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PART 11

INTRODUCTICH

Tn sccordance vith ins‘ructions given in section L of the NRC

Requist for Proposal (RFP) No. RS~NRR-B89-02¢ entitled Nuclear iy "
Pover Resctor Design Inspection Services dated 1989 May 22, !h;;/ ;’J’
proposal from AESL Technologies, & Division of AECL (and known
ﬁgncefortb as AECL), is being submitted in three (3) distinc;~:;3
separate parts. The part herein is Part IIl = Technical and

Management pruposal.

ALCL Technologies operates as a corperation under the laws of the
Btate of Delaware. It can draw on ihe staff resources of over

4,500 “ighly trained pecple.

STATEMENT OF WORR

The objective of this proposal is to provide expert technical
assistance in the fields of electrical power systems, instrumenta-
tion and controls, mechanical systems, mechanical components,
civil and structuring engineering to the NRC inspection teams in
the performance of design inspections. The design inspections
vill be carried out to assume that the design procedures used in
constructing or medifying the operational nuclear plants have
fully complied vith the NRC regulatory requirements and licensee
comnitments.

The de<ign inspections will provide a close examination of the
desig. process and implementaticn for a selected, limited sample
of the structures, systems and components. The selection of the
samples vill be arrived at in consultation with the NRC team. For

the plants under construction the review will normally include the
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complete design process, {.e. from the formulation of principal

architectural and engineering design criteria, through the

development and translation of the criteris into the revisions and

verifications of the design,

For operating plants, the design inspection vill address the
design aspects of the plant safety system functionality, including
the reviev of the affects of the {ncorporated or proposed

modifications,

As part of these inspections the lessons learnt vill be documented

in the final inspection reports.

It is noted that the efforts required in each of the disciplines
for the annual design inspection or the overviev of spplicent
design assurance is very similar to the efforts carried out by
AECL for their CANDU Reactors that are either presently operating
or ere in the construction phases., Similar Jobs/tasks have been
carried for & number of our utilities. It is noted that our power
plants are designed to meet the ASME, Canadian Standards
Associstion (CSA), Ministry of Consumer end Consumer Relations
(MCCR) and the Atomic Energy Control Board {AECB) requirements,
Hence, our staff are fully familiar with the requirements for
Design Inspections and/or revievs for the systems, structure and

components for the operating and under construction.

It {s also noted that our revievs and {nspections in examining &
system, structure, component or operational program at operating
plants for our customers have also included, but not limited to

the following topics:

i

Validity of design inputs and assumptlons
- Valid{ty of design specifi.ations
- Validity of analyses

- Tdentificatlon of system interfaces requirements

111.2
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Potential synergistic effects ot .. anges

Proper component classification

Revision centrol

Documentation control

Verification of as-built condition

Testing and functionality of design product
Past audit findings

Rnown and suspected deficiencies and their scolutions.

As mentioned earlier, these types of tasks have been carried cut
by our staff on a regular routine basis for a number of the
utilities and cther customers, It is noted that the standards and
jurisdictional codes used are the same as those for the US
Reactor. Appendix B includes a list of the typical tasks for two
separate jobs. Also, included in this Appendix is a sample
report,

\

The purpose o. +tachment is to give a sample of the kind of

work undertaken by some of ou: staff offered in this proposal.

Typically, wvhen the task order statement has been {ssued by NRC,
the review/inspection specialists will perform the following

activities:
(a) Revieving background information.

(b) Selecting the plant aspects to be revieved during the
inspection.

(¢) Revieving implementation effectiveness of design quality

assurance and quality <ontrol programs.

(d) Performing and documenting design inspection.

ITI.3






WHY AECL 18 QUALIFIED

The effort required in esch of the disciplines for the annual
design inspections of the overviev of applicant design assurance
is very similar to the efforts carried out by AECL for their CANDU
Reactors that are eithe. presently operating or are in the
construction phases. Our power plants are designed to meet the
ASME, Canadian Standards Association (CSA), Ministry of Consumer
and Commercial Relations (MCCR) and the Atoe'c Energy Control
Board (AECB) requirements. Hence, our staff are fully familiar
vith the requirements for Design Inspections and/or reviews for
the systems, structure and components for the operating and under
construction plants. These revievs typically focus on the

following aspects at various stages of the revievs:

- Validity of design inputs and assumptions
- Validity of design specifications

- Validity of analyses

- Identification of system interfaces requirements
- Potential synergistic effects of changes

- Proper component classification

- Revision control

- Documentation control

- Verification of as-built condition

- Testing and functionality of design product
- Past audit findings
Known and suspected deficiencies and their solutions.







-
[ &2
-
C

o
——
O
<
Ba |
C.
o
c

“A

!
}
'




roivm
£ omonaan
LAREI VIR

e LS

“wai;;?diiﬂjpgiéiimntcly 5,000 staff {n tvo main operating

SUPPOKT PERSONNEL AND FACILITIES AVAILABLE

ARCL has excellent human and technical resources at its disposal.
ziviuions = CANDU Operations, (AECL-CO) and Research Céopag;. As
a result it can drav on these resources as and when required,

Members of our staff are very active in various nuclear and
quality assurance standards activities at national and

{international levels.

AECL-CO maintains membership and participates actively in a large
number of technical, professional and nuclear industry

organizations, Some of these are:

- American Nuclear Society

- Atomic Industrial Forum

- Institute for Nuclear Power Operation

- International Atomic Energy Agency

- American Society of Mechanical Engineers.

AECL-CO maintains well staffed and equipped engineering
laboratories, These facilities cover testing and development
services, specialized tooling engineering, instrumentation
services.

AECL can offer these extensive skills and capabilities clear of
any conflict of interest,
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6 KEY PERSOMNEL

The following specislists have been identified as the key

personnel:

i Mechanical Systeas
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RESUMES OF KEY

The resumés of the key personnel identified in section 6 of thisg

-

document are in the attached Appendix A.
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LIST OF TASKS: JOB 2

The overell objective of the evaluation are to:

Confirm the appropristeness and completeness of the design

criteria established for the nuclesr {sland design.

- Confirm that the design of the nuclear island complies with the
£ P

design criteris established.

- Confirm that the safety analysis is both adequate and complete,

Confirm that the reactor {s stable and vill operate as des{gned.
- Identify what additional engineering analysis and/or design
wodifications are essential to meet the above objectives taking

due account of the construction status of the actual plant.

To accomplish the above objectives, the contract was divided into

three phases, namely:

Fhase 1: Review of Reference Codes, Regulations and Pesign

Criteria
Phase 2: System and event Functional Analyses.
Phase 3: Additional Special Topics.

A summary of the reccewendations and conclusions from all of the

Products {s included as Product 09040 (Recommendations Summary) .

This Product Report is one of a series of reports prepared on the
topics as indicated belov {n Phases 1, 2 and 3. Products marked with an
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separately.

asterisk(*) have microfiche copies of relevant computer data packages

09011

09012

09021

09022

09023

09024*

09025

09026

09031%

09032

09033%

09035%

09037%

09039*

Reviev of Principles, Criterie and Safety
Methodology.

Review of Nuclear Codes and Standards,

Design Basis Event Review,

Fvent Sequence Review,

Preliminary Transient/Accident Analysis Validation.
Transient/Accident Independent Analysis.

Process Systems Review.

I&C Systems Reviewv.

Review of Reactor Core Systems and Fuel.

Single Channel Event Analysis.

Extension to 09022 Event Sequence Review - Phase 3.
Shutdown System Trip Coverage Assessment.

Startup Simulations.

Dryout Probability Assessment,

Reactivity Insertions and Power Excursions,
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Gome tasks and the topics addressed in this report are as

follovs:

TASK ¢ IN THE
ATTACKMENT

331001
331025
331009
331006
331067
331073
331067
331068
331058
331037

GENERAL TASK

Validity of design inputs and assumptions
Validity of design specifications

Validity of analyses

Proper component classification

Revision control

Documentation control

Verification of as-built condition

Testing and functionality of design product
Past audit findings

Known and suspected deficiencies
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SOUKCE_OF PERSONNEL

It is envisaged that all staff would be sourced from AECL and {ts
various divisions, The key personnel have been identified in
section 6.

AECL may substitute s person vith equally appropriate
qualification should a candidate become unavailable due to
sickness, job termination, wvork load, etc.

IT1.11
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MANAGEMENT OKGANIZATIONAL STRUCTURE

The project team will be assisted in the management function by
various support groups, including planning and scheduling, project
cost control, administrative services. Figure 9-1 shows the

overall organization at AECL CANDU Operations.

The work will be executed through our Engineering Services Branch.
J.8. Panesar will act as the NRC job Co-ordinator. He will review
the tasks and select the appropriate personnel for the specified

resource pool as shown in Figure 9-2

111:12
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10.

10.1

10.2

10.2.1

MANAGEXENT SYSTEM SUPPORT

General: Project Cost Control and Monitoring Systes

The following systems exist for cost control, depending on the
size of the tasks:

The cornerstone of Project Cost Control is the Work Breakdown
Structure (WBS) which defines & contractual package of work inte
PRODUCTS (i.e. separate Client task orders) and TASKS.

Each product has:

numerical identifier based on the Subject Index (8I)
title, generally similar to the S1 title

scope of work

list of deliverables

schedule

budget (related to the schedule and to the deliverables)

- 8 record of accumulated expenditures.

