI)

PAMEL NO.
IL 3

201
200
199

*193
*197

112
185
184
183

A182
*181

110
159
158
157

VI 56
*155

PAN197 TYPE

104
102
103
81
73
65

VERTICAL

5.91
.27

-4.18
-6.43

-15.58
-15.98

HORIZONI

105
85
84
83
74
64

107
91
90
89
76
62

109
97
96
95
78
70

111
101
66
82
80
72

11.98
3.96

-1.54
1.73

-11.12
-17.55

1.46
-7.94

-10.75
-3.58

-24.04
-11.94

-7.12
-18.44
-8.80
-3.6r,

-23.07
-24.66

-5.52
-8.31
-9.32
-7.40

-15.65
-14.30

-6.41
-8.37
-8.83
-7.44

-12.45
-13.42

-7.41
-14.29
-8.93
-5.48

-17.22
-16.60

-4.70
-15.71
-10.90
-5.96

-31.2d
-20.85

6.17
-2.78
-6.96

-. 03
-11.36
-11.14

5.75
-. 50

-5.78
-9.09

-18.72
-18.27

108
140
139
138

*137
,V136

106
122
121
120

*119
*118

*Correction factor of -8.15 ksi must be added to all liner stresses.

*For correction factor see sheet 29.

Sheet 28
-63 Supplemenlt 6
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THER.MAT LOAD III

*LINR STIRESSES CYLINDER LOWR QUADRANT (KSI)

PANEL NO.

250
251
252

37
38
39
40

256
257
258

59

60
61
62
63
64
65
66
82

262
263
264

89
90
91
92
93
94
95
96
97

PANEL TYPE

2
2
2
2
2
5
5

2
2
2
2

2

5

5
5
7
6
6
6
4
4
4
4
4

112
112
112

59
59
59
59

VERTICAL

-28.05
-27.58
-27.28
-27.48
-26.67
-25.41
-23.87

-25.93
-25.87
-25.76
-25.53

-25.21
-24.88

-24.29
-26.31
-15.09
-20.80
-22.92
-23.37
-19.68
-19.76
-20.42
-20.97
-21.39
-21.60
-21.66
-21.37
-21.31
-22.01
-22.67
-23.10

HORIZONTAL

-30.74
-28.56
-26.72
-25.24
-24.14
-27.00
-25.48

-31.44
-30.84
-30.28
-29.92

-29.64
-29.50

-29.34
-29.73
-24.68
-28.65
-26.77
-26.39
-31.68
-31.21
-31.54
-31.70
-31.77
-31.78
-31.76
-31.77
-31.26
•31.42
-31.28
-31.29

*Correction factor of-11.4kai must be added to all liner stresses..

Sheet 29
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TIMRMAL LOAD III

*LM•NR STRESS CYLMNDER UPPER QUADRANT (KS 1)

PAKRL NO..

211
212
213
202
203
206
207
208
209
210
217
218
219
172
173
174
175
176
177
178
179
195
223
224
225
150
151
152
153
154
229
230
133
134
135
237
114
115
116

PANEL TYPE

113
113
113
113
113
115
114
114
114
114

2
2
2
2
2
5
5
5

60
6
6
6
2
2
2
2
2
5
5
5
1
1

3
69

1
1
1
3

VERTICAL

-24.04
-24.41
-24.84
-25.30
-25.70
-25.94
-25.89
-26.38
-26.78
-27.06
-24.78
-24.56
-24.52
-24.43
-24.20
-23.90
-23.33
-25.13
-14.57
-20.,>4,
-22.03
-22.46
-25.34
-24.97
-24.75
-24.98
-24.27
-23.17
-21.78
-23.83
-25.86
-25.45
-24.19
-26.40
-14.94
-25.64
-24.73
-23.09
-20.94

HORIZONTA

-25.22
-25.50
-25.58
-25.63
-25.66
-25.71
-25.18
-25.40
-25.29
-25.32
-26.18
-25.57
-25.16
-24.84
-24.55
-24.37
-24.16
-24.48
-19.49
-23.27
-21.50
-21.14
-27.83
-25.98
-24.30
-22.94
-21.92
-24.65
-23.20
-24.2v
-28.97
-26.70
-19.88
-19.67
-8.68

-25.65
-24.36
-23.29
-22.50

I,

*Correction factor of -11.4 khi must be added to all liner stresses.

Sheet 30
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LOAD COMBINATION 8

(1.0 ± .05) D + L.OP + 1.0 (T" + TL") + 1.OE'

*INIR STRESS -. BOSS -(KsI)

PANW4. NO.
113
201
200
199

7 198
*197

112
185
184
183

Vr182
)t181

11o
159
158
157

*t156
XY155

108
140
139
138

)tM137
A136
106
122
121
120

X119
*118

PANEL T"YPE
104
102
103

81
73
65

105
85
84
83
74
64

107
91
90
89
76
62

109
97
96
95
78
70

ill
101

66
82
80
72

VERTICAL
4.48
2.18
1.65
4.23
4.87
3.18
7.75
1.58
1.71
8.02
4.95
2.04

.60
-11.50
-10.69

.62
-9.05

.97
-2.84

-16.74
-5.69
.14

-15.43
-13.45

-2.20
-5.07
-4.22
-2.00
-8.14
-5. ^

HORIZONTAL
19.51
13.23
13.30
20.52
20.78
17.59
20.65
15.59
19.87
29.72
16.83
13.48
13.89
14.26
21.63
34.04

-. 85
8.51

14.70
13.40
17.60
32.72
8.56

10.21
8.70
6.18

11.58
18.58
9.60
8.30

*Correction factor of -2.6 kal must be added to all liner stresses.

*For correction factor see sheet 32

Sheet 31

supplement 6
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WAD COMBIn(TI- 8

(1.0 + .05) D + 1.0? + 1.0 (v1 + Tw.) + 1.0K'S
*1.1)JY~D ~ - tWLTND!~ LOJER OUADRA)?? CKSI)

*f-TwTR 1qrv25S. - CYLnM9R LOWER OUADRANT (KSI)

PA.EL 1N.
250
251
252

37
38
39
40

256
257
258

59
60
61
62
63
64
65
66
82

262263
264

89
90
91
92
93
94
95
96
97

PANEL TYPE
2
2
2
2
2
5
5
2
2
2
2
2
5
5
5
7
6
6
6
4
4
4
4
4

112
112
112

59
59
59
59

VERTICAL
-14.79
-14.99
-15.42
-16.18
-16.31
-16.11
-15.13
-17.74
-18.03
-17.78
-17.48
-16.94
-15.81
-13.92
-13.20

-5 92
-b.70

-10.11
-10.80
-15.13
-15.01
-16.99
-16.33
-15.31
-14.12
-12.81
-11.57
-10.68
-10.37
-10.23
-10.16

HORIZONTA
- .47

.67
1.84
3.05
4.25
2.96
4.41

-3.43
-3.01
-2.24
-1.60

-. 83
0

.78
.95

3.89
1.69
2.81
3.06

-7.32
-6.56
-7.73
-7.45
-6.87
-6.29
-5.65
-5.01
-4.13
-3.89
-3.76
-3.77

*Correction factor of -7.5 ksi must be added to all liner stresses..

0
Sheot 32
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LOAD COMNATIOTL 8

(1.0 + .05) D + 1.OP + 1.0 (T" + TL") +I 1.09'

*LT.wRv AI'RR• rt.Tunv'vI ll'DVVD ITAnDAUr VOT
M - -. n.... ... ~fl Mt~OSfl~ S *L J%~

PANEL NO.
211
212
213
202
203
206
207
208
209
210
217
218
219
172
173
174
175
176
177
178
179
195
223
224
225
150
151
152
153
154
229
230
133
134
135
237
114
115
116

PANEL TYPE
113
113
113
113
113
115
114
114
114
114

2
2
2
2
2
5
5
5

60
6
6
6
2
2
2
2
2
5
5
5
1
1
1
3

69
1
1
1
3

VERTICAL
-5.39
-5.49
-5.21
-4.66
-3.86

-. 64
.20
.65
.93

1.01
-6.84
-6.78
-6.78
-6.56
-5.97
-4.85
-3.05
-2.07

3.55
1.72

.52
-. 07

-8.49
-8.52
-8.418
-9.07
-9.31
-9.31
-8.45
-8.06
-8.27
-8.41
-9.90

-12.05
-6.82

-10.29
-10.02
-9.20
-7.96

NORIZONTAL
4.59
4.31
4.64
5.11
5.60
7.15
7.83
8.04
8.19
8.22
3.36
3.96
4.61
5.37
6.23
7.01
7.66
,.79

10.12
8.64
9.55
9.80
1.44
3.04
4.31
5.45
6.51
5.44
6.62
6.05
1.70
2.12
5.76
5.94

12.40
2.06
2.55
3.26
4.14

*Correction factor of -7 5 kni muat be added to all liner stresses.

Sheet 33
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LOAD COMBINATION 9

(1.04.051 D+I.OP+1.0 (T'4TL") +I.OE'
REBAR STRESS - %oSS MKsI)

PAMU TYPE INMRE OI:ER.

H VH v
113
201
200
199
198
197
112
185
184
183
182
181
110
159
158
157
156
155
108
140
139
138
137
136
106
122
121
120
119
118

104
102
103
81
73
65

105
85
84
83
74
64

107
91
90
89
76
62

109
97
96
95
78
70

111
101

66
82
80
72

14.15
9.60

10.46
15.35
17.92
17.09
12.37
7.93

11.17
18.03
15.47
14.62
7.64
3.78
7.79

15.71
8.41

12.58
7.96
2.82
8.53

15.08
15.65
15.93
6.38
3.49
3.70
5.72

12.81
11.80

11.20
10.38

12.97
10.54

6.57
10.83

-. 55
.18

4.54
6.99

8.29
14.61
15.17
16.53
29.24
31.87
5.24

23.37
22.32
17.83
33.45
33.93
4.86
15.96
22.03
19.34
48.49
45.60
6.76

38.45
36.47
25.65
39.33
36.39
12.16
24.53
26.16
24.35
26.49
30.76

34.94
39.00

44.67
41.84

46.84
39.91

31.18
32.91

26.58
29.37

Sheet 34
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LOAD COMBINATION 9

(1.0p.05)- D+I.OP-1.0 Z(T"+TL,) +1.OE'

R~EAR RTRW~RR~ - t~YT.TUDV~ 11UPR nVITAIWAWMT fVQT'%
REBAR STRESSES - CYLINDER

I

PAWEL NO. PANEL TYPE

250
25.
252

37
38
39
40

256
257
258

59
60
61
62
63
64
65
66
82

262
263
264

89
90
91
92
93
94
95
96
97

2
2
2
2
2
5

2
2
2
2
2
5
55
7
6
6
6
4
4
4
4
4

S12
112
112

59
59
59
59

INNER

V

3.82
3.56
3.25
2.68
2.43
2.88
3.66
3. ý3
3.27
3.S8
3.88
4.30
5.08
6.28
6.66

10.22
8.71
7.53
7.08
6.68
7.03
5.98
6.53
7.09
7.58
7.95
8.17
8.16
8.02
7.91
7.90

H V

OUTER

9.84
10.83
11.78
12.74
13.58
1V .00
13 .66
8.05
8.4",
8.93
9.30
9.61
9.76
9.68
9.49
¶.. 84
9.12

10.08
10.41

3.53
3.98
3.64
3.61
3.73
3.85
4.03
4.21
4.74
4.78
4.67
4.50

43.93
43.60
43.25
43.12
42.78
42.32
43.05
44.64
45.27
45.60
45.91
46.41
47.10
47.80
49.23
46.11
48.18
50.12
50.91
42.02
42.76
44.45
45.71
46.59
47.27
47.71
48.00
48.38
48.97
49.65
50.16