Vhereas the "PRODUCT" is a package of work, a TASK is & finite
activity or chain of activities leading up to the production of a
DELIVERABLE, For each one of the technical evaluations to be
performed the Product will be broken down into & number of
TASKS/DELIVERABLES

Project Management and lmplementation Plan

Management Controls

In & continuing effort to ensure that all sajor and minor projects
undertaken by AECL are executed with the appropriate resources, on

schedule and within budget, senior management conducts Operation

111.18



Review Meetings regularly. Through this information/
feedback/control mechanism, the Project Team will have access to
top management participation in the project., 1In emergency
situations, hovever, the Project Manager {s at liberty to consult
vith individual senjor executives on specific i{ssues and obtain

guidance and/or resolution of conflicts that could arise in the
course of project execution.

10,2.2  ARCL Plan

(a) The overriding objective of the Project Implementation Plan
is to ensure that Task Ovders are executed and perforwed to

high standards, vithin predetermined time frames, and within
budget,

structure and functions of the Project Team and the methods,
systems and controls that will be used to successiully manage

and execute the Task Orders.

The concepts presented are proven and developed. They have
been used successfully on numerous previous AECL~CO

projects.
{(b) On Notice of Award (NOA)

On receiving the NOA, the AECL-CQ Project Manager will
prepare & Project Plan which will define hov the project is
to be managed, controlled and administered. The Project Plan
will include: scope; schedule; budgets; deliveradbles;
project objectives and goals; project organization structure
and resource plan; project policies and procedures;
contractual terms and conditions; financial plan; QA plan;

engineering plan and client interface requirements,

' The Project Management and [mplementation Plan describes the

I11.16
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The Project Team mesbers will be ssseabled and the basie
project administration systems established.

(¢) On Receipt of a Task Order RFP (TOR)

On receipt of a Task Order Request for Propesal (TOR) from
the Client Contracting Officer, AECL will respond.

(d) On Receipt of Task Order Avard (TOA)

Actual initiation of project activities will be triggered by
the receipt of a Task Crder avard from the Contracting

Officer. The major engireering {mplementation S.eps are as
follows:

(1) The Project Manager will reviewv the scope and intent of
the Task Order, and drav the appropriate manpower

resources from the functional disciplines.

(44) The Task Orders will be subdivided into products, Each
; product vill cover a typical area as descrided in the

| RFP e.g. planning and scheduling, Quality Assurance,
) etc. It is expected that each product will necessitate
i i a multi-disciplinary parti~ipation.

|

(14i) FEach product will be assigned a leader to be attached to
the Project Manager's team. The leadership of the
product will be assigned to an individual whose
discipline is a large contributor to the product. The
Product Leader will provide technical leadership as well
as budget control and schedule monitoring to ensure the
quality and timely completion of the Task Order
deliverables. The Product leader will seek and receive,

111.17
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(iv)

(v)

(vi)

(vii)

lan’l‘
R TS :

as necessary, technica) assistance from the sppropriate
Functional Engineering Managers in order to assure 8
quality execution of the work,

Each product will consist of one or several tasks
sddressing the specific topics representing specific
{ssues, o.g. Performance objective, development of
generic cost factors, replacement power cost analysis,
ete. If the product has one task, the Product Leader
may assume the task leadership as well. For a multi-
task product, separate task leaders shall be chosen,
Project engineers, nuclear physicists, etc., with the
appropriate skills vill be part of each task reporting
to the Task Leader.

Depending on the nature of the Task Order, {.e. {ts
scope, budget allocation, schedule requirement, the Task
Leader and the Task team member will be either attached
to the Project Manager's tead or cperating from their
howe base {n the varicus functional areas. In either
case the Task team will still ovperate in & matrix

organization.

The Task Leader will receive technical and project
direction from the Product Leader to ensure that the
wvork proceeds on a course satisfactory to the

requirement of Client and its Project Officer.
The final report will receive approval from both the

appropriate Functional Manager and the Product leader
after reviev by the Task Leader.

I11.18
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(e)

Work Package Systenm

The concept of the AECL Work Package System is to break the

vork dovn into a number of definable and manageable
packages,

Fer this project, & Task Order will be called & Product and
each Product mey be assigned to a Work Package comprising a

nusber of Products depending on the size, complexity,
duration, ete.

The scope of each Product (Task Order) will be specified to
the respective Product Leader by the Engineering Manager.
The specification will include the following:

(i) The intent of the Task Order,
(i1) Defined Scope of Work,
(iii) Agreed budget and charge numbers,
(iv) Input documentaiion and output deliveradbles,

(v) Responsibilities between groups or individuals,

Following receipt of the initial Product, the Product Leader
will, at & point in time consistent with the vork schedule
elaborate the scope of the product, subdivide tne work
content of his Product into Tasks with an estimate (per task)

of the manpower and other costs required to carry out the
vork indicated.

In setting up these Tasks, the Product Leader vill observe
the following guidelines:

(1) Tasks should generally be associated with a deliverable

(usually a report of its equivalent) having a clearly
defined end date.

111.19










10.4 Master Code File System (MCFS)

MCFS maintains AECL=CO's cocmonly used data lists and "dict{onary™
files. The system separates the file maintenance function froe
the processing and reporting functions performed by other systees.
Typical files are as follows:

(a) Organization Analysis Table, ir luading employee numbers,
Branch Account numbers, project °  .ers, W/P numbers, SCA
numbers etc,, and their sssociated names or titles., Alsc

included are the necessary roll-up tables.
(b) W/P "Validest" file containing all W/P, Job, Task data.
(¢) GL/PL validation file cortaining the account structures.

(d) TILS parameter file containing week ending dates, statutory

holidays, etc.
(e¢) Other miscellaneous security files and table files.

10.5 Time Capture System (TICS)

TICS handles the input, edit, and correction of manhour data, and

the feed of this dats to other systems, Specific functions are as

follovs:

" Receive time sheet input data

- Generate time sheet data for those on "automatic" time
sheets

" Generate missing time sheet eports

- Edit time sheet input dat-
» Cenerate time sh«et error reports receive and edit time sheet

correction data

111.22
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Project Led

This system collects all expenditure dats, by budget category and

reports against budgets on o fiscal yeor basis,

folloving functions:

It }Jf'f. s the

- receives total and costed panhours from WHERS

- recelves expense tion data from the expense edit
subroutine connected to the Ceneral lLecger System

- generates monthly transaction report

- generates monthly W/P reports, sorted by budget category

- generates wonthly/Branch reports, sorted by project, by

budget category

4

- generates monthly SCA reports

olect ledger system contains the following data fields

- Work Package

- Scope Change Application (SCA)

- Budget Category

- Branch # (Budger A.ct ¥)

- Current Month and year-to~date data for total hours,
expenditures, control budget, suthorized budget

- Fiscal year data for contrel budgets and authorized budgets
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10.8

10.8.1

10.8.2

10 8.3
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Financia)l and technical assesswent progress for each project task
will be reported to the Client each month by weans of three

standard reporting formats:

1. Fivencial Summsty
2. Mouth.y Progress Report

8. Techniceal Assessment

Financial Summary
The Financir) Summary presents the totsl spends by labour
category, billing rate, expenses, fee and totals for individual
project tasks. The contract/budget dollar avount of the task is

also displayed on this report.

Monthly Progress Report

The Monthly Progress Report displays the sumsary listing of total
spends for labour, retes, expenses, fee and totals for all
products (project tasks) worked on for the overall contract(s)

avarded by the Client,

Technical Assessment

The Technical Assessment provides the summary provides the current
ponth spends of labour, expenses and fee for individual products.

Also provided on this form {s the narrative of technicel progress

and forecast of work planned for the succeeding month.

111.28
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11, UTHER WORK COMMITHENTS AND EXPERIENCE
i1 Other Work Cowmmitments

AECL has the resources and the flexibility to ha.dle asvignments
oy defined {n this RFP.  As gmentioned earlier, AECL can drev .0 & v*aff of
almost 5,000 through its various divisions. Therefore, NRC requires ints can
be met vithout adversely affecting other coumitments,

1.2 Experience

Please find attached in Appendix B o summary of AECL work

experience in sddressing simi{lar tasks,

111.26
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LIST OF TASKS: Joh 2

Toe overall objective of the evaluation are to!

Confirm the appropriateness and completeness of the design

criteris established for the nuclear {sland design,

Confirm that ihe design of the nuclear is)and cooplies with the

design criteria established

Confirm that the safety analysis {s both adequate and comp'ste.
Confirm that the reactor {s stable and will operate as designed,
Identify vhat additional engineering analysis and/or design
modifications are essential to meet the above objectives tak.ng

due account of the construction status of the actual plant.

To accomplish the above objectives, the contra ~ was divided inte

three phases, namely:

Phase 1: Reviev of Reference Codes, Regulations and Design

Criteria

Phase 2: System #nd event Functional Analyses.

Phase 3: Additiors] Special Topics.

A summary of the recommwendations and conclusions from all of the

Products {s included as Product 09040 (Recommendations Summary).

This Preduct Report Is one of & series of reports prepared on the

topics a8 indicated belov {n Phases 1, 2 and 3. Products marked with an
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Bome tasks and the topics addressed in this report are as

follovs:

TASK ¢ IN THE
ATTACHMENT

331001
331025
531009
331006
331067
331075
331067
331068
331058
331097

GENERAL TASK

Validity of design inputs and assuwmptions
Validity of design specificeticrs

Validity of aralyses

Proper component classification

Revision control

Documentation control

Verification of as-built condition

Testing and functionality of design product
Past sudit findings

Known and suspected deficiencies
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REVIEW CF SYSTEM DESIGN AND COMPONENT FARMSETERS
fystem Description

A schematic diagram of the ECC systea is shown in Figure 1,

High Pressure ECC Injectinnm Flowpath

The high pressure injection portion of the BCC system consists of
lator ¢as tank, two accumulator water tanks and asscciated valvep

and piping., These three tanks are located in_th ! or Auxiliary Building.