45.24
43.77
42.50
41.50
41.22
43.19
44.35
40.65
39.71
39.30
39.35
39.48
39.61
39.56
38.85
36.74
36.46
34.48
33.65
34.74
33.43
34.19
33.99
33.77
33.66
33.65
33.74
33.63
33.24
32.46
31.82

Sheet 35
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LOAD COMBINATION 9

(1.0 + .05) D + 1.OP + 1.0 (T" + TV") + 1.OE'

REBAR STRESS - CYLINDER UPPER QUADRANT (KSI)

PANEL NO. PANE!. TYPE INNER OUTER
v H V

211 113 .. 65 11.62 38.05 42
212 113 5.70 11.71 38.70 42
213 113 5.67 11.81 39.34 42
202 113 5.80 11.91 39.88 42
203 113 6.03 11.99 40.32 41
206 115 6.80 12.23 41.06 41
207 114 6.88 12.50 41.28 4C
208 114 6.88 12.49 41.59 40
209 114 6.87 12.44 41.90 40
210 114 6.86 12.36 42.14 39
217 2 5.06 11.09 37.52 43
218 2 5.15 11.56 37.68 43
219 2 5.17 12.00 37.70 42
172 2 5.23 12.40 37.80 42
173 2 5.48 12.75 38.13 42
174 5 6.09 12.92 38.51 42
175 5 7.10 12.85 38.55 42
176 5 7.55 12.65 40.06 41
177 60 10.45 13.00 37.64 39
178 6 9.29 12.48 39.39 39
179 6 8.29 13.30 41.18 37
195 6 7.91 13.57 41.97 36
223 2 5.56 10.15 38.45 45
224 2 5.35 10.79 38.00 44
225 2 4.78 11.69 37.90 42
150 2 4.15 12.61 37.81 41
151 2 3.81 13.41 37.45 41
152 5 4.09 12.89 36.91 42
154 5 5.59 13.05 40.53 46
229 1 5.17 9.22 40.84 47
230 1 4.80 10.42 40.43 44
133 1 3.99 12.71 36.89 38
134 3 2.62 13.13 36.82 37
135 69 3.96 16.01 32.22 35
237 1 4.96 10.45 40.06 43
114 1 5.07 10.57 38.39 411
115 1 5.41 10.58 35.93 39
116 3 6.00 10.57 33.42 37
153 5 4.72 13.43 37.33 43

0

Sheet 36
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LOAD COMBINATION 10

(1.0 + .05)D + 1.251 + 1.0 (T' + TL') + 1.25E

*1TNR STRESS - BOSS (KSI)

VANEL NO,
113
201
200
199
*191;
*197
11?
16.1
184
183

*182
"N181

110
159
158
157

*156
*155

108
140
139
138

*137
*136

106
122
121
120

*119
*118

FANEL TYPE
104
102
103

81
73
65

105
85
84
83
74
64

107
91
90
89
76
62

109
97
96
95
78
70

111
101

66
82
80
72

VERTICAL
5.32
3.28
3.93
8.08
9.79
7.30
9.22
2.94
4.14

12.63
9.12
5.77
2.30

-10.82
-9.07
4.96

-7.33
3.88

.35
-14.96
-2.17
5.42

-14.75
-12.47

1.01
-2.80
-1.72
1.54

-6.16
-2.87

HORIZONTAL
24.22
16.84
17.2Z
25.88
27.01
23.26
25.53
20.10
24,88
36.78
22.28
18.34
16.80
17 .'4
26.49
41.37

1.61
12.27
16.81
15.75
21.77
40.05
11.92
13.94
9.98
7.56

14..52
23.52
13.81
12.16

*Correction factor of -6.29 kai must be added to all liner stresses.

*For correction factor ate Sheet 38.

I
Sheet 37Supplem.,ent 6
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LOAD CO*BINATION 10

(1.0 + .05) D + 1.25P + 1.0 (Tt + TL') + 1.25E

*LINER STRESS CYLINDER LOWER QUADRANT (IKSI
I BI m m I II m -- --

PANEL NO. PANEL TYPE

250
251
252

37
38
39
40

256
257
258

59
60
61
62
63
64
65
66
82

262
263
264

89
90
91
92
93
94
95
96
97

2
2
2
2
2
5
5
2
2
2
2
2
5
5
5
7
6
6
6
4
4
4
4
4

112
112
112

53ý
59
59
59

VERTICAL

-13.02
-13.18
-13.64
-14.53
-'.4.78
-14.63
-13.48
-15.56
-15.78
-15.84
-15.67
-15.04
-13.73
-11.55
-10.61

-2.80
-5.74
-7.33
-8.12

-13.99
-14.15
-14.11
-13.42
-12.36
-11.06

-9.75
-8.61
-7.84
-7.66
-7.63
-7.61

HORIZONTAL

2.58
4.02
5.42
6.78
8.07
6.61
8.05

.16

.51

.96
1.46
2 12
2.84
3.60
3.83
7.11
4.97
6.33
6.72

-3.22
-3.98
-4.93
-5.28
-5.21
-4.78
-4.02
-2.99
-1.59
-1.16
-1.20
-1.33

0

*Correction factor of -10 ksi must be added to all liner stresses.

Sheet 38
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LA1 CaBINATION 10

(1.0 + .05) D + 1.25P + 1.0 (T' + TL') + 1.25E

*LINEhR STRESS CYLINDER UPPER QUADRANT (KSI)

LPHEL NO,.

211
212
213
202
203
206
207
208
209
210
217
218
219
172
173
174
175
176
177
178
179
195
223
224
225
150
151
152
153
154
229
230
133
134
135
237
114
115
116

PAML- TYPE

113
113
113
113
113
115
114
114
114
114

2
2
2
2
2
5
5
5

60
6
6
6
2
2
2
2
2
5
5
5
1
1
1
3

69
1
1
1
3

VERTICAL

-2.77
-2,25
-1.90
-1.47

-. 90
1.45
2.22
2.74
3.06
3.11

-4.88
-4.66
-4.52
-4.21
-3.55
-2.34

-. 39
.71

6.59
4.62
3.27
2.61

-6.42
-6.47
-6.52
-7.21
-7.50
-7.52
-6.53
-5.99
-6.42
-6.57
-8.10

-10.52
-5.08
-8.40
-8.10
-7.19
-5.80

HORIZONTAL

8.09
8.24
8.66
9.10
9.53

10.85
11.58
11.83
12.00
12.01

6.37
7.37
8.30
9.22

10.14
10.92
11.53
11.64
14.14
12.72
13.79
14.13
4.42
6.20
7.71
9.08

10.33
9.18

10.39
9.62
4.39
5.14
9.34
9.5t

16.55
5.15
5.71
6.48
7.45

*Correctton factor of -10 kaL must be added to all liner stresses.

4
Sheet 39
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LOD COMBINATION 11

(1.0 + .05) D + 1.25P + 1.0 (T' + TL') + 1.25E

REBAR STRESS - BOSS (S SI

PANEL NO.

113
201
200
199
198
197
112
185
184
183
182
181
110
159
158
157
156
155
108
140

O 139
138
137
136
106
122
121
120
119
118

PANEL TYPE

104
102
103
81
73
65

105
85
84
83
74
64

107
91
90
89
76
62

109
97
96
95
78
70

111
101

66
82
80
72

INNER

IL
18.37
12.61
13.62
19.70
23.56
22.38
15.83
10.63
14.42
22.80
20.85
19.41
9.60
5.19

10.04
19.64
12.26
17.20
9.63
3.51

10.44
13.29
20.16
20.58
7.37
4.00
4.22
6.46

17.04
15.83

13.58
12.55

15.50
12.74

7.63
12.47

-1.85
- .73

4.10
7.23

OUTER

9.63
17.14
17.80
19.62
35.52
38.64
6.19

27.66
26.85
21.35
40.76
41.27

5.74
19.01
26.55
23.27
59.03
55.57
8.10

46.67
44.06
31.08
47.57
44.12
14.53
29.75
31.90
29.76
31.71
36.95

42.
47.:

54.3
50.3

55.6
47.8

36.3
38.6

31.7
35.1

Sheet 40
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LOAD1 COMBINATION 11

(1.0 + .05) D + 1.25P + 1.0 (TV

REBARt STRESSES - CYLItMDE L(1JE

+ TL') + 1.25E

• J1qRANT t'(KsI
REBAR STRESSES - CYLINDER LOWE'.' '=DRANT (KSQ

PANEL NO.

250
251
252

37
38
39
40

256
257
258

59
60
61
62
(33
b4
b5
66
82

262
263
264

89
90
91
92
93
94
95
96
97

PANEL TYPE

2
2
2
2
2
5
5

2
2
2
2
2
5
5
5

7
6
6
6
4
4
4
4
4

112
112
112

59
59
59
59

INNER
V
4.04
3.67
3.19
2.38
1.94
2.36
3.27
3.42
3.45
3.55
3.78
4.30
5.29
6.84
7.54

ii .68
10.12
8.80
8.25
5.66
6.16
6.73
7.55
8.38
9.10
9.56
9.69
9.53
9.32
9.23
9.26

H
13.86
14.97
16.04
17.13
18.10
17.42
18.20
12.21
12.46
12.72
12.93
13.14
13.21
13.10
12.90
13.31
12.55
13.69
14.10
8.35
7.54
6.57
5.92
5.56
5.50
5.79
6.44
7.44
7.68
7.42
7.12

Sheet 41

OUTErRv_
51.91
51.43
50.90
50.60
50.09
49.49
50.35
52.28
52.79
53.14
53.52
54.07
54.89
55.81
57.59
54.30
56.75
59.03
59.99
49.28
50.28
52.01
53.52
54.68
55.43
55.73
55.71
55.82
56.33
57.07
57.68

If
54.51
52.70
51.16
49.97
49.63
51.96
53.47
49.60
48.44
47.67
47.30
47.23
47.34
47 32
46.56
44.14
43.64
41.34
40.34
43.92
42. 28 1
41.28
40.46
39.89
39.58
39.62
40.05
40.37
40.07
38.97
38.08

E
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LOAD CO43INAT1XtN 11

(1.0 + .05) D + 1.25P + 1.0 (T' + TL') + 1.25E

REBAR STRESS - CYLINDER UPPER QUADRNT (KSI)

PANEL NO. PANEL TYPE INNER OUTER
v H V H

211 113 7.01 15.60 45.09 51
212 113 7.40 15.81 45.25 50
213 113 7.44 15.97 45.78 50
202 113 7.55 16.11 46.41 50
203 113 7.73 16.21 47.06 50
206 115 8.29 16.47 48.49 49
207 114 8.40 16.78 48.74 49
208 114 8.52 16.77 48.98 48
209 114 8.59 16.71 49.25 48
210 114 8.58 16.61 49.50 47
217 2 5.95 14.92 44.77 52
218 2 6.04 15.60 44.88 51
219 2 6.07 16.20 44.86 51
172 2 6.14 16.74 44.89 51
173 2 6.44 17.18 45.07 51
174 5 7.17 17.39 45.48 51
175 5 8.42 17.31 46.03 51
176 5 9.11 17.02 47.36 50
177 60 12.35 17.3( 44.92 48

* 178 6 11.18 16.78 46.98 47
179 6 10.09 17.69 49.12 45
195 6 9.66 18.01 50.11 44
223 2 6.36 13.96 45.93 54
224 2 6.03 14.78 45.38 53!
225 2 5.35 15.83 45.12 51.
150 2 4.53 16.93 44.89 50.
151 2 4.04 17.90 IA4.36 49
152 5 4.28 17.38 4,.63 51
154 5 6.18 17.69 47.96 56i
229 1 6.03 13.10 43.43 56
230 1 5.56 14.33 47.84 53
133 1 4.17 16.91 43.83 46
134 3 2.44 17.39 43.67 45
135 69 3.83 20.76 38.17 42
237 1 5.45 14.39 47.58 52
114 1 5.48 14.47 45.65 49
115 1 5.77 14.44 42.76 47
116 3 6.35 14.39 39.82 45
153 5 4.99 18.08 44.06 53

Sheet 42
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LOAD COMINATION 12

(1.0 ± .05) D + 1.5P + 1.0 (T + TL)

4REBAR STRESS - BOSS (KSI)

IAEL NO.

113
201
200
199
198
197
112
185
184
183
182
181
110
159
158
157
156
155
108
140
139
138
137
136
106
)22
121
120
119
118

PANEL TYPE

104
102
103

81
73
65

105
85
84
83
74
64

107
91
90
89
76
62

109

97
96
95
78
70

111
101

66
82
80
72

1NNER
H

23.56
16.35
17.45
24.95
30.36
28.67
19.87
14.10
18.24
28.06
27.79
25.31
11.58
6.89

12.40
23.48
17.83
23.33
10.43
3.20

11.22
20.01
25.24
25.84
6.48
3.04
3.20
5.09

22.23
20.77

V

14.67
13.63

16.63
13.89

7.24
12.48

-5.26
-3.42

1.38
5.25

OUTER
H

10.48
18.64
19.15
21.48

-. 02
45.07
6.86

30.51
30.41
23.77
48.25
48.63
6.38

21.19
30.31
26.39
59.99
65.77
9.;1

54.27
50.11
35.68
54.59
51.08
16.66
34.59
37.36
34.76
35.68
42.02

V

41.38
53.04

62.02
56.29

60.81
52.03

4
36.67
39.37

33.86
37.27

Sheet 43

Supplement 6
2/70



0
LAD COMBINATION 12

(1.0 + ,05) D + 1.5P + 1.0 (T + TL)

REBAR hTPASSES - CYLINDER uAD r i

PA!(ELtw-.

250

252
252

37
38

39
40

256
257
258

591

60
61
62
63
64
65
66
82

262
263
264

89
90
91
92
93
94
95
96
97

PANEL TYPE

2
2
2
2
22
5
5

2
2
2
2
5
5
5

7
6
6
6
4
4
4
4
4

112
112
112

59
59
59
59

INNER
V

2.00
1.42

.69
-. 38

-1.03
-. 75

.10

.67

.49

.49

.66
1.19
2.32
4.18
5.29
9.83
8.40
7.11
6.52
2.86
3.1•3

3.65
4.29
5.09
5.97
6.73
7.27
7.49
7.53
7.57
7.66

18.62
19.76
20.92
22.17
23.38
22.86
23.99
15.95
16.39
16.96
17.57
18.16
18.54
18.56
18.28
18.51
17.53
18.60
18.98
10.02
10.00
9.86
9.88
9.99

10.16
10.41
10.76
11.37
11.42
11.23
10.97

OUTIER

54.35
53.62
52.96
52.54
51.83
50.97
51.71
54.53
54.81
55.01
55.27
55.71
56.49
57.49
59.49
56.28
59.01
61.62
62.80
51.37
52.29
53.51
54.47
55.21
55.68
55.86
55.88
56.07
56.61
57.29
57.85

H

61
60
58
57
57
59
61
55
55
54
54
54
55
55
54
51
50'
47
46
48
47
47
47ý
46.
46.
46.
46.
46.
45.
44.
43.

Sheet 44
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WAD COMBINATION 12

(1.0 +..05).D + 1.5P + 1.0 (T + TL)

R_"AR STRESS - CYLINDER UPPER QUADRANT (KS I)

LANEL TYPE

211
212
213
202
203
206
207
208
209
210
217
218
217
218
219
172
173
174
175
176
177
178
179
195
223
224
225
150
151
152
154
229
230
133
134
135
237
114
115
116
153

113
113
113
113
113
115
114
114
114
114

2

2
2
2
2
2
5
5
5

60
6
6
6
2
2
2

2
5
5
1
1
1

3
69

1
1
1

3
5

6.99
7.10
7.45
7.98
9.78

10.09
10.30
10.43
10.48
5.83
5.,78
5.83
5.78
5.63
5.63
5.97
6.92
8.59
9.E5

13.30
t2.45
11 .41
10"93
5.74
5.22
4.51
3.48
2. 1-
2.76
5.13
5.64
5.10
2.72

.64
1.81
4.24
4.13
4.30
4.78
3.46

H

20.81
20.79
20.99
21.21
21.38
2) .75
22:.06
22.04
21.94
21.83
20.15
20.73
20.15
20.73
21.34
22.00
22.62
23.00
22.98
22.61
22.81
22.17
k3.02
23.33
18.88
19.92
21.01
22.19
23.32
22.96
23.68
18.34
19.20
21.83
22.36
26.08
19.22
19.22
19.14
19.10
23.91

OUTER
V

49.15
49.84
50.26
50.55
50.76
50.74
50.77
50.97
51.20
51.41
47.93
47.81
47.93
47.81
47.68
47.66
47.81
48.27
48.98
50.50
48.49
50.73
53.11
54.30
49.18
48.49
47.80
47.27
46 52
45.63
50.85
50.90
49.98
4,. 14
45.86
39.67
50:06
48:07
45.03
41.92
46.11

H

58.44
58.67
58.59
58.40
58.16
56.93
56.26
55.70
55.04
54.59
60.24
59.49
60.24
59.49
59.15
59.10
59.27
59.53
59.45
58.39
55.82
54.61
52.24
51.09
62.01
60.36
58.81
57.58
57.24
59.66
66.02
63.37
61.24
53.82
51.93
49.71
59.57
57.23
54.43
51.46
61.66

I
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WAD cCOMIMATICH 12

0 (1.0 + .05) L . + 1.0 (T + TO

*LINER STRESS - BO3s CMI)

PANEL NO,.

113
201
200
199

*198
S197

112
185
184
183

9182

110
159
158
157

*1"56
W155

108
14)
139
138

;rt37
p1136

106
122
121
120

X119
ml 18

PANEL TYPE

104
102
103

81
73
65

105
85
84
83
74
64

107
91
90
89
76
62

109
97
96
95
78
70

Ill
101

66
82
80
72

VRii!r.AL

5.92
4.87
7.83

14.37
17.89
14.41
10.30

5.18
8.32

19.46
15.82
12.47
5.39

-6.95
-3.66
12.94
-1.89
9.52
6.97

-7.12
5.70

15.31
-8.93
-6.62
7.54
2.58
3.88
8.52

.62
'.94

HORIZOUI

28.64
20.61
21.55
31.34
33.3Z
29.39
29.98
24.54
29.78
43."4
28.05
13.93
19.10
20.38
30.69
47.43

5.82
16.88
17.71
17.08
25.52
46.30
16.12
18.!2
10.43
8.70

17.34
28.43
19.46
17.30

*Correction factor of -8.15 kai must be added to all liner streases.

47or correction fector see sheet 47

Sheet 46
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LOAD CZ4INATION 12

(1.0+.95) D4.1.5P+1.0 (T+TL)

*LINER STRESSES (KSfI CYLINDER LCUER WMJDRA-Mr

PXAIIL NO. PANEL TYPE

250
251
252

37
38
39
",0

2U,•

25;
758

59
60
61
6.
63
64
65
66
82

262
263
264
89
90
91
92
93
94
95
96
97

2
2
2
2
2
5
5
2
2
2
2
2
5
5

66

0

4
44
6

112
k12
112

59
59
59
'9g

VERTICAL

-6.44
-6.60
-6.74
-7.46
-7.65
-7.50
-6.25
-8.90
-8.97
-8.76
-8.•4
-7.52
- 6.08
-3.84
-2.86
4.15
1.34

-. 33
-1.14
-7.13
-6.67
-6.57
-5.91
-4 .96

-3.83
-2.75
-1.90
-1.39
-1.39
-1.68
-1.53

H1RUMZ AL

7.28
8.98

&0.63
12.21
13.67
12.47
13.78
4.56
5.24
6.08
6.94
7.86
8.68
9.36
9.51

12.52
10.71
12.09
12.56

- .67
-. 20
-. 30
-. 04

.42

.99

1.65
2.34
3.28
3.49
3.47
3.35

*Co-rection factor of -11.4 must be added to all liner streunes.

Sheet 47
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211
212
213
202
203
206
201
206

209
210
217
218
219
172
173
174
175
176
177
178
179
195
223
224
225
t50
151

152
153
154

Ui9
230
133
134
135
237
1 14
115
116

113
113
113
113
113

115
114
114
114
114

2
2
2
2
2
5
5
6

60
6
6
2

2
2
2
5

5

1
1
I

3
69

1
I
£
3

VE.RTICAL

2.31
2.23
2 .*38
2.87
3.62
6.24
6.81
7.08
7.21
7.21

.76
1.00
1.12
1.38
2.04
3.33
5.37
6.62

11.90
10.10

P.. 71
8.02
-. 27
-. 27
- .50
1.19

-1.53
-1.61

-L.12.18
-III
-1.12

-1.81
-4.16

.43
-2.15
-1.67

- .60
.93

HORIZ0r A

13.25
13.16
13.46
13.91
14.40
15.91
16.60
16.78
16.85
16.81
11.!9
12.53
13.39
16.28
15.20
15.98
16.59
16.75
19.14
LB.08
19.22
19.65
3.34

10.97
I2.S7
14.08
15.43
14.43
15.46
14.45
8.13
9.64

14.27
14.63
21.03
9.73

10.38
11.22
12.28

9
*Correction factor of -11.4 kst must bu added to all liner stresses.
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4.0 CO)NTAINEHT COMPONENt DESIN

4.1,0 CODrAIEr SUM.S

There are three containument sumps which camse projections of the bottom

of the containment base mat. The largest is the containment reactor

su=p which is a key shaped reinforced concrete pit located in the center

of the base slab (Figure 4.1). This swap which is 52.5 feet long and

25.-6" deep encloses the bottom section of the reactor vessel and the

in-core instrumentation leads. The side walls and floor of the aump ara

4.5 feet thick supporting the 1/4" steel liner. An additiondl 2 feet of

concrete is poured over the liner.

Since the reactor sump walls and floor arm poured directly against the

rock foundation, rigid support conditions have been considered in the

design at the sump structural elements to withstand load. Also since

thia su=p is located in the central portion of the base slab which is

poured directly on the rigid rock foundation, negligible bending shears

and moments exist in the base slab at the sump location under all load

conditions. The reinforcing steel in the sump includes an extension of

the reinforcement with the standard detailing procedures specified in

ACI-315 being followed. Temperature steel is included in the sump to

meet the requirements of ACI-318.

The next largest sump encloses the intakes for the recirculating pu=ps

and consists of a rectangularly shaped reinforced concrete pit 18 feet

by 12 feet in plan and 12 feet deep. The side walls and floor of this

sump are 9 feet thick supporting the suwp liner with an additional 3 feet
covering the pit Liner floor and 1 foot covering the liner enclosing the

sides of the sump (Figs. 4.2, 4.3, 4.4, and 4.5). As in the case of the re-

actor aum, the valla and flooa: of this suwp are supported by the rigid rock

foundation and the sump is located in a region of negligible bending

stresces in the base vat. The walls and floor of the sump are considered

structurally as part of the base mat.