T™he gas ta
waler tank
which are
the piping

Lwo Lwelve
aystems, I
{dentical.
relative 1}

mally open
Trhese thie
and the AC
the conely

injection
filowpath @
flowpeth )
traing).

2.1.2

Emergency

nk which is normally pressurized ! is lsolated from the
$ by two preumatic normally closed, Teall © valves in parallel,
referred to as trhe GAS TANE 18CLATION VALVES. water tarks and

Jownstream are normally pressurized to

the sixtenr inch discharge line from the two water tarks splits inte
inch bBranches. This is the separation point for the two ECC subs=

eferred to as Train A and Train B, The two trains are conceptuaily
Mare are some minor differences in the pipe layout caused by

ocations of the ECC accumulator tanks and the recovery sump.

ownstrean of the separation poii., each branch contains two nors

, electrically operated valves and a check valve, all in serlies.

¢ valves, which are referred to as the ACCUMULATOR LBCHARGE VALVES
CUMULATCOR DISOMARGE CHECK VALVE, isolate the accunulator tanks at
sion of high pressure injection,

tmmediately dcenstream of the three valves, each high pressure
flowpath merges with the sixteen iach low pressure injection
sscciated with the same train (ie. the train A high pressure

oing with the train A low pressure flowpath and gimilarly for the B

ltyrfreggﬁxnvtichxgjectch“}jg ge;iypiyhtl:viggh

The low pressure injection potticn of the ECC system consists of the
Cooling Water Storage (ECWS) tank, ECC pumps, heat exchangers and

associated valves and piping. The ECWS tank is located cutside the Reactor
Auxiliary
systems an

piilding et grade elevation. The tank {8 common to toth ECC sube
4 to toth Reactor Containment Spray (RCS) subsystems.
rle

1] four subsystems share 4 conmch digcharge not from the ECW

e

0
B
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fownstrean of the separation point there e mxumgl)y ot
trically cperated valve in series with & check vo-avv- :'_"30 Valves l;o -
the ECWS TANK I1SOLATION VALVE and the ECUWS TANK (.'ith.Z-: .I‘a-—...-w, ™ese hol.t
valves prevent air entrajinment into the BCC punp e sl atan the vater ln‘"
ECwS tank is depleted. w

e low gressure BCC injection line thes ,.g--,:- “th the 10ne .
the recovery sump, Upstream of thip connection, e ot 9 FUp 1ine
isolated by & rormally closed, electrically operatat c.f.t in series ol
check valve. These valves are Known 48 the RECOVESY :L'E ISHLATION s
the RECOVERY SUMP CNECK VALVE. T™he recovery susp ;‘-'id'-""-:xn Valve 13 ¢
for containment isolation since the recovery sump ,gm“:.‘ £ the tdug,ht
of the Reactor Contalinment puilding (RCB) and is e ‘.:S_ ;h. eontainment
atmosprere. The recovery sump eheck valve prevents ‘gx:u fiowing 4n
recovery sunp during the transition from low pressnra® WESET Lern {rigcyq
the reccovery mode.

rom
is
thoa
VE ard
*qulres

to the
°n to

The common low pressure injection/recovesy e I8 cornected 1o bt b
the ECC pump suction and the RCS puap suction. [Dowmswimas of the ¢ parp,
the ECC system i completely separate from the RS SZaCemi.

The sixtesn inch Bo¢ pump discharge line E=mc=® flov via 4 heat
exchanger to the junction of the high and low presguzae o“‘:"’:-“tl:m piping. A
check valve and & normally closed, electrically o;o:c.f:ff WRIVE on the low
pressure injection line termed the LIW PRESSURE INGECTTIE WALVE and Low prps.
SURE INJECTION CHECK VALVE prevent the upstiean piyiag eul equiroent froe
being overpressurized during high pressure ECC c-;vc:‘t;:hm: teasting of tre dooye
mulator water tanke or failure of either gas tank 1. ST cm walye,

There is 4 recirculation line from tre PCCT rasp d;scn,;, to the
pump suction. The maximum flov trrough this line 18 ﬁ-:‘. /8, ™
recirculation line permits testing of the ECC punps X inG MOMmMal reactop
operation. It also provides the mininzum pump flov :ﬁ:.rizq Pigh presscre pre
injection, The recirculation line contains & noraaily cpen, Ny open preys
matic valve xnown as the PUMP pECIRCULATION VALVE

2.1.3 Compon High/lew Pressure Injection Flowpath

bownstream of the point vhere the high and lov pressure lires 4oin,
the sixtesn inch cammon injection line contains 4 norsally elosed, elece
vrically operated valve referred to 43 the BOC INJECTION VALVE, Th(s valve s
located just outside the RCB wvall and serves as contalnment isalatien,

After penetrating containment, the ECC injection line wplits {nte
two branches., One branch provides BC flov to the headers At the north end of
the reactor and the othor branch provides BCC flow 0 the headars at tre south
end of the reactor. A rupture disc {s installed in each branch line to maine
taln separation between the iight vater used for BCC injection and the D0
ysed in the Primary Beat Transport (FHT) systes. The rupture discs are
desigred to burst open when the upstream pressure exceeds the downgtrean

-3



pownstream of the separation point there is 4 normally open, elece
trically operated valve in series wilh A check valve, These valves are called
the ECWE TANK ISOLATION VALVE and the EUWS TANK CnECK VALVYE:, These Snol.gxbn
valves prevent Alr entrainment into the ECC pump suction vhen the vater (n the
ECWS tank is depleted.

The lowv pressurs BCC injection line then merges with the line from
the recovery sump. OUpstream of this connection, the recovery sump line g
{solated by & normally closed, electrically operated vaive in series with
check valve, These valves are known ag the RECOVERY SUMP ISOLATION VALVE and
the RECOVERY SUMP CMECK VALVE. The recovery sump :sclation valve 18 required
for containzant isolation since the recovery sump 18 located in the basement
of the Peactor Containment Building (RCB) and is open to the containment
atmosprere. The recovery sump check valve prevents water fram flowing into the
recivery sump during the transition from low pressure short tarm injection to
the reccvery made.

The common low pressure injection/reccvery line is connected to hoed
the ECC pump suction and the RCS pump suction. Pownstrear of the ECC pump,
the ECC system i8 completely separate from the RUS syste’ .

The sixteen inch ECC pump discharge line directs flow via a heat
exchanger to the junction of the high and lov pressure injection piping. A
check valve and & normally closed, electrically operated valve on the low
pressure injection lire termed the LOW PRESSURE INJECTION VALVE and LOW PRES-
SURE INJECTION CHETR VALVE prevent the upstream piping and equipment from
being overpressurized during high pressure ECC cperation, testing of the accy-
mulator water tanks or failure of either gas tank isolation valve,

There is & recirculation line from the ECC pump Alscharge to the
purp suction. The max.mum flow through this line is 0.16 53,|. ™e
recireulation line permits testing of ‘he BCC pumps during normal reactor
cperation, It also provides the minimum pumg fiow during high pressure ECC
injection. The recirculation line contains @ normally open, fail open preye
patic vaive knesn 48 the PUMP RECIRCULATION VALVE.

2.1.3 Commpon Righ/low Pressure Injection Flowpath

Downstream of the point where the high and low pressure lines join,
the sixteen inch commen injection line contains a normally ¢losed, elec-
trically operated valve referred to as the ECC INJECTION VALVE., This valve i3
located just outside the RCPD wall and serves as containment isolation.

After penetrating containmeac, the ECC injection line splits into
two branci.es. One branch provides ECC flow to the headers at the north end of
the reactor and the other branch provides BCC flow to the headers at the south
end of the reactor. A rupture disc is {nstalled in each branch line to maine
tain separation between the light water used for BCC injection and the D30
veed in the Primary Beat Transport (PHT) system. The rupture discs are
designed to burst cpen vhen t} upstream pressure exceeds the downstream




pressure by The differential precsure required to buret the discy
in the reverse Alrection is slightly greater. The Alsce are scored 8o that
they will not fragment, but petals will fold Yack with flow creating an _
opening with & cross-sectional area slightly smaller than the pipe. Tests L
were performed on the rupture discs used in other CANDO 600 BCC systems.

These tests have shown that the additional resistance adlcd to the BC systen

by the rupture disc is the saze order of magnitude as & fully open globe

valve,

Downstream of the rupture dise, each branch line s further sude
divided into four ten inch injection lines each eventually connecting to &
different reactor header. EFach (njection path containg & check valve and @
normally ¢losed, electrically cperated valve in series. These valves are
called the D20 CHECK VALVE and the ECC/PHT ISOLATION VALVE., DOpstrean of
the Dp0 check valve the pressure in the ECC lines s kept close to atmcse
pheric, Downstream of the BIC/PHT isoclation valve the pressure in the ECC
lines {8 the same as in the reactor headers. The pressure in the {nterspace
betwioen the Da0 check valve and the ECC/PHT isolation valve will be at
some intermediate value which depends on the relative leakage rates of the
030 check valve and the ECC/PHT isclation valve.

The D30 check valves prevent both core and doiler Yypassing vhen
the ECC/PHT isolaticn valves are cpened following 4 LOCA, They alse jermit the
ECC/PHT isolaticn valves to e tested during normal reactor operation without
reverse rupture of the rupture discs.

A restriction orifice is provided in series with and upstream of
each BUC/PHT isolation valve to limit the flow through this peth in the event
of an ECC line break dcwnstrean of the F C/PHT isolation valve.

The train A &and train B (nject.on 1ines for 4 gives reactor header
sonbine downstreas of the ECC/PHT iscolation valves and the restriction orie
fices. These ccabined injection lines 40 not connect directiy to the reactor
headers but rather to the shutdown cooling systen piping which in turn is cone
rnected to the reactor headers,

2.2 System Design Changes From Phase 111 Scudy
81 Nuaber of D20 Check Valves

In the Phase 111 study ore D30 check valve was providad upstream
of a4 pair of BCC/PHT isolation valves. 1In the present design one 030
check valve {9 provided upstream of each BCC/PHT isolation valve (Ref. 1),
This prevents toiler bypassing following 4 raal or spurious LOCA signal. This
change results {n & total of eight valves being added to the ECC gystem,

L
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Containmeny Peretrations And Injection Valve Arrangement

I

2.2

In the Phase 111 stody, the high pressure injecticn flowpath and the
Jow preseure dnsection flowpath penetrate contairmen rately and th
. « f, ’ f ¥ 2

W : AS part of
§ change, the sccumulator discharge valves and the lov pressdIT injection

eherk valves wvere relocated owtside contalnment which facilitates valve
maintenance.

(Ve arrangenesnt At the contalrnent peretration was acdified
siightly in tnhe prepent Sesign (Ref. 2). 1In the Phase III study, the
scoumuiator discharge valves serve 48 contairment dselation for the high
pressare injection flowpath., Alse in the Phase 111 study there vas a second
vaive in series with the lov pressure injection valve for contalnrent
fsolation,

In the present design & rew valve (the ECC injection valve) located
in the common BECY injection l1ine, just outside the containrent boundary,
pnrves 88 containment isolation. As a result, the valve (n series with the
low pressure injection valve was no longer reguired and was eliminated,
gince the ELC injection valve is located downstreanm of the accumulator dise
charge vaives and is norrally closed, both accumulator discharge valves in
gAch subsysten can be normally open. This reduces the cperational regquire~
ments on the acoumulator isolation valves = they ere still required to de fast
¢losing velves,; but the opening time {9 no lenger important. Tha ECC 4njec~
tion valves are reguired to be fast opening valves.

The sccumulator discharge check valves were added in the present
ptudy (Ref. 2) to prevent water from Delng pumped into the accumulator tanks
if vhe low pressure injecticn valves were accidentally opered during ECC pump
testing.

2.3 FCC Injection Line Orificing

In the reference design, the ECC injection lines to the reactor oute
let headers each contain a restriction orifice having & k-value of 20, The
purpose ol these orifices was to improve the ECC flov distridution between the
inlet and outlet headers follewing & reactor outle* header break with the PHT
pumps running. Increasing the resistance in the ECC lines to the outlet
headers (ROH) Increases the relative ECC flow to the reactor inlet headers
(RIN) which are at & higher pressure decavse of the punp head and the bresak
location.

It was assuned in the Phase I} that similar orificing would
be jrov the BOC system design fonm Rowever, the safety analyses
for wo*:tudy agsume a lose of Clas power when the resctor is

tripped, refore the PHT pumps would not de running during BCC {njection

and it s likely not necessary to have a higher resistance {n the ECC line to
the ROH thar in the line to the RIN,

.




\\
< ..\O

\l/

L]

In the present study orifices are provided in the BOC linss to the
RO# and the lines to the RIH. These orifices are fntended to linmit KC water
vastage (BCC vaver flowing directly out the break without passing through the
reacto the event of an BCC 1ine break. The UTE phase analysis based
on th:#utaunco design has shown that the BOC vater vastage |
followirg & nen-orificed (RIH) line break is significant, but acceptable. B

-
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However ECC injection line orificing will
ntrease the margin for high pressure ECC
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¥ ce the asount of wastage and
injection.

In this present design stage it is proposed that the restriction
orifices provided in the lines to the inlet headers and in the lines to the
outlet headers, have the same resistance value, le., k equal to 20.

2.2.4 FH? Set Pressure For ECC Initiation

In the Phase 111 study the PHT set pressure for pCC initiation was
In the present study this set pressure tas been increased t¢

This chenge is most bereficiel for the gmall LCCA scenarios
because the ECC initiation signal 1is generated earlier. This results in an
earlier crash cooldown signal to the stean genarators, faster depressurization
of the PHT healers and hence earlier ECC injection into the reactor core.

2.2.5 Crash Cooldown Time Delay

In the Phase 111 study the time interval between the ECC initiating
signal and the signal to cpen the stean relief valves on the steam genarators
{s 30 seconds. This delay was to allow the stop valves to the turbine to
fully close before the MSSVs are of :ned. It has since been determined that
only 10 seconds need to be allowed for closing of the stop valves. Therefore,
{n the present design the time delay between the ECC initiating signal and the
crash ccoldown signal has been reduced to 10 seconds (Ref. 3)., This change
results in earlier ECC in‘ection into the reactor core.

2.2.6 Sequencing of the Class II Powered Valves

All electrical valves required to operate to allow high pressure
injection from the accumulator water tanks are supplied by Class II power.
These valves include the ECC inje tion valves and the ECC/PHT isolation
valves.

2-6
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> alves .a ggered at an intervael of
H T™ies is & change from th reference de slgn dn whie
LA58 {nverters were sized to permit simultaneous cpening of all the D-C

B LV RO

[ R ]

Operation of the abcove v

Class 11 powered valves. Staggered opening of the BCC valves offery 4 Sonate
derable sconcmic advantage (Ref. 4).

Two independent lnverters are provided, one 18 used for the Traln )
£CC valves and the other for the Train B ECC valves. There are & total of
nine Class 11 powered ECC valv sB _BCC train, Therefore the final moe

valve would start to operate after the first valve had started ¢
Q;Q."'..t

There is also a delay in cperating eagch valve du
{retrumentation, This delay is estimated
there is a delay n permiteing first flow

through the valve due to ineffective stem travel. These delays are consecys
tive, Therefore, with sequencing, the final ECC valve required for high
pressure %CC injection would start to permit flzvﬂafur the BECC
fnitiation signal (referred to as the LOCA signal) was gernerated.

Recause the ECC injection velve 48 in series with the eight ECC/PHT
{solatien valves in esch train, it should be opened first. The order in vhich

the ECC/PHT isolation valves are cpened is not important. The aralysis will
Assume that the ECC injection valves start to permit flow after

the LOCA signal and that all eignt PCC/PHT isolation valves start to permit
flow simultanecusly u—uftor the LOCA.

erence design, accep
elapsed between the LOCA

to the control and
In addition,

In the safety analysis for the
table results were obtained assuming that
sigral and the first BIC injection flow i Pecaise the PHT
set pressure for ECC {nitiation has been | the '.«.-A l.grn

ngre T.
will be generated slightly earllier for L‘o“!eug n vould 1 the
powered ECC valves on i

effect of the delay in opening the Class 1
safety aralysis.

T™he LOCA signal is also used to close the valves in all the intere
connection lines joining the heat transport locps, These inclyude the pres-
surizer isolating vaives 3332-MVY and MV2, the 0;0 feed valves J3)1-MV1)
and Mv22 and purification system valves J33E-MVY to MV4. The pressurizer
{solation valves will also be sequenced at 0.2 second intervals after the ECC
valves, The analysis will also assume & 0.5 second delay {n the cperation of
the valves due to instrumentation and contrel. The remaining valves will be
powered by Class 111 pover and therefore are not sequenced.

2.2.7 Opening Signal Por low Pressure Injection Valve

In the Phase III study, the opening of the low pressure injection
valve was controlled by the water level in the accumulator tanks. During high
pressure injection, when the level in the tanks reached a lov level setpoing,
the low pressure injection valves would start to open, This wap intended to
prevent flow into the low pressure injection piping during high pressure
injection.
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1 the preseat Semign, It wap dovifed that the luw pressurs injege

tion cheok ¥ALVER ard the BWE task check valven wira puffivient to grevent

flce 1hte the low gueeswre injectisn pipdngs ™marefore, it wag fecidsd Lo

cpon the iow jrersnre frtectioh valew on the ILCA sigral to jromcte 8 LAY
.

trasabtien Crom the Nigh pressars stage to the low pressure stage of WC

.

Aniection

™ low prewsure Injection valve 18 cjperaved by Clase 11 guwer and
(g trerefore not seguenced.