Supplement 6
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The *aIlest as encloses the containment stup intake and measures

7.5 fee" by 7.5 feet by 5.75 feet deep. It has side walls and

floor 7.25 feet thick with a 1 foot coverIng on the liner. As in the

case of the recirculating water sump, the walla of the suni are considered
as part of the base mat and are located in a region of negligible bending

aoment and shear.

The three sumps and in particular the concrete cover over the sump liners,

also serve as excellent shear keys in transferring seismic or thermal shear

loading from the containment internal structure to the base mat. \hile it

is anticipated most of the shear load would be transmitted by friction between

the containment base liner and the -ontainment mat the concreta cover area

of the sumps acting alone is capable of transmitting full seismic shear load
for a 0.15 earthquake at an average shearing stress of 120 psi.
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4.2.0 Containment Base Hat

The containment base mat is a reinforced concrete slab 146 ft. in diamter

and 9 ft thick, (Figure 4.6). The base slab is designed as a flat circular

plate supported on a rigid non-yielding foundation. For load3 applied

uniformly around the slab, the analysis con•iders a one foot wide baeam fixed

at a point where the vertical shear is equal to zero. This is the point

where the downward pressure on the mat and the dead weight overcome the

uplift at the containment wall base mat juncture from pressure and earthquake

loadings.

4.2.1 Shear Reinforcement Design of Slab:

The limiting loading condition for shear is defined by the 1.25P factored

load equation which results in the base mat loads as shown in Figure 4.7.

The external shear load per foot of I foot wide section of the mat is determine

from Eqs. 3.1.18 and 3.1.20.

The maximum shear stress per--Itted on an unreinforced web subjected to

combined shear and bending is given by (ACI-318; Eq. 17-2)

v 0 (1 . 9  f ft+ 2500 PwVd(

where:

v c- shear stress carried by concrete

0 - capacity reduction factor for shear (0.85)

P M reinforcement ratio (As/bd)

V - total shear at section

H bending moment at section

d - depth of section from compression fact to centroid of tensile
steel (100 in)
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Solving Eq*. 4.2.1 and 4.2.3 for the loads defined in Figure 4.7 the

distance x determined as the cut off point for shear reinforcement is

16.0 ft. or just I-aside of the crane wall.

The shear load V used for the design of shear reinforcement is determined

at a distance d from the edge of the slab. This value for the loading

given In Figure 4.7 is 209 k/ft psi. The shear load which is assumed

carried by other than shear reinforcenent is determined as shown in

Eq. 3.2.10 equal to 108 psi.

V - vbd - 108 k/ftC

where:

v - 20•M/c' (ACI-318, section 1701); 0 - 0.85

d - effective depth of base mat slab (100 in.)

b - width of wedge shaped section at x - d - 100 in.

The required area of shear reinforcement per foot is determined by

Eqv. 3.2.9 and 3.2.7 as shown ini Figure 4.8.

4.2.2 Moment Reinforcement Design of Slab:

As in the case for shear, moment was calculated by writing equationa for

moment in terms of x using the center of the containment wall-base slab

juncture as the origin with x increasing toward the cen-er of the containment

building. For the 1.5P limiting case the discontinuity moment is 1210 k.ft/ft,

the discontinuity shear is 157 k/ft as shown in Figure 4.9. The expressions

for the moment as a function of x are shown in Equations 3.1.21 and 3.2.Z3.
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The loading diagram in the mat is shown in Figure 4.9. The equation for

moment as a function of x is set equal to z2ro and the distance x at which

the condition of tension in the top of the mat would discontinue is

found -o be 6.5 feet. The expression for shear is also set equal to zero

and the distance x at which the neximum positive moment (1208 k.ft) occurs

is fcund to be 20.6 feet.

The moment steel provided for the maximum negative moment of 1210 k ft/ft

which occurs along the perimeter of the slab is also assumed to carry one

half of the discontinuity shear of 157 k/ft as an axial load which results

in a direct stress of 18.4 psi. The section is designe4 according to

Part IV-B Structural Analysis and Proportioning of Members - Ultimate

Strength Design of the ACI-318-63 Code as shown in Section 3.2.3 of this

report.

The value of fy used is reduced to 41.6 KSI since 18.4 KSI is takeis by

the discontLnuity shear and the ultimate moment is found to be 1,250 K;ft/ft

which is greater than the maximum applied negative moment value of 1210 K £t/ft

For all combinations of pressure, dead los' and earthquake loadings which

tend to cause uplift in the base slab, the dead weight of the crane wall

greatly reducer uplift. This forms a rigid central region in the base

slab which is supported on an essentially rigid non-yielding foundation.

The model used to analyze this condition is a circular and solid flat plate

with a central rigid portion subjec:ted to an external moment (Figure 4.10).

The maximum radial stress at the inner edge is given by

S 2 (4.2.2)
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where:

HEXT external overturning moment

0 - param.-Zer which depends on ratio of a tv the radius of the central

rigid portion of the slab.

a - radius of the circular slab (875 in)

t thickness of the slab

The radial stress due to an internal moment is

oP - HTC - 6 MINT f2.3)
1 t2

where:

HINT - internal moment in base slab

C - distance from neutral axis to outer fiber of section

I a moment of inertia of section

By equating Eqs1 2.11 and 2.12 the expression for internal moment as a

function of the external overturning moment is

- (4.2.4)
6a

The external overturning moment HEXT is that due to the seismic shear forces.

The maximum positive moment acting on the slab base occurs for the 1.25 P

factored load case at the crane wall. The uplift pressure is added to the

internal moment due to the seismic overturning momenit.

Temperature steel was also added in the base mat to meet the requirements of

article 807 of the ACI 318 Code. In the circumferential direction reinforce-

ment is placed in the top and bottom of the base slab. In the central

region of the base slab fot a radius of 28 feet the temperature steel is

placed in an orthogonal grid pattern,
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1 4.3.0 Containment Cylinder Walls

Th6 analysis of the cylinder was accomplished by the superposition of

membrane forces resulting from gravity, internal design basic accident,

temperature and pressure and overturning ",e to earthquake using the factored

load eqLation presented i- Section 2.1.12. The cylindrical walls are

reinforced circumferentially with ateel hoops and vertically with straight

bars.

For the vertical axial load in the cylinder the 1.25P loading condition

governs the design. The axial force in the cylinder due to the pressure

loading on the dome is given by Eq. 3.1.5.

The uplift force in the cylinder due to the horizontal earthquake is given

by Eqs. 3.1.29 and 3.1.32. The dead weight force ii the cylinder is obtained

by taking the total weight of the dome as the force acting a. the top of

the cylinder and the total weight of the dome and cylinder as the force actinE

at the base. The uplift force in the cylinder due to the pressure loading

on the dome and the uplift due to the horizcntal earthquake are combined

with the dead weight load in the cylL.ider. The resultant load diagram varies

from an uplift force of 330 k/ft at the base of the cylinder to 276 k/ft at

the springline.

For the hoop direction the 1.5P case controls since the dead weight and

earthquake effects are zero. The force in the hoop direction is given by

Eq. 3.1.6.

The seismic loads were determined as described in Section 3.1.5. Tn

provide for the seismic steel, ciagonal bars are placed in the center

of the cylinder walls in both directions at an angle of 45*.* Seismic

steel reinforcement is as shown in Figures 4.11 and 4.12.

• The design of the diagonal steel is such that its horizontal component is
e aqual to the maximup. -.alue of the shear flow which is equal to twice the
aver&,qe shear on Lhe cross-section. Since the diagonals are assumed to
act in d•igonal teneior. only, half of the total area of the 45' diagonal
seisrAic bors ir alrumed active to resist seismic shear effects at any

I given insts-At. Supplement 6
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4.4.0 Containment Dome

The thickness of the dome is small In comprrison with the radius of curvature

(1/15) and there are no discontinuities such as sharp bends in the meridional

curves, therefore the stresses due to dead weight, pressure, or earthquake,

were calculated by considering a uniform distribution across the wall thickness.

All membrane tensile stresses are assumed taken by the steel reinforcement

and none by the concrete unless they are compressive stresses siLce the

concrete is assumed to have no tensile strength.

Thu memb,'aue analysis of the hemispherical dome has been performed by the

superposizion of forces resulting from gravity and accident pressure. The

dead weight forces in the dome are computed by using th-3 procedure outlined

in the Portland Cement Association Bulletin ST55, "Design of Circular Domes."

The total vertical dead load acting downward for a given central angle from

the apex is given by Eq. 3.1.4.

The meridional thrurc (T) is given by Eq. 3.1.3 and the circumfertiftial

thrust (H) is given by Eq. 3.1.2.

Tile membrane force due to the internal design pressure is equal throughout the

dome and is given by Eq. 3.1.5.

Analysis has shown that the e.,rthquake effects are small in the dome,

therefore the critical design condition is the 1.5P factored load case. Thr

membrane forces due to the 1.5 factored internal design pressure of 70.5 psi

are agddd vectorily to the membrane forces due to 95 percent of dead weight

and the total force per foot is divided by the allowable yield stress of the

rebar (57 KSI) to determine the area of steel required. All of the combined

direct stresses are developed in the r.:inforcing steel encased in the

concrete.
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The vertical steel in the cylindrical concrete wall is extended into the

dome such that a continuity bet-4een the dome and the cylinder is achieved.

At an angle of 60" from the sprLngline the 18S bars come together to a 6 inc

spacing. The bars ara connected to splize plates by means of Cadwell

mechanical splices such that for every two bars coming together there is one

18S bar extending beyond this point. At an angle of 75" from the springline

the bars again come together to a 6 inch spacing and are cadwelded to a

splice plate to increase the spacing to 12 inches. Similarly the 18S bars

are connected to splice plates at an angle of 83* and 86.5* from the

springline. At the apex of the dome 185 bars at a constant spacing of 12 ino

connect the splice plates which are 3.50 fr.rm the center of the dome as

shown on Figure 4,13.

To provide the required earthquake resistance the seismic steel in the

cylinder is extended into the dome to a point which is 30' abovc the spring-

line as shown in Figure 4.14.

Above 30* from the apringline the membrane steel in the dome is auffici-int

to carry the seismic shear. The maximum stress in the rebar due to an

earthquake is determined by resolution of the principal tensile stress

into components parallel the rebar. In addition the dome liner has sufficiez
capacity to carry seismic luads under operation or accident conditions.

4.5.o Containment Liner

Details of the containment liner design can be found in Appendix C of

Che FSAR.
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4,6.0 CONTA )IMENT CYLINDER, BASE, AND DOME AT POINTS 01 DISCONTINUITY

Discontinuity astneses occur at changes in ushction or direction of the

containment shell. The juncture of the cylinder to the dome is a point

of discontinuity since, under the internal pressure and temperature design

conditions, the cylinder vll tend tr Increase in diamtei somewhat differently

than the dc=e. To copute the unrest,%ined dimonsional changes the dome and

cylinder have been considered at steel membrar.es equivalent to the area of

reinforcing steel In the'hoop direction. As shown in Section 3.1.3, the

unrestrained radial deformation of the dome and cylinder are nearly equal

therefore the discoutinuity moments and shears are insignificant and there

is no steel ra.;uired at the dome to cylinder Juncture due to the discontintLty

effects.

The Juncture of the cylindrical wail and the base mat Is also a.'Point of

discontinuity. Ln determining the discontinuity moments and sheaxs, the

base mat wvas considered as offering complete fixity, therefore the only

discontinuity is that due'to the unrestrained radial expansion of (the

cylinder. As for'the dome to cylinder juncture the unrestrainad gradial

expansion of the cylinder has bean computed by considering the cylinder to

be a steel membrane equivalent to the area of reinforcing steel An the hoop

direction. The method of ana.lysio for the discontinuity moment and shear

and its distribueton into the cylindrical walls is given in Section 3.1.3.

The maximum discontinuity moment at the base occurring under tthe 1.5P

factored load condition is 1210 K.FT/FT and the maximum discontinuity shear

is 157/K/FT. The limiting discontinuity moments and shears are distributed

as shown in Figs. 5.1.-1i, 5.1-12 and 5.1-13 of Section 5 of the FSAR

1(attachod hereto). The placement of steel to carry discontinuity shears

-mid moments is shown in Figs. 4.15 and 4.16

The required area of shear reinforcing as Aetermined from Eq. "17-6 of the

ACI Code is given in Eq. 3.2.7. The allowable value of fy used Am the basis

for f in Eq. 3.2.7 is reduced from 60 KSI to 47 KSI since part of the stress

in aesu,-4d taken by the axial force duo Lo uplift. The point vtetre the mIn1--

,mw web reinforcement required to lesa than the .15 percent of the area ba te

iprovisions of ACI-318 Code Article 1706b apply.

4. 0-*I0 Supplement 9
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The allowable shear which may be taken by the concrete alone is found
from Article 1701 e) of the ACI Code and is given by

v. - 3.5 V f %l + O.002N/A )

where

v c- allowable shear stress carried by the concrete.

fe - concreLe design compressive strength

IV - load normal to the cross section where N is negative
for tensile loads

A - gross area of cross sectionB

Reference

(1) Roark, R. J., Formulas for Stress and Strain, 4th Ed. HcGraw Hill Book Cc
New York, 1965.
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5.0 CONTAINMENT HATEIRIAL PROPERTIES. FABRILATION AND ERECTION PROCEDURES

5.1.0 CONCRETE

Concrete used in the containment structure was designed to have a minim=m

compressive strength in 28 days of 3000 psi. The concrete mix was designed

to produce a strength of fifteen percent above thr. minimum design strength

as determined by the average strength of three laboratory tests of the
specified design mix including satisfactory plasticity qualities.

The minimum cement factor specified was 5 sks/cu.yd. The maximum slump
permitted was limited to 5 inches, except in localized regions of extreme

congestion where 7 inch slump was permitted. Concre..e was prepared in
ready mix equipment conforming to ASTH specifications C94.

5.1.1 CEHENT

The c.jment used was Portland Cement Type 11 conforming to ASTK designation

C-150. Cement used in the ready mix batch process was stored in weatherproof

bins so as to prevent deterioration or contamination.

5.1.2 WATER

Concrete mix water was supplied from the drinking water supply of the city of
Verplonck, New York and ad such is clean, clear and free of significant

impurity. Cloride content of mix water har, been maintained below 200 ppm

as determined by water vmple analysis.

5.1.3 AGGREGATES

Fine aggregate consisted of sazd conforming to the requirements of ASTH

Spacification C-33. The natural sand was supplied by the Southern Dutchesa

Sand and Gravel Company of Fishkill, N.Y.

0
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Typical 1,roportits of the sand are as follows:

SIEVE A3.YSIS
slva Stu$

38"

94
98

#3a016

#30

050
f 100

Fineness Hodulus

Spaciflc Gravity (SSD)

Absorption Z

Clay Lumps Z

Coal & Lignite %

Material Finer than

No. 200 Sieve Z

Organic ttpurLties

Soundness 5 Cycles, Z Loss

Unit wt. (dry-rodded) lba/ft 3

Z Passing bj Vt.

100

97.8

84.9

61.8

42.7

18.1

3.3

2.91

2.0,7

0.7

Negative

Negative

AST. C-33

Specifications

100

95-100

80-100

50-85

25-60

10-30

2-10

1.0 Max.

0.5 max.

0.6

StaLdard

10.9

104.3

3.0 Max.
Stadard

Supplemnt 9
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Coarse aggregate consisted of crushed gravel conforming to the requirements

of ASTH Specification C-33 and was supplied by the Soujhern Dutchess Sand

aid Gravel Company of Fishkillp N. Y. Typical propecties of the crushed grav

are as iolloer:

COARSE A0GREGATE

30% - 40Z Crushed Gravel -

SIEVE ANALYSIS

Sieve Sizes

1 1/2"

1"

3/0,"
1/2"

3/8"

#4

Fineness !,dulus

Specific Gravity

Absorption Z

Clay Lumps %

Soft Particles 2

Unit Wt. (dry-radded) lbs/ft 3

Heanesium Sulf~ee Soundness

5 Cycle&, Z loss

Los Angeles Abrasion, 2 17se

Southern Dutchess S&G VishtLdll, N.Y.

X Pasning by wt.

100.0

97.2

71.5

30.9

12.4

0

7.16

2.67

0.7

Negative

Negative

102.2

ASF• 4 C-33

Spectficat.oi

100

95-100

25-60

0-10

0.25 Max

5.0 Max

14.8

41,7

18 Max

50 Max

5.1.4 ADMIXTURES

The only admixture used In the concrete mix design was a plasticizer

"Placewell" manufactured by the Union Carbide Corporation. The plasticizer

is provided in the proportion of 16.5 o:/cu.yd. of concrete to increase ease

of concrete placement In highly conges ted areas. No other admixture in the
form of air entraining agents, set retarders or set accellerators have been us

5.0-3 Supplewmnt 9
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PLACEMENT AND CURING

Placing and Curing of concrete conform to the provisions of Chapter 6

of the ACI 318-63.

5.2.0 REINFORCING STEEL

Reinforcing steel used for the dome, cylindrical walls and base mat is

high-strength deformed billet steel bars conforming to ASTM Designation

A-432 "Spccification for Deformed Billet Steel Bars for Concrete Rein-
forcement with 60,000 psi Minimum Yield Strength." This steel has a

minimum yield strength of 60,000 psi, a minimum tensile strength of 90,000

psi, and a minimum elongation of 7 per cent in an 8-in. specimen. The

design limit for a tension member (i.e., the capacity required for the

design load) was based upon the yield stress of the reinforcing steel. No

steel reinforcement experiences average strains beyond the yield point at

the factored load. The load capacity so determined has been reduced by a

capacity reduction factor "0" which provides for the possibility that small
adverse variations in material strengths, workmAnship, dimensions, and
control, while individually within required tolerances and the limits of
good practice, occasionally may combine to result in under capacity. For
tension numbers, the factor "0" was 0.90 for flexure and 0.85 for dliagonal

tension, bond and anchorage.

5.2.1 CADWELD SPLICES

All reinforcing bar design to carry membrane tension or in the size range

14S and 18S where jointed by means of mechanical butt splices known as a
Cadwald splice which is a standard commercial product manufactured by
Erico Products Inc., Cleveland, Ohio. All splices used were either type

T-1891, T-18101, or T-1491, T-14101, which are designed to develop the
specified minimum ultimate strength of the ASTH A-432 reinforcing bar or

greatar even though the specified requirement on splice strength was set at
125 per cent of specified minimum yield (83.3 per cent of minimum ultimate).

5.0-4 Supplement 6
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All splices were made in accordance with the recommendations of the

manufacturer and included -he followinL specific reqtIrements:

1. Bar ends to be spliced were squared by torch cutting, shearing or

sawing.

2. Bar ends were cleaned by means of a wire brush of dirt, oil, moisture,

concrete and hecvy rust.

3. Prehteating of the bar to a temperature 100*F if air temperature was

below 40oF.

After approximately 30 percent of the total number of splices were placed

in the containment a more detailad procedure was developed "jhich included

the following additional provisions:

I. Bar ends were cleaned to a degree of cleanliness as represented by

heating the bar uniformly ) surface temperature of 200*F to 3000F,

power wire brushing to bare metal, and wire brushing to remove any

*resulting dust or loose material.

2. No manufacturer's mill marks were included on that portion of the

re-bar inserted within the splicing sleeve.

3. A punch mark was made in reinforcing bar 12 inches from bar ends to
insure proper entering of bars in the splice.

5.3.0 FORMWORK

Concrete form work was erected to conform to the shape, lines and dimension

of the concrete elements as called for on the drawings and sufficie.itly tight

to prevent leakage of mortar.

For all permanently exposed surfaces of concrete the form facing was con-

structed of new unscarred plywood, re-used plywood in good condition or metal

pans. Forms were removed in such a manner and at such a time as to insure

the complete safety of the structure as determined by concrete cylinder tests
of pours for the concrete sections being stripped.
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5,4.0 WvTERPROFING CONTAINMENT WALLS BELOW GRADE

All areas of the containment shell in contact with backfill were water

proofed. Water proofing consisted of a 5/8 inch thick hardboard Insulation

(11omasote) placed between two coats of bitimastic. Both coats of

bitumastic No. 50 were applied at a rate of 55-70 bq. ft. per gallon. All

joints of the .'nsulation were butted with a 1/4" maximum gap. Preparation

and application of waterproofing material was in accordance with manufactured

printed inst:uctions. The bitumastic coating extended 6 inches beyond

finished grade while the insulation was cut off 1 foot below grade.

5.5.0 CONTAINMENT LINER

5.5.1 MATERIAL

The steel liner olate is carbon steel conforming to ASTh Designation A-441
"Standard Specif. cation for Carbon Steel Plates with improved Transition

Properties," Graue 60. This steel has a minimum yield strength of 32,000

psi and a mintmum tensile strength of 60,000 psi with an elongation of 22
percent in an ,1-in gauge length at failure. The liner is 1/4-in. thick at
the tp:-ttom, 1/2-i. thick in the first three courses except 3/4-in. thick
at penetrati;ns aud 3/8-'n. thick for remaining portion of the cylindrical

walls and 1/2-in; thick in the dome. The liner mate-ial was impact teste•-

at a temperature 300 F. lower than the minimum operating temperature o'. thL

liner material. For the liner steel the factor "0" was 0.95 for tension.

5.5.2 FABRICA1ION

The steel liner plate was fabricated from hot rolled plate in the
Greeneville, Pennsylvania and New Castle, Delaware shop of the Chicago

Bridge and Tron Co. The plate was shop fabricated into approximately

9' by 30' section and rolled to desired curvature. The Nelson stud anchors
were welded to the containment liver shell after the plate was erected.
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5.5.3 ERECTION

The difference between the minimum and maximum inside diameters at any

cross section does not exceed 0.25 percent of the nominal diametez at

the cross aection under consideration. Maximum diameter 135'-2, minimum

diameter and 134'-10" below elevation +95. Above +95 tolerance does not

exceed .50 percent of the nominal diameter of cross section under consideration.

The liner was erected true and plumb not to exceed 1-i of height at cross
500

section rinder consideration with allowance for 2" buckling in the plates.

Particular care was taken in matching edges of cylindrical and hemispherical

sections to insure that all joints were properly aligned. Maximum per-

missible offset of completed joints was 25 percent of nominal plate thickness.

5.6 LINER INSULATION

The liner insulation consists of 1-1/4 in polyvinylchloride insulation as

* manufactured by Johns-Mansville Corporation. The insulation was fabricated

into 44" x 84" flat panels. The insulation panels were attached to the steel

containment liner by means of 3/16 in. stainless steel studs welded to the

liner on the basis of 6 rer panel. Insulation adhesive was FNIZ Adhesive

es manufactured b) ",ac & Brand Division of Johns-Manville Corporation.

The insulation panels % b.r t protected by .019 in. stainless steel jacketing

on the exposed face.