‘ th the present study % waAs Saridad 18 Alscsdnt fatlure of the
Mgd creck walves Bince these valven are roapally 44 the Zitied geitisf.
following 4 XA, e salvas Wil spen for Nuyh presrure EC {niection and the
:‘:: sheex valves to tha unfdilied Tesy aNenid &love whgn- lov pressure LA
sechint taves over: Cirde the fnterval in ehich the values are tpen L8 very
shart, At 18 exvianely el iwely that the D3O Shedk valves wil)l stigk 4n
the cpen gesivien: Therefire, the BCS FAT jeolaticn valves 1o the unfeiled
{owp wily revain opeh after 8 LA,
¢ &9 Aot iater G&s Tank Cperating Fressury
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nsm ™ig velue was taven from Jesigh intoemad; 8t An early stage
af the pelererce ECT aystem desigh. taver, the vafety 7= jysis -4

reterince design davcorseraved that an Sperating §as tain pressery of
was aleguate and the teferpnce desigh was Fevised,

16 the plokesnt ICS design !..:m.‘e SEETALIng gad ARk pressvre
sdured U sase a3 the releranze design,  In addition 4

ALing pressute ih Lhe gas tanks wuld result in & moge abrupt
transition from Nigh pressure to 19w pressure ECC Anjecrinn:

tinimia Cperating Teeps

:
]

ratuis




SRR S R D g'; ;,j'q::%&;"""' 4
JRERL 'ﬁ“ﬂﬁ ,

e ‘29 X

5 fﬁh
B ’\

o‘:ll ?e Kept within 'v_

Water Tanks

nitiel ECC {injection, water store)
nder pressure to the reactor

PR ORARL Y [ e e

£ . “.\A v \
;4.‘.'!;0- lv AT A R e AT 3




MATERIALY

CAPACITY
Bffective Volume for Injection

TIMPEFATURR
Operating

Design

PREGSURER:

Cperating

Design
APPLICABRLE CODE!
SEISMIC CLASSIFICATION

2:.3.) Emergency Cooling Water Storage Tank

buring the low pressure stage of short term ECC cperation, wate”®
stored in the ECWS tank is injected to the reactor hesaders using the Ef
punps. Because the opera-ion of the RCS system has Yeen cranjed such t at the
RCS recirculation mode will begin on the same lov lev.l pignal usced to inie
{ate the ECC rgpgvery mode (Ref. 6', the capacity of the EXWS tank has teen
from the Phase 111 study.

L

The ECWS tark is insulated to reduce heat lcsset. ring the cold
ponths the operating tesjerature of the tank is nainteired sing an
external heater in seri th & recirculation pump, The praincipie purpose of
the recirculation pump assist in the chemiceal corrosion control of the
ECWS tank.

- "

The design specifications for the ECWS tank are listed below:

GENERAL!
Quantity

Equipment No,
MATERIAL:
CAPACITY:
Effective Volume for ECC Injection

Effective Volure for RCS Injectior

TEMPERATURE !
Operating

Design
PRESSUAE

Operating
Pesign

-



AFFLICABLE QGDE1 M.TI Class )
SEIEMIC CLASSIFICATION A

2.3. 4 BCC Pumps

The BCC pumps are required to cperate during the low pressure ¢t
of short term ECC operation and during long term ECC operation,
the two ECC pumps must be cperaticonal for at least © months,

ige
™us one of

In the reference design, the lov pressure stage of short tera BCC
operation 48 referred to as 'sedium press e {njection’', becausa the
source of water for injection is the dousang tank located abvuve the
recovery sump. Thus the i(njection pressure during medium pressure injection
18 significantly higher than during the recovery mode.

This 1s "ot the case in the ECC design for EPIC, The ECwWe tank {s
located at near grade level s is the recovery sump,

The ECC pump head for EPDC was from the refererce
lesign o compensate for the use of the Grade level ECWS tank instead of the
i i

higher level dousing tank. 1In determining the firnal puamp specifications, it
was necessary to achieve adejquate injection flows with & minimal pressure
reduction at the end of high pressure injection., At the same time, pulRp rune
out had to be prevented and the EoC pump power requirements minimizad.

The pump head vs flow curve assured in the safety analysis is shown
in figure 2. 7The actual puamp curve will not be available until the puzp mange
facturer is selected, however trere should be very little difference froa the
assumed flow curve. The EPIC panp design will be essentially the sasze as the
reference pump design except 4 different impeller will be used ard the pump
internals may be slightly modified,

The design specifications Jor the ECC pumps are iisted below.

G[Ni P,\L!
Equipaent No.

Type

Fluid pumped

Rated Flow

Head at RPated Plow

Shutoff Read

Operable Flov Range Regulired

NPSH Required at Rated Plow

MATERIAL:
Inpeller, case, shaft

PRESSURE,
Normal



TEMFEROTURED
Nernal
Cgvrltirq
Pesign

DRIVE MOTOR:
Trpe
Eize

APPLICABLE CODE:

SEISMIC CLASSIFICATION

2.3.% Heat Fxchangers
ALL 1 LA %

The ECC heat exchangers are reguired to rescve the reactor decay
heat from the failed FHT loop (o a LOCA. 1n the pregent study the duty
of each EUC heat exchanger vas Calculations
show that with one RCS system h¥at exchanger operating, the smaller ECC heat
exchanger would still maintain the vecovery sump tesjerature and the ECC
injection temperature within design limits., These calculations are further
described in Section 4.0 and are consarvative.

lowin

The design of the heat exchanger was specified in detail using &
sinple computer pProgranme. The primary and secondary side pressure drops
~gp the heat exchanger were kep 1238 thoge in the Phase 111 study.

“

D » A

SR ¢ to tre mixing effect of the pump recircu.ation line: This change
in the primary inlet temperature reduces the efficiency of the heat exchanger
therefore it was decided not to reduce the secondary side flow,

A 1=shell pass, 2-tube pass Lype heat exchanger is considered the
optimum and recommended for the present design. The required heat transfer
area is approximately 1100 ®%, The design specificaticns for the heat
exchangers are summarized below:

GENERAL:
Equipment No.

Type

Service

Cagacity

Heat Transferred

2-12
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3 frergency Core Cooling
Puring the full sequence of exergency core cooling operation, decay
heat removal 9 by transfer of heat to the steam generators or by dischargs of

fluid through the broak. The latter mode predominates for the large Yreak,
The former mode predomingces for spall breaks.

3.3 $hort Term Cperatic

gas tank isolation valves first stare

within a lu u"c". o!'or the

Tecause e piping beteeen the AccumulAtor water tanks And the gas tank
{solation valves is gas filled and initially at lov pressure.

£CC dnjetioh ow from the asccumulator tanks into the PHT system
will start n#a{ur the LOCA s{ynal (dye to ECC valve cpening
1y r when tre FuUl system pressure drops t..Hxl this occurs after
mﬂ‘eu ip gufficlent coolant available in the accurulator water
i orf 4 ainimum mmfot a 100N heade broak size. For smaller

breaks the time is externd

the conlant level in

As coolant is discharged frow the water u'*.
the tanks and t“o injes tton ressire flll 0!

Orn low ¢oolant level in the accumulator water tanks, the sccumulator
digcharge valves are closed to prevent gas froe being Injected into the PHT

wWhile high pressure injection is occurring, the ECC pumps have
srtarted and are recirculating waser via thie pump recirculating lines. The low
pressure injectlon valve opens on the LACA signal but the lov pressure piping
Teraing isolated by the check valve in the low pressure injection line. When
the press e downstream of the check valve falls helow the pressure generated
by the punps, injection from the ECWS tank begins.

From this time, until the accumulator discharge valves are fully
closed, EIC {njection water is being supplied from Moth the accumulator water
tanks and the ECWS tank. This helps sacoth the transition from high pressure

to low pressure injection.

There i3 sufficlent water in the BECWS tank for 15 minutes injection
for e large LOCA with both BCC trains operating. Short tera ECC injection
will therefore last & minimum of 17.5 minutes.

e
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SHELL SIDE UATA:

VBE

rluid

flow rate

Inlet Temperature
Sotlet Temperature
Pesign Temperature
Pesign Pressure
Lesign Pressur, "Yop
’pplicable Cc s
Seismic Clag

SIDE DATA:

Fluid

Ficw Rate

Inlet Temperature
Satlet duemperature
Deslgn Temprrature
Pesign Press.re Drop

2.3.6 Yalves

with a ring type seal.

1t is recoemrnended that the large valves in the low pressure portion
of the ECC system which contains light water Ye specified as butterfly valves
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3.0 SYSTEM QPEFATION

The ECC system ls on standdby during normal reactor operation. It
operates only in the event of a LOCA.

3.1 Reactor Trip

In the eent of & LOCA, the pressure inside the RCB rises &nd the
pressure in the PHT system drops. Before BCC system cperation is initiated
the reactor {s tripped. The trip parameters are high neutron power and/or PHT
low flow and/or high RCB pressure.

3.2 Blowdown

The tima after the LOCA, until the FHT pressure reaches the ECC
injection pressure, is known as the blowdown period. The leng.h of time for
the b.ewdown period is deperdent on the break size.

During the blowdown period, the LOCA sigral will be gererated.
‘ - G A IO pAtal TR PIEATRSER | D
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The LOCA signal initiates the following major actions:

- Open the gas tank isclation v-lves

- Open the ECC injection valves*®

- Cpen all sixteen ECC/PHT lsclation valves**

- Start the ECC pumps

- Start cooling water flow to the ECC heat exchangers

- Open the low pressure injection valves

- Open the SG safety relief va)ves after a 10 second delay

- Cluse the Pr" loop isolation valves: pressurizer isolation valves,**

P20 feed va. /es and the purification system valves (This feolates the
failed locp 'rom the unfailed loop and isol tes both PHT loops from the
pressurizer, feed system and purification system.)

T L 4 e . T S S

% The reference CANDU 600 design has been changed such that it nov uses A high
moderator level signal as conditioning for in-core breaks. Thus retention
of the high moderator cover gas pressure signal for EPDC constitutes &
design difference from the reference design.

semhe operation of these valves is sequenced at 0.2 second intervals to limit
the size ¢f the Class Il power inverters, see also section 2:.2.6,

&
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3.3 Energency Core Cooling :

Puring the full sequence of erergency core cooling cperation, decay
heat removal is by transfer of heat to the steam gererators or by discharge of
tiuid through the break. The latter mode predominates for the large break,
The former mode predominates for small breaks,

334 Short Term Operation

within a few saconds

i

tu open,
Yecause the piping between the ACCUMUIALOT water tanks and the gas tan
isolation valves is gas filled and initially at low pressure.

o

.