The insulation was designed to meet the following operational requirements:

1. Normal operating temperature - 120*F.

2. Undat accident conditions rise in liner temperature not to exceed 80*F.

3. Iniulation panels rated non-burning in accordance vith ASTh procedure

D- 1692.
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5.7. 0 PENETRATIONS

In general containment penetrations for pipe, electrical conduit, duct or

access hatches consist of sleeves imbedded in the concrete section and

welded to the containment liner. The weld to the .linf.r is shrouded

by a continuously pressurized channel which is used to assure the

leak tightness of the penetration to liner weld joint. Differential

expansion between sleeve and pipes passing through is accommodated

by bellows type expansion Joi.nts between the outer end of the sleeve

and the outer plate.

5.7.1 Materials

The materials for penetrations includihng the personnel and equipment

access hatches, together with the mechanical and electrical penetra-

tions will be carbon steel, conform with the requirements of .he ASME

Nuclear Vessels Code and exhibit ductitity and welding characteristics

compatible with the main liner material. As required by the Nuclear

Vessels Code, the penetration materials meet the necessary Charpy

V-notch impact values at a temperature 30*F below lowest service metal

temperature which is 5O0F within containment and -5*F outside the

containment.

The stainless steel bellows of the hot penetration expansion joints

will be protected from damage in transit and during tonstruction by

sheet metal covers fastened in place at the fabricator's shop. These

can be left in place permanently if there is no interf..-pnc2 with

nearby piping or equipment.

The specific materials used in penetrations may be found in

Section 2.2.6.
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Design

Those portions of penetrations not backed up by concrete are designed

to meet the requirements of ASME Code Section VIII. Those portions

of penetrxtions backed up by concrete are designed considering strains

and stresses compatible with the deformation of the concrete wall

sections and as such have the same governing design criteria as does

the containment liner. As such no primary load strains greater than

the guaranteed yield point under factored loads are permitted.

However, strains due to stress concentrations and other localized

secondary load effects are limit to 0.5 percent strain.

5.7.3 Fabrication

Th qualification of welding procedures and welders has been in

accordance with Section IX, "Welding Qualifications" of the I.SME

Boiler and Pressure Vessel Code. The repair of defective welds has

been in accordance with Para. UW-38 Section VIII "Unfired Pressure

Vessels."
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6.0 OUALITY CONTROL METHOD AND IREOPERATIONAL TEST PROCEDURE

6.1.0 QUALITY CONTROL ORGANIZATION AND CHAIN OF COMMAND

The responsibility for implementation of the on-site quality control program

for UE&C rests with tt.e Field Supervisor - Quality Control who reports

directly to the Manager of Reliability and Qu.zlity Assurance Department ira

the home office who in turn reports directly to the *'fice Prisldant -

Administratien.

Reporting directly to th. %C Field Supervisor - Quality Control at the

project site are Quality Control Engineers assigned primarily to a specific

discipline (e.g., structural, mechanical, electrical, and piping/welding),

Quality Control Inspectors, clerks, and subcontracted testing service

personnel.

No one in this quality control chain of command is directly responsible tor

production or schedules.

The UE&C Quality Control group and/or the subcontracted testing service
personnel conduct the first level inspection and tests of all construction

of structural elements of the vapor containment building except for the

field febricatlon and erection of the containment liner, penetrations where

the construction subcontractor has first level responsibility subject to

audit and surveillance by the UE&C Field Quality Control group.

In all cases, all quality control activity is audited by the Prime Contractor,

Westinghouse Electric Corp., the Owner, Consolidated Edison Co., and the

Owner's Surveillance Group, United States Testing Laboratories.

All necessary records and documentation are compiled and maintained by the

UE&C Site Quality Control Group.

S
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6.2.0 5U4MMARY OF HATERIAl. TEST RESUITS

6.2.1 'CONCRKETE

A minimum design strength of 3000 psi is upecified. Ile avernge of all

28 day strangth tests to date is 3705 pal. To date no test cylinders

atrength.t under 3000 psi 28 day strength havo been determine~'. One not

of two tent cylinders to includo a 7 day and 28 day test cylindnr has

been Leafed per each 100 cubic yards placed. ApproxImatlcy 18.000 cubic

yards of concrutu have been placed in the containment structure to date

vwth a total pour of 20,000 cubic yarda expected.

6.2.4" REINFORCING STEEL

Hatorial nelL tent reports are required for each heat of utool received.

ReoulLs of alL testa show conformance with ASIM srpecification requirements.

In e'"ton to the mill toot reports n total of 18 user tests

have , lerforfed on the bpr received. All tests have met A.,nimum

anecitf•d rnrr.,Lth requirementis. The average yield otrength ot uuoerl

tests 1. 64.8 kal and average ultiraLe etrength La 101 kni for the AS1l4

A 432 stool. (fy - 60,000 pil; fu = 90,000 pai).

6.2,3 STRUCrURAL STEEL

Variouu type, of ntructural uteal were furniuhed and erected. Structural

stoel w., furntshed to ASTM Specification in Job lotj subsLantiated by

mill certification covuring acth job lot.

6.2.4 INSUlATION

No insulation on site an of this daLe. Letters of certification covering

material requirements substantLated by toat results are being furniahed

by the manufacturer.
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Installation of insulation will b- checked by UE&C Quality Control toSassume tight Joints as well as aaterial dimensions and insulation studs.

6.2.5 CONTAIIHMfN LINER

All heats of steel used in the sabricatton of the liner plate are covered
by aill test certificates showing chemical analysis, mechanical test
results, and Charpy impact test results.

Each liner plate is marked or coded to a specific heat of steel. These
heat numbers are recorded on the as-built drawings. Material control
(heat number continuity) is maintained by subcontractor and checked by
1JE&C quality Control.

The same method of heat identification, certification, and recordation
is caintained for the penetration material as for the liner plate.

Weld rod control (only E 7018 rod used on liner plate) is maintained by0 _-subcont'actor and audited by UE&C Quality Control.

Dixznsions of erected material were checked by the UE&C field survey group,

recorded on marked-up drawings in the quality control file. Any dimension
found ov of tolerance is regorted to the subcontractor, corrected and
rechecked by the survey group.

6.3.0 QUALITY CONTROL TESTS ON FABRICATED ELEMENTS

6.3.1 LINER, PENETRATION., LOCKS, AND EQUIPMENT HATCH

Nondestructive testinS of these items consists of the following:

S
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Coupon Tsting - In locations on the liner where radiography is not

possible, sach as floor plates, and lower courses of the shell, where

back-up plates are used, the subcontractor welds a 2 " long overrun

coupon whie-i is broken off, marked for location and given to UE&C for

destructive 'xazination or radiography.

a. Vacuum Box Test

Bottom liner plate welds and all liner plate s~caa eilds in the

cylindrical walls and doome are vacuu= box tested with at least

a 5 psi pressure differential by the subcontractor. No leaks

are permitted.

b. Strength Tests

After successful vacuum box Ltstirg all liner plate welds (bottom,

cylinder, and dove•) channels are welded on the seam wel" and

the channel welds by pressurizing the channel with air at 54 psai

for 15 minutes. No leaks are permitted. Strength testing shall

be by prezetermined zones, and includes channels and gaskets of

the personnel locks.

C. Leak Test

After strength tests of liner neam welds and channels, these welds

and penetration sleeve weld channels, and persroanel lock weld channels

ar's leak tested by pressurization to 47 psig with a 20% by weight

Fx-ton-air mixture. The entire run of plate weld and the channel

to plate welds are then tiaversed with a halogen leak detector.
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The sensitivity of the leak detecto• is I x 10-9 standard cc per

sacond. Any halogen indication indicates a leak requiring repair

and retest. In addition, the zone of channels tested is held at

test pressure for at least 2 hours, with no Indication of drop in
pressure.

The strength and leaks tests are also perfoved on the gaskets and seal.s

on the lock penetrations by pressurizing the space between the Sackett

and seatla as above.

6.3.2 CADWELDS

All Cadwelds are visually -Inspected by the UE&C Quality Coctrol group on

site. DetaJls of Cadvelding operations, operator qualification criteria,

t"ting frequencies and criteria, inspection procedure" and acceptance

standa~ds are included In AppeudixC. "Suiary of United Engineers &

Constructors Inc. Experience it. Utilizing Cadweld Raixforcing Bar S.lices."

This Appendix ahows crrent probt.Bility of all splicea in the structure

exccding 60,000 pal at 3pproxicately 0.998 and probability of all splices

exceeding 75,000 psi (1251 min. ?ield) at approximately 0.990.

6.3.3 STUD A-QHORS ON THE LINER

A procedure is set up whereby after qualification, the first stud welded

each day by o-ach valdpr is tested by cold bending the stud to an angle of

45'. This tes tis repeated after the lunch break.

6.4.0 PhEOPERATIONAL PERFOIMMANCE TESTING

After completion of the vapor containment structure the building will be

pressurizer to 54 psi& with .n'.rcennts at 18 and 36 psi& as described in

the Section 5 of the FSAR.
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Strain gauges vill have be*n atmachea as called for on the approved
drmwiSo. Gauss are zufficiently redundant to overcov possible
cpstruction dean . As z uddnfun each gauge *hall hase onwe gaup
as back-u.

Straina and defornations u-11 be recorded at each Increment of
pressure amd the correspooding strnases calculated for the reinforcing
and liner.

After the structure has been proof-tested at 54 piilg for a adninum of
one hour, the pressure shall be reduced to 47 psig and held for 24
hours.

Instrmentation wrll have a capability of measuring strains g 0
to 0.003 inches per inch with a= accuzLcy .bf + 0.1%.

During the 24 hour hold at 47 psig the strut ura will be Investigated
for cracks and vAnual ze•auremants recorded.

]n the quadrant of "bcs" around the equipment hatch and persaomna lock
and in the 10' width between elevation 43'-0" and 73'-0", concrete
surface will be whitewashed and detailed measurements of crack width
and spacing shall be recorded. A detailed cest proceduve is currently
being prepared. I
6.5.0 FIE1LD PROBLEMIS ENCOUN11ERED IN OONSTRUCYI0I

During the

fare found

"Cadwelds"

construction of the vapor containmnt steicture, two conditions
co exist which were determined co be problem areAs. These were
and r, "Liner Bulg."
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In the case of the Cadweld problem, a declining in the strength of

routine saples tested was noted. Mhen the downward trend conticied

and approached the limit of design requirements all Cadwelding was

stopped. An engineering inve-ttigation and testing program followed

which determined the cause of the problem, verified the existing splices,

produced new procedures for Cadveld operations, and outlined statiscical

controls to verify confidence levels in future work. A detailed summary

of the situation may be found in the attached Appendix C "Summary ot

Unitel Enolneers & Constructors Inc. Experience in Utilizing Ca&eld

Reinforcing Bar Splices."

In the case of the liner bulge, during a r-utine inspection of t&e

liner by quality control personnel, a buc.le was noted in the liner

plate near the fuel transfer tube betweer elevations 56'-76" and 59'-7".

An eialuation of the condition was made and corrective action taken to

eliminate the problem.

A detailed report of the situation is contained in Appendix D Report

on the Containment Building Liner Plate Buckie in the Vicinity of the

Fuel Transfer Canal.
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7.0 SU1Q.&RY ANID CONCL!3SMNS

!Q this report are found the essential elements on which the structural
design adequacy of the Indian Foint Generating Station U:nit No. 2 is
based. These essential elcments of design can be categorized as follows:

±. Design load assumptions and criteria.

2. rusign stress strai3 or behavior limits criteria.

3. L',%elopment o, aesign equations based on recognized conservative

behbvior models for the various structure elements which make

up containment.

4. Limiting assumptions and parameters used in conjunction with tht

design equatio..s.

5. Comprison of computed stresses or strains to limiti.'g criteria

to demonstrate adequacy.

In addition to the verification of design adequacy this report presents

o: references týase featires of containment detailing, fabrication and
erection to include quality control and assurance which demonstrate that

It rntainment structure was construcLed tv the hignest standards of

nucleri. industry practice.

It Is the opinion oi the authors that this report presents in concise
form sufficient design and -onstruction information to clearly illustrate
the as built integrity of the Indian Point Generating Station Unit No. 2
Containment. Complete records concerning containment design, detailing

fabrication and erection can be found in the files of United Engineers

and Constructors, Inc., Philadelphia, Pa.
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APPENDIX B

SUQMARY

OF

TORNADO EFFECT ANALYSIS

ON

INDIAN POINT .UNIT NO. 2

CONTAINMFNT STRUCTURE
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The design of

requirement.

effect on the

Indian Point Unit No. 2 did not contain any tornado design

However, the containment has beer. analyzed to determine tornado

design struct'ire.

The analysis of effects of tornados on Indian Point Unit No. 2 containment

structure is based on the following characteristics:

Missiles:

a. Corrugated sheet of sid.ng 4' x 8', 100 lbs., traveJ'-.q at 225 mph.

b. Bolted wood deeking 12' x 4' x 4", 430 lhs., traveling at 200 mph.

c. Passenger car, 4000 lbs. , travelirg on the ground at 50 mph.

d. Cedar fence poet, 33 lbs., 6" by 6". trav:ling at 150 mph.

Wind Load:

a. Wind load associated with 300 iph horizontal wind distributed on

structures in accordance with kSCE paper 3269.

b. Pulsed negative pressures assoL: 'ted with tornado winds having horizontal

component of 300 mph and vertical component of the same magnitude.

Results of this anlaysis show that the -'ntainment structure can withstand

wind loadingss pressure differentials, and missiles resulting from a

tornado as defined wi:bout overturning or loss of integrity.
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The Indira Point I1 Containment building is a monolithic steel lined reiefo
concrete upright cylinder with an integrated hemispherical reinforced roof.

foundation is a 9' thick reinforced concrete =at resting on solid rock. Th

uphill side of the foundation is approximately 30' below grade, while the

downhill side rests on concrete fill, thus exposing i.self completely to th

winds. The cylindrical wall thickness is about 4.5 feet, while the -ean

thickness on top is about 3.5 feet.

Principal dead welght of the cor.tainment building parts Uhich can be consid,

as minimum and structurally integral with the foundation are listed in Table
I.

TABLE I

Principal Dead Weights of the Containment

Containment Shell* 60.0 x 106 6

9' Hatting Foundation 19.0 x 10 6 0
;' Mat 4bove Linr'r 6.3 x 10 6 #

Primary and Biological Shields 7.3 x 106 1
Hissile 3hields 1.0 x 106 #
Crane, Reactor, Boilers and Miscelleneous** 3.0 x 106 0

Total 96.6 x 10 6

According to .SCE paper 3269, the dynamic pressure of winds is;

- - 0.002558 V2

Whete q is the pressure in psf

V is the wind speed in MPH

Then, a 300 MPH wind represents a dynamic pressure of:
2q - 0.002558 x (300 ) - 230 psf

The local pressure at any point on the surface of a building is equal to

the product of the dynmic pressure and a pressure coefficient is strongly

dependent on the relative position of the pcint in quest.L-n wit;a respect

to the direction of the wind, and of the shape and naturrP of the building

itself. .Jormally, this coefficient is positive at points facing the wind

*Reinforced concrete specific gravity is taken as 2.35

**No credit is givn to weight of earth above foundation
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and negative at pointi "sidevay" or 'behind" the wind. The positive

coefficients give rise to a -ushing force, while the negative coefficients

give rise to a suction force, both acting on the structure to effect
an overturning moment in the direction of the wind. Fig. I shows the
pressure coefficients for an v-pright cylinder and an exposed sphere.

The pressure differential at any point of the airtight structure is:

Ap - (Pa + Cpq) - Pi

in which P is the normal atmosphere pressure, taken as 14.7 psia

C is the pressure coefficientp

-q is the wind dynamic pressure
P is the working pressure inside the structure

In order to calculate the net force and overturning moment of the wind,
angular integration of the coefficient C, (a) has to be effected. Pape-
ASCE 3269 has adopted data of tests performc.J by Ackeret of the Institute
of Aerodynamics of Zurich, which give simple calculational approximations
for the total force acting on an upright cylinder. This force is:

F - CD qAcy 1

where q is the wind dynamic pressure

CD is the overali drag coecficient; CD = 0.45 for upright cylinder of
rise ratio 1, with smooth outer surface

A cyi is the vertical cross section of the structures, equal to the
product of the dianeter and the height.

As for elevated rounded roofs, paper ASCE 3269 gives pressure coefficients

for four segments of circular arches: the center half, the leeward and
windward quarters. For an elevated dome of rise ratio 0.5 as in the case
of Indian Point II Containment, these coefficienits ..

0' < a < 45* C - 0.7
pe

450 < a < 135* C - -1.2
pe

135* < ' < ISO* C - -0.5pe

The net horizontal fo-:e on which the dome can thws be considered ao:

F - (0.7 + 0.5) q AD Supplement 6
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where q is the wind dynamic pressure

AD is the cores-sectional area of the dome below 45".

perpendicular to tht wind direction.

If the whole containment building is considered as a smooth upright

cylinder with the sane hrtight as that of the uppermost point of the

structure i.e. 223 ft., then the horizortal wind force according to the

formula given above is 3.24 x 106 lbs. The overturning m'aent due to

this force would be 3.62 x 108 0-t lbs.

If separate considezation is considered foi the spherical dome and the

cylindrical body, then we have:

Force over cylindrical body - 2.25 x 106 lbs.

Force over spherical dome - 1.10 x 106 lbs.

which totals 3.35 x 106 lbs., or about the same as the forc'.

acting on the upright cylinder of the same height. Alao,

Overturning moment due to force over cyl. body = 1.78 x 108 ft. lbs.

Overturning moment due to force .ver spherical dome - 1.98 x 108 ft. lbs.

which totals 3.74 x 108 ft. lbs., or again very similar to the overturning

moment due t3 the force acting on the upright cylinder of the rame height. I
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Table 11 stsAmma!zes data and results of these calculations.

TABLE II

300 MPH HORIZONTAL WIHD FORCES AND OVERTURNING M)MEENTS ACTING ON INDIAN

FOINT iI CONTAINMNET

Moment Total Overturning

CD Arm Force Moment
(ft 0)

Hypothetical smooth

upright cylinder of

max. containment

height

0.45 112 3.24 x 106 3.62 x 108

Actual Containment

Cyl. body

Sph. dome

0.45 78

180

2.25 x 10 6

1.10 x 106

3.35 x 10 -

i.76 x 10a

1.98 X ]"8

3.74 x 108Total

* A step f-.nction of angle as previously shown

It shoU-'d be noted that the horizontal shear force associated with the

earthquake design requirement is approximately 16 x 10l6 bs. atid the

overturning moment is approximately 23 x 108 lb-ft.

If the pitotal point is taken at the uphill side, corner of the foundation,

the minimum stability momient due to rhe containment doa.d weight is:

Stability moment - 96.6 x 106 # x 70 ft. - 67.6 x 118 ft. # of

conrainment

And the ratio of the maximum 300 MPH wind overturning mcment to the mitai-

stability =ocent is:
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Faximum Overturning Homent -

Mini--= Sta~bility Mecinc=t

According to ASA Standard A58.1-1955, Sect'on 5.8.1, the overturning moment

due to wind load shall not exceed 66.7% of he stability of the structure

due to dead loads. It is thus concluded th.r the Indian Point II Contairs..,

i! inherently safe from overturning due to tornadoes,

Burstina kffect

As presented in paper ASCE 3269 and shown in figure 1, the maximum negative

coeffici-tn:- ' the external pressure is - 1.7 fr a cylinder with a rise ra

of about ! - 1.2 for a sphere, both happening at points of the wall

perpendicular to the wind. At 300 MPH wind, this represents a maximum drop

rbzrmal atmospheric pressure of 2.7 psi for a cylinder and 1.9 pei for the

epherical dome.

If the vertical component of the tornado is taken into account, and is

aseumed to be also 300 MPH, then the maximum dynamic wind pressure will

increase by a factor of /2 to 325 psf. The maximum pressure drop would

be 3.84 psi at points of the cylindrical body sideway with respect

to the wind, and 2.7 psi for some particular points over the spherical

dome.

Since- the India" Point II Containment building is structurally designed ana

built to withstand presaure up to 70.5 psi to accommodate safely the

maximum hypotnetical accident, It is seen that maximum pressure differentia]

created by tom-nadoes do not cause any accountable bursting effects.

Lifting Eff%.ct

ASCE paper 3269 gives the lifting force acting on a dao' rAed. a-r-t.%ght

reservior as;

F D- (Pi - Pa) A
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- .-- - . .. .gaii

where P is the inside working pressure, A - id 2/4 and Pa is the external

prensure (C being taken as -1.0)

Using this formula, the upward lift acting on the containment is:

1 D " 230 x t x (140)2 = 3.54 x 10 6

Comparing with the dead weights of the containment vessel and internals, this

represents:

to Lifting force 3 y
-Hin_-in Dead Weight

For the case of a maximum hypothetical accident which the containment

building is designed to withstand, the internal building pressure maý
reach 70.5 psi. The lifting force due to 300 MPH tornado represents only

2.91 of the iiftin? force introduced by this HCA internal pressure. It

is thus seen that the lifting effect introduced by tornadoes is Insigtificant

compared either to the mitimum building dead weight or to the maximum lifting

force that the building is structurally designed to withstand.

The equation used for missile penetration in concrete is the Modified Petry

formula.

D -K log (1- V )
. T 10A 215,000

in which D is the depth of penetration in feet

K is an experimentally determined coefficient taken as 4.76 x 10-3

ft;/f fnr reinforced concrete of 1.4% reinforcement at 3200 psi

comp.essive strength, #o 8 x 10 2t /0 Cor concrete in mass

without reinforcement.

. is Wsoile weight in lb.
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V Is striking velocity In ft/sec

A Is missile frontal area In ft 2

This formu1a predicts the depth of penetration into an infinite slab.

For a finite reinforced concrete slab of thickness T a correction factor

ouat be applied to the preceding formula to determine the predicted

penetration D' which is defined as follows:

-4 (T/D -23D' - D (1 + e-

Results of penetration in concrete of t.$.e speciftee missiles are shown in

Table III.

TABLE III

Penetration of Missile in Concrete

Corrugated Sheet Bolted Wood Passenger Cedar Fence

of Siding Decking Car Post

Impac ' Velocity

MH 225 200 50 150

FPS 330 294 73.5 220

Weight (lb) 100 450 4000 33

Penetration (ft)

Reinforced Concrete 0.129 0.234 0.074 0.053

Pass Concrete 0.216 0.392 0.124 0.093

Considering the containment building ,rall as reinforced conc:ete elab of

thickness 4,5 feet, the correc.ton fztor for finite thickness is very close

to 1. Therefore. the expected penetrations in these walla would be very

si~ailar to those shown in the Table III. The "cost seriou3 penetration is
about a quarter of a foot, which is at least an order of magnitude below the

Supplement 1
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thickness of the waA". The containment building and the concrete areas

of the primary auxiliary building are thus considered invulnerable to

perforation caused by the missiles considered.
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1.0 SUMMARY AND CONCLUSIONS

The design of the containment structure for Unit No. 2 at the Indian Point

Generating Station is predicted on the utilization of a mechanical splicing

technique fow joining reinforcement bars consisting of a "Cadweld" splice

as supplied by Erico Co. of Cleveland, Ohio.