.

BCC lnjectiot ow from the accumulator tanks (nto the PHT system
‘ : after the LOCA signal (due to ECC valve opening

3 the PHT System pressure drops !ﬂM\f this occurs after
T™here do sufficlient coolant available (n tFe accumulator water

for a 1008 header break site. For sraller

he coolant level is
"y Varits By ) l“')'

On 1o coclant Jevel in the accumulator water tanks, the accumulater
discharge valves are closed to prevent gas from being injected {nto the PHT
syatem,

while high pressure injection is occurring, the ECC pumps have
started and are recirculating water via the pump recirculating lines. The low
pressure injection valve opens on the LOCA signal but the low presvure piping
remaing isolated By the check valve in the low pressure injection lire. When
the pressure downstream of the check valve falls below the pressure generated
by the pumps, injection from the ECWS tank begins.

From this time, until the accumulator discharge valves are fully
clcsed, BCC {niection water is being supplled from hoth the accumulater water
tanks and the ECWS tank. This helps snooth the transition from high pressure
to low pressure injection.

There is sufficlent water in the ECWS tank for 15 minutes (njection
for a large LOCA with both ECC trains operating. fMort teram BECC injection
will therefore last a minic .. of 17.85 minutes.




A\
//
4 O MR TS50 RN YA AN 70 . AN 50 it 5

3.3.2 long Term Operation

puring short term cperation the injection flow escapes from the
break and collects in the RCP basement., When the EWS tank reaches a pre-
determined lov level setpoint, the recovery line isolaticn valves from the OB
basesent are automatically opened, ghortly after, vhen the BCWS tank reaches
the very low level setjoint, the BOWS tank i{solation valves are closed and e
long term recovery mode of BCC operstion begins., This mode of operation
referred to as the recovery mcode, continues until the decay power is very low.
Por design purpcses, this period is assumed to be three months.

The recovery mode is essentially steady state tecirculation of water
discharged from the break back to the failed PHT loop. The water is heated in
the core by decay power and is coolad by heat transfer to the reactar compoe-
pent cooling water system via the BCC hea® exchangers and also by heat trans-
fer to the steam generator secondary side,

Steam generated in the steam generator is rejected via the main
steam safety valves. These have been opened after a LOCA for steam generator
cooldown. The auxiliary feedwater system provides flow to the steam generator
gecondary side.

For 4 s=all break the ECC pump flow {s small and heat transfer to
the steam generators will be a significant fraction of the total de~ay heat
removal, particularly when the water in the PHT systea is hot, The ICC heat
exchangers still remcve heat from the recovered water. Ai.-« approximately
four hours, the core will be cooled to & low envugh tesperature that the ECC
heat exchangers alone are adequate for cooling the fuel and feedwat.r flow to

the stean generators in the failed loop is not required.

the Unfailed loop

3.3.3 Cooling of

The urfailed loop is cooled by thermosyphoning with heat resoval by
Y¥ 9 Y
the stean generators. The natural circulation flow is sufficient to provide

decuate cooling of the fuel. When the PHT coolant teaperature drops to
the shutdown cooling system can be connected to the unfailed loop.
-

Makeup to the unfailed loop is provided whenever the locp pressure
falls below that of the emergency core cooling {njection pressure.
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4.0 poC WATER TEMPERATURE

In order to size the ECC hoat exchangers, it was necessary to calege 'é
late the teamperature of the water in the reccvery sump at the start of the poe
recovery mode. Twe CAces were considered: & 1008 ROH break and & f:eder aire
break.

™e data for these calculations vas derived from AI-10B8: “Station
pata and Modelling tnformation for the 600 MW containment Analysis® (Ref. 7),
The method of calculation and the key assumptiors used are descridbed below:

1 ™e average ECC flow for each break size wvas derermined from the AI-1088
Adata. These flows were adjusted te account for the higher pump head and
he EFDC design, For the feeder size break the
M. 4 for the 100V ROH break the ECC flow {i»

2. e time at which the recovery node begins was calevlated by dividing the
rotal injectable mass from the accunulator water rarks and the ECWE tark
(2,022 x 10% xg) by the combined RCS and ECC flow froe ‘
for the feeder size break the recovery mode be
for the 1000 RCH break recovery begins at [RENEEEN

3. 1t was assumed that all the erergy discharged froa the break was present
in the recovery sump liquid. Thus the total enthalpy of the sump vater
was calculated by summing the initial enthalpy of the R:S water and the
enthalpy of the fluid di: ‘.arged from the break. The break discharge

B 4 for the higher initial temperature of

n the referenca design) and the

ader size break the total enthalpy of the

and for the 1008 ROH dreak the total

the ECC waterx
higher BCC 1
sump water o4

erergy 558 e total entralpy is higher for the
feeder siie longer time belore rhe recovery mode
Pegins.

4. T™he temperature of the recovery sump water was caleculated by dividing the

total energy of the sump water by the mass of the surp water (2,022 x
108 kg = no hold-up of the discharged water vas assused). For LDE
teeder size break the average euthalpy of the sump water is
¢orresponding to A temperature of ‘;?Q"""':‘ For the 1008 RCH break th
average enthalpy of the sump wate G} Pl -crresponding to A
temperature of

It should be noted that the assumption that all the anergy dis-
charge' from the break is present in the sunp 1iquid is very conservative
gsince flashing of the f1uld discharged from the brear will occur. Some of the
vapovs will condense on tne RCE walls internal structures and equipment. The
latent heat of condensation will be transferred to these surfaces and not to
the sunp water. Some ¢ the vapour will not condense. This also reduces the
( total energy present in the sump water and hence the & 1p water temperature.
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The recovery susp tamperature transients which result are P;“‘ht.:
in Appendix A.  From the etart of the recovery mode, the decay heat of ong
reactor loop ie less than the heat removal capability of the BT°C heat
exchanger. Therefore the RS hsat removal capability does not affect the
pizing of the ECC heat exchanger. For the 1000 ROH break the ECC injection
temperature decreases quickly demorstrating that very soon (ie. within o fow
minutes) after the recovery mxie begins there {s excess heat resoval
capability Ln the system. 1! ihe criteria for sizing the heat sxchanger cap
be relaxed to permit the N temperature to remain above the design
value ofwB provided that the heat remcved by the
ECC hest. Anger 1s at least equal to the decay heat of one reactor loop
thern the area of the BECC heat exchanger can be significantly reduced and
consideration could be given to also reducing the cooling vater flow through
the ECC heat exchanger,
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i ey e / y layout of the syst is mot
ceompletely finalized. udgenent, the hydraulic data used
{n the analysis is & resscnable representation of the overall ECC system flow
resiatance and of the relative dlstribution of the reslatance betveen the
various porvions of the BCC system, It should be adequate for the present
survey aralysis. When ihe ECC system layout Le completely finalized the
hydraulic data will be updated for the future safety analyses. It is axpected
that any changes will be minor and will not affect the sverall results of the
present survey analyses.

L)

In order to 1imit the number of c.ses to be studied in the present
phase of the safety analysis It way necessar, to symmetrize the ECC system
hydraulic data. This treatment of the data wis justified by the mist recent
proposals for the ECC system layout pre,.red Ly EPDC which are almost come
ple.ely symmetric.

Congeguently the safety analysis assures that the res.stance 4sso-
siated with the Train B flowpath to the ECC/PHT isolation valve station on the
cpposite side of the RCB from the Train B L°C injection contalnment penetras
tion, applies to es~> °f the flow retha from ' v accumulator tanks to the four
ECC/PHT 1solation = - stations. (v Teiis a.ve was selected because {t was
the largest res sta..cx. To achiive symmetry in tre actual ECC system layout
each flowpava would | .ve %0 have 4 similar resistance to the cone selected.

For the plping tween the BUC/PHT isolation valve station and the reactor
outlet teaders, the average resistance of the four flowpaths was used, For
the piping between the ECC/PHT fsolation vaives and the reactor inlet headers
the same approach was :sed, An average value was used because the resistanc
of the piping was small relative to the restriction orifice in these lines.
Thus the siza of the srifice ¢ould be adjusted, Lf necessary, to make the
resigtance ir. each flow path the same.

The hydraulic data used as & basis for the safety analysis is
included as Apendix 'B’.
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6.0 SYSTFEM EVALUATION

This section will be fssued once the safety ana

ECC system are complete,

2-21
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7.0 CONCLUSIONS AND RECOMMENTATIONS

The BCC evptem will act following a LOCA to remove residual and
decay heat frcm the reactor core and to limit fuel damage. The systeam g
designed to tolerate any single active couponent fallure during short term
operation or alther an active ar & passive comgonent failure during long t. oa
operation, The BOC system 1s automatically fnitiated and does not require
operator action in the long term.

1t is recoomended that the material used for the BCWS tank be
changed from cardon steel to stalsless steel to sinplify corrosion protection.,
At present, it is planned to use cremicsl control to prevent corrosion however
this requires good circulation in the tank especially since the tank s vented
to atmosphere, If a stainless steel tank vere used the size of the pump used
to recirculate the water can te reluced since the pump would only de required
to maintain the temperature in the ECWS tank.

1t is recommended that t*e design reguiraments for the ECC heat

t be revieved to permit the BCC injection temperature to exceed
provided that the heat exchanger is always adble to runove the decay
heat of one reactor loop after thre start of the recovery mode. This
reconmendation is reassnable gives the congervatism of the assumptions used to
calculate the recovery sump water temperature at the beginning of the recovery
mode.

chane

It is essential that txe ECC hydraulic data be revised once the
iding and in the Reacts
liary Building has been finalized. These data should be compared qualitae
tively to the hydraulic data used for the survey analjyses,

Since the temperature of the accumulator water tanks and the ICWS
tank is significzantly increased aZ<ve the reference design and Phase 111

ea
study, the accumuldtor tanks will have %o be insulated and/or a heater
provided in series with the logal recirculation pump. For the EC4S tank, &
larger heater would be required. The heating reguiresent should be revieved
in the detailed design stage.
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0.0 EXECUTIVE SUDDUARY

BACKGROUND

gl

ﬂs defined in the Contract the assessment is divided into three
distinct phases, each with separate delinestion of vork and objectives:

Phase 1 Reviev of Reference Codes, Regulations and Design
Criteria

Phase 2! System and Event Functionsl Aralysis
Fhase 3: Additional Speciel Topice

In Phase 1, the appropristeress and completeness of the salety
design criteria established for the nuclear isl desigr are revieved,
The Phase ) sumuary report vas issued in August B he report
presents & general sumary of the reviev of the criteria completed in
Phase 1 with a brief outline of the post important conclusions and
recomuendations.,

This report swwsarizes the vork don Phases 2 and 3. The
overall objectives of Phase 2 wvork for the echnical evaluation
are to!

(a) Confirm that the design of the nuclear islang complies wiih the
design criteria established in Phase 1

(b) Confirm that the safety aralysis is both adequate and
complete,

and (¢) Confirm that the reactor i3 stable and will operate as
designed,

e objective of this Sumary Repcrt is to g amarize hov wvell
the#‘;\uclut pover plant has met these three ove:all objectives,
Information to support these summary statements {s drom frow all the
Phase 2 task reports for each of the products,

Phase 2 of the technical assessment corcaing the following
producte:

09021 Design Basis Events Reviev

09022 Event Sequence Reviev

09023: Preliminary Transient/Accident Analysis Velidation

09024 Independent Transient/Accident Analysis

09025 Process Systems Reviev



09026 Trstrunentation and Contral Systems Reviey
09027 Reviev of Reactor Core Systems and Pus)

It should be noted here that in Product 09024 independant §
aralysis of plant transients and accidents {s dore to supplement the 3
Product 09023 reviev of the availadle tafoty analysin., Because this
revieved analysis vas preliminary in nature, it vas considared Preferad),
to perform sufficient indepandent analysis in Product 09024 rethar than
vait for the fiial anslyses to become availadle for reviev,

The cbjectives of Phase 3 vork are to address special topics
arising from the activities of Phases | and 2 or identified by ENEL,
Phase 3 contains the following products,

050311 Single Channel Event Analysis

05032: Extension te Product 09022 Event Sequence Review
09033 Shutdown System Trip Coverage Assessment

09035 Startup Simulations

09037 Dryout Prodadility Assessment

0v039: Reactivity Insertions and Pover Excursions
05040, Reconmendations Sumwnary

05041 Shutdown Systems Reliability Assessment,

In this report, the results of the various revievs and analyses
are discussed in the framevork of certain "special topics™, These are
CIRENE plant {ssues that extend across the boundaries of the specific
product work areas, This approach provides convenient sccess to the
information and aids comprehension,

The presentation of information under these special topics is
net intended to renk in order of importance any of the conclusions and
recommerdations made in the product reports. The choice of the special
topics is also not claimed to be exhaustive dut it does provide coverage
of the mcre major issues identified,

Plant Stability and Contrel

The reviev of plant stadility and contro)l concluded that the
reactivity control devices provided meet the intent of the relevant
‘ general design criteria, Rovever, anelysis of power manceuvres and other
1 plant transiert) in Product 09024 shoved that the reutron pover {s not
{
|
{

vell contrelled qudor these conditions. BESREE
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transients vere run for too short & period of time, +.d4 the perturbations
used may be too small to excite any inherent non-linearities. Analysis
done by AECL indiceted & potential stean d.um level {natadility. The
analysis also shoved that the recirculation flov {s unstadle vhen g
recirculation flov control velve time corstant nesr the realistic value
{9 used, Further aralysis should L. done to confirm that adequate
margins to instability exiet,

An assessment of the reactivity control devices reliability
concluded that no unsafe loss of raactivity control is predicted ot
credidle frequencies.

Core Heat Rexcval During Normal Operation

In normal operation, fuel cooling is provided by the primary
covlant system and associated equipment and heat sinks, The reviev of
the systems contributing to the function of heat removal fron the core

eration indicate that the function vill generally
PN S RS R e s 7

»

A number of fuel cooling concerns have been raised in the event
seguence assessments done by AECL, The critical event sequences
generally i-velve lcss of heat sink in the medium to long term and can be
divided intv three general categories:

1.  Event seg 2nce limited by operator unreliadility.
2, Event sequence limited by equipment unreliadbidity.
3. Event sequence requiring analysis support to justify the

stadility of the event sequence end conditions or ass.se the
consequences,

- 441 -
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For sequances initiated by loss of feedvater, the main
contridbution to the loss of feedvater {3 the tripping of the normally
operating feedvater or condensate extraction pumps, This high frequen
i9 judged to place unacceptadle demands on the operater, Por s0quencaey
limited by the cperator, it is recoamended that & reviev of the Alira
sequences be undertaken to determine 4f an {ncreased reliance on timely
operator action s justified, Appropriate training and procedures should
4130 be considered, Total loss of Class 3 and 2 electrical pover
supplies is credidble, based on an assumed unreliadility of 8 x 109 for
the standby diesel generator set., Class 2 system reliadility
improvements by design changes and/or more frequent testing are
recommended,

A reviev of the preli-‘nary sefety analysis revealed a nunder
of deficiencies in the thermchydravlic analyses codes vhich could affect
fuel cooling results., Therefore, independent AECL analysis vas done to
clarify the concrns, The analysis results shov that the fuel and
charnel related safety targets are satisfied in all cases dut one. In
the stagnation feeder break, the pressure tuds s predicted to strain and
contact the calandris tude in violation of a safety target,
Recorwvendations to alleviate this problem include removing certain
conservatism from the analysis, or sccepting contact and analyzing its
consequences,

Analysis of small bdreak wvithout high pressure makeup shovs thit
vhen the emergency condenser depressurization {s initia*ed, natural
circulation fails and & prolonged fuel heatup occurs. lthough the
fuel-related parameters are acceptable, it is recomme i1ed that a general
reviev of events vhich could lead to this type o behaviour should be
conducted,

The analyses alse indicate that the emergency injection systes
is effective in cooling Aowm ihs fue), Tvo specific situations are
identified which are not addressed in the analysis: effectiveness of
recovery injection to cool the affected channel for the header break with
8 feeder check valve stuck open, and the effectiveness of injection for a
feeder break,

Cote Heat Removal During Shutdewn

The systems required for core heat removal under shutdown
conditions include the main circulation system, the main steam and
feedvater system, the emergency condenser system, the residual heat
removal system and the main ccaponent cooling system. A numder of
recommendations are mads to improve the function of these systems under
shutdown conditions.
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Initiating Events

The postulated dinitiating evente considered in th
cesign docgmertation have been compared against & lilt of p
: Canad

malfunctiors of control Cﬁmputcro. 0pur10us opening of thn amergency
condenser condensate line valves, and insdvertent cpening of the lines to
the residual heat removal system,

A nuder of infrequent events that are not sddressed in the
,3oc~;ﬂn:nion are loss of service gystens, moderator system failures
nd end shield failures, Based or.ﬂex;erior,co some of these system
failures can result in severe challénges to the integrity of the primary

circuit boundary and the stiuctural integrity of the reactor assemdly,

Single Channel Events

The comparison of limiting initisting events i
ABCL lists iC¢ . ified e‘ght events not considered in the
Three of thess are single channel events which are the sub)
analyses. The assessment of pressure tube rupture shoved that

Assuning the pressure tube rupture occurs, the canse1uenc01 (34
acceptadle,

The flov blockage snalysis shoved that the most likely blockage
vould not te sufficient to cause fuel sheath drycut in the affected
chanrel. To furtter strengthen the plants' capadility to desl with flov
biockage, it is recome e"ded that local measurements for all channel flcovs
be made availadle to the cperater in the main control room,

End fitting failure analysis vas done assuming & range of fuel
geometries after the fuel bundles are ejected inte contairment., 1In the
case of the most likely 3eometry after the end fitting failure (scattered
elezents), the oxidation release is calculated to be adout one third of
the total channe' inventory. It is recommended that releases from
containment ond public doses be calculated, taking into account the
gontainment tesponse to the event,

Event sequence analysis for the single channel events revealed
that the loss of Class 3 and 2 pover following & pressure tube rupture is
credible,




Mitigating Systems v

Systems required to stadilize the plant folloving an {nfy
events are celled mitigating systems, Their unreliability dictare, the
course of tha event sequences and t?orovont 8o uongg‘ond int

w

TRUENE ALK, 5 ik L Shiol MAEY a0 0 particular, o
: I AECL assessnent of the shutdown systems reliability vas do in
Product 09041, and confirmed the unavailadilities caloulated by“ It
vas noted hovever that the common cause failure rates (vhieh vere alse
edopted for the AECL aralysis) wvere ‘nsufficiently Sustified,