The initial intent of the design and the Quality Control prograt. was to

provide reasonable assurance that all splices tesated have an ultimate

2trargth of 1251 (75,000 psi) of a minimum of yield (60,000 psi). To

provide a margin, the design stress is 95Z of the minimum yield or 57,000 psi.

The sampling process through April 10, 1967, which consisted of a destructive

test of one out of 100 splices and a plot of the average strength of failure,

gave every indication that the average stress in the splices was well in

excess of 75,000 psi. (Average 4alues were approximately 90,000 psi). This

sampling program continued through June 29, 1967.

The average strength of the splices tested beginning April 10, 1967 indicated

a deterioration of the stren&th of the splices. The average strength for

tests made during the month of April dropped to approximately 80,000 psi.

This reduction in indicated strength of the splices was due primarily to the

failure of 8 splices made over the period of April 10, 1967, to April 30, 1967.

While the averije value was still in excess of 125Z yield strength, the ttend

of the teqt results was unsatisfactory. No reason for the decreasing trend

was readily apparent. Hence, a test program was undertaken Lo determine the

cause, evaluate the existin3 situation, and propose remedies.

All cadwelding was stopped in the field on June 29, 1967 and the Quality

Control program re-evaluated. At the time work was stopped the following

splices were in place:

(a) Vertical 1250

(b) Horizontal 1250

(c) Seismic 700
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F I1.0 SUM A!h PtiD CONCLUSIONS (Cont'd)

At that time 57 splices had been removed from the structure. 37 splices
had been tested with results recorded. 20 additional s5lices were tinder t
and these results were added to those previously received and mode of
failure and the stress at which the failure occurred for all tests were as
follows:

Mode of Failure No. Stress (Avg2)

Bar bro s 12 80,100 psi

Pull out 45 64,600 psi
57

The results of these tests were reviewed and subsequent evaluation led
to development of the next step in determining the cause of the decreasing
trend of splice test results.

A meeting was held in Philadalphia on July 15, 1967 to review the splicing
problems and to determine a program to correct these problems. In swmary,
the program consisted of:

1. A review of the mode of failure and the variables involved.

2. A test program to determine the effects of the variables.

3. A review of the field procedures for making the 3plices.

The initial phase of the test program noted above consisted of randomly
selecting 68 additional splices from those in place in the structure
at the time. Of these, 18 were seismic splices and 50 were horizontal or
vertical. It was subsequently fourd that 3 of the 50 splices had Inadverte
been cut from another series of 50 splices belag made under strict
surveillance and ideal conditions (called 25/25 program).

C-3 Supplement 6
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1.0 SU.ARY AND CONCLUSIONS (Cont'd)

The results of eiese 3 tests were not used in the following evaluatlon:

Mode of Failure No. Stress (Avg.2

Bar break 14 70,700 psi

Pull out 51 86,800 psi
65

(NOTE: The 25/25 program mentioned above consisted of making 50 spl•ces

under the strict surveillance of UE&C supervisory personnel and Erico

representatives and under ideal conditions. 25 of these splices were cut

out for testing and 25 remain in the structure. Of the 25 to be tested,

20 were tension tested and 5 ware sectioned for macrographic examination.

These resulta were used in determining new production procedures but due

to the "laboratory" nature of their production, results were not used in

the statistical survey. An analysis of the test results on productlon

splices indicated that splices that failed at low strength could be traced

to three prirciple causes:

1. Rebars that were nicked or scarfed at or adjacent to the sleeve

usually resulted in a "bar break."

2. Rebars that were not centered in the sleeve usually resulted

in pull outs.

3. Rebars thst were mill marked (mill starpings on portion of bar

in sleeve) usually resklted in pull out_.

Of equal imnportance, bars nor scarfed, nicked, or mill marked and properly

centered in the sleeve. ,asually resulttd In a high strength splice.

A revised procedure was issued to the field on September 19, 1967 for per-

forming tht splices. 1Tis procedure Called for full inspection to eliminate

mill marked or nicked bars, and prohibit scarfing, and provide a guide to

assure proper ci-ntering of the bars in the sleeve.

Supplement 6
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AMAll splices in the existing structure were visually inspected and 1182

splicea were radiographed (609 vertical and 573 seismic.) Any splices

failing visual inspection and/or the radiograph test (to indicate if

bar was adequately centered) were re-moved and replaced. Thlis program

provided assurance that Ln exxisting splices all bars were properly

centered in the sleeve, A-1 all scarfed or mill marked bars were removed.

Based on this assurance, all test data- based on these two modes of failure

were eliminated from the statistical analysis of the test program. This

phase cf work was comp1ht." on October 15, 1967.

The overa!l program r.esulted in a sound quality control prosrsm to assure

high reliability for all future eplices and a comprehensive and 4*mplete

cneck of splices tbat were made prior te. the revised quality control program.

i.ndependent consultants were engaged to assist in determlning the program

rnd to evaluate the results. These consul.tants were Dr. T. C. Kavanagh

and Thu Frsnklin instituce. The opiniou of the consultants support the

position and procedures used by UE&C.

Cadvelding work was resumed in the field on Atugust 25; 1967 for replacement
wwork; production splicing resumed September 19, 1967, This work was ptr-
Eormed in accordance with tehe new procedures ari =E a higher sanpl&nR

rate. The higher =n~pling rate conainted of a program of initially testing

one out of five splices made in the structure and incrementally increasing

to testing one odt of 100.

From Novembez 1966 to December 1, 1967, the follcwinla _-t-sts were made:

i. Tests on Splices Hade From November l965 to June 29, 1967

Descr.ption No. of 501-ces Mean. Value

Rorizontal 50 83.80- psi

Vertical 49 93,L00 p~si

Seismic 23 72,WO0 psi

122

C-5 •2/70



2. Tzsts on Splices HMde From June 29, 1967 to December 1, 1967
Under New Production and Testing Procedures

Description

Horizontal

Vertical

Seismic

No. of Splicea

65

77

34
176

Mean Value

92,000 psi

98,500 psi

91,700 psi

0

3. Tests on Total Splices as of Deceber 1, 1967-

Description

Horizontal

Vertical

Seismic

No. of Splices

115

126

57
298

Mean Value

90,600 psi

92,500 psi

84,000 psI

Based on the completed work to date, including the replacements made sub-

sequent to June 29, 1967, and thb. new work performed under the procedures

es tehlshed September 19, 1967, .herf- is every rer-son to believe that the

completed structure will --ore t•.an meet the minimum strength requirements

that have been established.

Supplement 6
2/70



APPENDIX D

REPORT ON THE

CONTAINMENT BUILDING LINER

PLATE BUCKLE

IN THE VICINTIY OF THE

FUEL TRANSFER CANAL

INDI.M POINT GENTRATING STATION

UNIT NO. 2

JANUARY, 1968

D-16



PREFACE

This surmary has been prepared in order to accumulate in one place the

background and corrective measures taken as related to the contain•eut

building liner b Ige in the vicinity of the fuel transfer canal pene-

tration At the Indian Point Generating Station, Unit No, 2.

Incorporated into this summary is a brief description of the containment

building, the tests and test procedr.res used during construction and

after repairs were made, conclusions, the measurements made and their

evaluation, and a description of the corrective actions taken.
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INTRODUCTION

During construction and erection c• te welded steel liner on the Indian

Point No. 2 containment structure a buckle or liner deformation was observed

in the vicinity of the fuel transfer r.ube canal penetration. This report

is aimed at Ldentifying the resulting deformations, assessment of the probler

as related to liner integrity and the remedial action taken to assure

fun.:tional adequacy.

DESCRIPTION OF STRUCTURE

The reactor containment structure Ls a reinforced concrete vertical right

cylinder with a flat base and a hemispherical dome. A welded steel liner

with a mininum thickness of 1/4" is attached to the inside face of the concro

shell to assure a high degree of leak tightness. The liner is anchored to

r.ze concrete shell by means of anchors so that it forms an integral part of

tne entire composite structure under all loadings.

The plate steel liner Is carbon steel conforming to ASTM Designation A442-65

"Standard Specification for Carbon Steel Platc-s with Improved Transition

Properties," Grade 60. This steel has a minimum yield strength of 32,000 ps

and a minimum tensile strength cf 60,000 psi with an elongation of 22 per ce

in an 8-in. gauge length at failure. The liner is 1/4-in. thick at the bott

1/2-iv. thick in the first three courses except 3/4-in. thick for remaining

portion of the cylindrical wills and 1/2-in, thick in the dome. The liner

material was tested to assure an NDT temperature more than 30°F lower than t

minimum operating temperature of the liner material.

tmpcct testing was done in accordance with Section N331 of Section III of

the ASHE Boiler & Pressure Vessel Code. A 100 per cent visual inspection of

liner anc',. 3 was made prior to pouring concrete.

Supplement 6
2/70

I



TESTS AND PROCEDURES

QualificatLion of welding procedurea and welders on the containment liner

Is in accordance with Section IX, "Welding Qualifications of the ASE Boiler

& Pressure Vessel Code." All welded joints in the liner have steel channels

weldod over them from the inside of the vessel. During construction, the channel

welds were tested by means of pressurizing sections with Freon gas and checking

f or leaks by means of a Freon snifter. A strength test was performed on the

liner plate weld and the channel weld by pressurizing the channel with air at

54 psig for 15 minutes. In addition, each zope of channel cover weld will be

leak tested, using Freon-air mixture at _47 psig.

Following repair of the liner bulge, leak tests were performed on the channels

in the affected area in accordance with the above test procedures. Magnetic

partitle test is not required by the specification but was utilized in this

special rituation as an additional feature to insure ý.hat the '.ntegrity of

the liner was preserved. The weld channel system passed the leak and magnetic

particle tests.

CONCLUSION

As shown by the preceding discussion and the following details, it is

concluded that the integrity of the liner has not been violated.

Since the liner material (A-442) is highly ductile, and the liner !s deflection

limited by the reinforced concrete wall, strains in the liner will remain

elastic and the leakproof integrity of the liner would be maintained under

all anticipated conditions.

Technical data reports and quality control records referred to in the remainder

of this report are available and on file in the UE&C field offices for review

as required.
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MEASUREMENTS AND EVALUATION

9 During a routine inspection of the Vapor Containment liner by Quality Control

personnel on August 4, 1967, a buckle was noted in the liner plate near the
fuel transker tube betwe.-n elevations 56'-7" and 59'-7". Chicago Bridge &

Iron's drawing No. 5 designates these plates as 3H and 3J. Figure

1 shows the location of the plartes.

Field measurements were take; at -he buckled zone (elevations 56'-7" and

591-7"). The measurements show the disiance the liner had buckled from a

normal position at various stations. This information is shown on the attach,

Figures 2 and 3. Figure 4 is a plot of this data in the form of a contour mas

of the buckled zone.

Specifications 9321-01-225-3, Containment Building Liner, allows 2" tolerance

for lotal buckling. From the above information, it is noted that points C
and D at elevation 56'-7" were beyond the acceptable limits by 1/8" and

5/16", respectively.
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CORRECTIVE ACTION

4
Various approaches, independent of support from exterior concrete, were

examined. The adopted solution was a system consisting of a combine.tion of

a strongback and stud anchors, as illustrated 'in Figures 5 and 6. The liner

was jacked to within tolerances prior to strongback installation.

The stud anchors were installed at the high points of the buckles on'a

judgment basis, in order to prevent additioiaal buckling of these points under

compressive loadir~s by holding the liner to the concrete.

Figures 7, 8 and 9 show the liner configuration after corrective action was

taken. Figure 10 is a contour map of the buckled zone after corrections

and in addition, all of the studs including the original installation and the

additional studs are shown. At all points the liner is within the allowable

tolerances.
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