A variety of analyses have been performed by AECL whieh support
the ability of each shutdown system acting alone to termirate design
basis pover transients, Llarge downcomer and header breaks have been
aralyzed in Product 09024 assuming only the moderator dump system {9
available. The margins to fuel breakup and proupt criticality are
substantial, The functional teviev of the shutdown systems jdentified
several issues which need to be resolved, In particular, the measurement
of neutron flux by the in-core and cut-of-core pover range detectors does
not adequately take into account the effects of moderstor level changes,

The reviev of the preliminary safety analysis reves)ed several
deficiencies in terns of completeress. One of these is & lack of
ara’vais over a range of initial povers and event severities. Therefore,
kECL performed & trip covera ¢ Aisessment, as Yed balcv,

R R Tt N s N kb W e
tifiec for further considerstion inzlude a $e4)) dreak vith
Class 3 pover availedle and a LOCA vith & recir~ulation pump discharge
check valve stuck ojen,

Dryout Analysis

hannel analve.s, and concerrs about the

A48 42,9 ( )‘: ; A “—:"T' P
d that the criterion is
lces of pover control

B e AN analysis shove

Texcee of flov control and alow

cases, Design solutlons invelving changes in lov flov and overpower
setpoints, and in the nom!sal full pover recicculation flov have Youn
suggested,

L e
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Point Xinetics

An important {ssue is the use of point xinetics L;Hzo
analyze transients and eccidents, To evaluate the adequacy © point

kinetics approach, a postulated LOCA vas aralyzed by AECL using both a4 3D
Ayramic code and point kinetics, Ceed agreement vas odtained as long as
the trip time deternmined with spetial kinetics vas used in the point
kinetics simulation, It wves concluded that point kinetics is adequate to
analyze accident scenarios provided that the delay time of the accident
scenario of interest is known e priori,

In the overall technical assessment, the positive void
reactivity coefficient vas not considered a detrimental feature, Onse
the plant control problems ocutlined above are resolved, and, in
particuler, the thermal calidration prodblem, 4t is expected that the
control of pover and other key paraczeters can te ahown to be adejuate,

Trip Coverage

The shutdown syste ip coverage assessment done in Product
09033 made use of AECL and nalysis results to construct trip

coverage maps for the various limiting eveni:. The majority of th
significant findings relste to veaknesses an trip coverage bel:v*
Gererally, analyses or further revievs have been recommended to reso
these issues, To improve primary trip coverage for loss of regulation
events resulting in slovly increasing pover vhep gt p stean is used,
an overpover trip vith trip setpoint just cb;veﬂon the moderator
duvp system is suggested. To provide backup coverage for slov loss of
flcw events and slov loss of pover control with & ¢ross 1ink feilure of
the recirculetion flev contrel, eddition of a lov flov trip on the liquid
rods system is suggested. In alddition, eliminating the sharing of flux
detectors between primary and bazkup trips, and belveen shutdown systems
is recomrended, It vas also recomsended that ¢ trip coverage assessoent
of loss of moderator and end shield cooling events be made in conjunction
vith analyses recommended in Product 09022.

Severe Reactivity Insertion Analysis

Because of the Chernobyl accident, assessment of severe
reactivity insertion avents has decome desiradle. An AKCL aralysis of
reactivity insertions beyond the design basis vas performed under Product
05039, As part of the study, it vas established that during a pover
excursion, the only mechanisa for fuel and channel failure vould de fuel
breakup due to average fuel enthalpy in excess of 300 cal/g. The main
finding of the analysis is that either shutdown system vould effectively
terminate a guillotine break of twvo headers, or & simultaneous guillotine
failure of more than four steam mains, Since thase svents are much nore
severs than any of the design dasis accidents thare are 0
recommendations or actions required.
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Reconmer 2ations Sumary

All of the Technical Assessment conclusions and recommendayy
are swmarized system-by-system in Product 05040, Actions are nu;g..t°
to aid the fmplementation or dispositioning of the recoamendations, ‘.‘
cover sheet i3 provided vith each aystem package listing any
recommendations vhich are judged to have & high prodadility of o nalor
effect on the plant cost or schedule.

It is concluded that, implementation of the changes recomvended
in this report vould strengthen a4 design vhich is already basically
sound,
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RECOMMENDATION #: 33100
SYSTEM(S) 331/332

REFERENCE: Product 09029, Task 4,1/5,1, Sectlion P.2.3.
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RECOMMENDATIONS SUMMARY = PRODUCT 09040

RECOMMENDATION #1331 009

SYSTEM(S): 33!

REFERENCE ! Product 09025, Task 4,2/5.2, Section P.2.5.4,
Task 4,1/6,1, Section P.2.5.

DESCRIPTION OF plant Process Condition Transients

RECOMMENDATION B o1 TR 1

OR CONCLUSION

CATEGORIZATION: A

REQUIRED ACTION
AND/OR COMMENTS

IMPLEMENTATION
REQUIRED FRIOR
TO PLANT STACE NO: 5
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Froduct 09025, Task 8,2/%.2, Section €C.2.3.1¢/4.

RECOMMENDATION
OR CONCLUSION
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RECOMMENDATIONS SUMMARY = PRODUCT 09040

RECOMMENDATION #: 331037

SYSTEM(S8): 331/1 B
REFERENCE: Product 03024, Task 1,0, Section * 0

DESCRIPTION OF Flow Stability in Primary System

RECOMMENDATION

OR CONCLUSION The recirculation flow (3 wunstabdle {f a recirculation

flow control valve time constant clase Lo the
realistic value {8 used, It |8 recommended that
futher studies of the flow stadility Ye made to
ersure Lhat swriclent margin to the {nstability
ex;sts,

CATECORIZATION: B

REQUIKED ACTION This s a potentially serfous prodlem which needs to
AND/QR COMMENTS be fnvestigated {n more detafl, Much can be learned
froam compissioning tests, particularly hot
commissioning tests with startup steas injected Into
the core. However; {t {3 not clear that this will
nfide

AT

Very 12;0rvant rose | e discovery of, ang the

develojment of a design solution to sfigure of
design.

eignt” flow fnstadility {n the

IMPLEMENTATION
REQUIRED PRIOR B
TO PLANT STAGE NO:

DISPOSITION:
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SYSTEM(S8):
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DESCRIPTION OF

RECOMMENCATION
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REQUIRED ACTIO
AND/QR COMMENTS

IMPLE~ENTATION
REQUIRED PRIOR
TO PLANT STAGE NO:

DISPOSITION:

RECOMMENDATIONS SUMMARY = PRODUCT 09040

331048
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Product 0902%, Task 11,6, Section 8,5.1,

Jxygen Suppression in Steas
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1.0 SUMMARY

This report presents a summary of the review conducted on the °

Codes and Standards eamployed for th of process systems, pressure
vessels and heat exchangers {n the Nuclear Power Plant, '

The review deternmined the adequae
Codes/Standards (1973 edition®) used in the

: _ i : ‘ I,
T VR e (TR - They are coaplete

and a».e ally adequate for use in v A TEN OF Process systems, pressure
vessala/heat exchangers, for the selection and use of materials, and feor
the inservice inipection of components, But some significant differences
and changes ex st betueen Lbe tuo edftions of the Codes/Standards which

Theae differences/changes are ldentified to de in the areas

- design for system coverpressure protection;

- review and certification requirements of design reports for
pressure vessels and heat exchangers;

- ruies for 3es'g~ and analyses of ¢ritical components of
presaure vessels and heal exchangers,

= inservice {nspection of zetal containment components

o PR—

edition up
{nter acdenda,

l of:
' ¢ For*ede. {t is
to an neluding

-«'f =
1'097/(3051
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2.0 INTRODUCTION

This report deals with the review cof Code Standards
conducted as Task 05 work In Product 09012 of the Technical
Assessment. Basically, the scope and the objectives of this review are
as follows: : X o

[

d Por the reviev L9 outlined in Section 3
of this report salient s0in:s of review results are
3 2lusions re2zxned from the meviee And the

n A Se

etlan <

v s

v

In Section 6§, the jocunentd referred {n
the review are llsted, In (14 tre comdrerensive reports from the
thvee review party ad

<5007 /€051
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n carrying out th

I The deslgn requiremants which should typically be acddressed for
each type of pressure retaining component were fdentilied,

MR v.

:

nd th

exf‘cerrage‘o Tthe ceslgn requiresents was

a%3€e3384Q.,

The standards currently used {nternationall
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3,2 Process Systeas ‘

A "process systen" means a system associated vith the operation
of & nuclear power plant, and consists of an assemdly of items Including
supports connected to perform one or oore desfgnated functions with the
voundaries extending either to 8 component that provides {solation from
the adjacent system or to a discharge or vent port.

In the design phase, classification of process systems into
safety classes provides criteria for the process systea design froa the
pressure dboundary integrity viewpoint, and, the basis for the design and
construction requirements to assure the desired sysiea/coaponent
integrity and rellabdblility,

o -
Y.L F 1 % i “
A AR
e

A04ER

thelr acce

ptadility to the process systeam design.

Finally a comparison |s made of the Task 03 and Task Od Liste
(Ref. 1 and 2) of the Codes and Standards to highllight the differences
and om!ssicons of significance to the system design from the safety
viewpoint and to outline the significance of the differences bdetween the
1675 and 1983 editions of the Codes and Standards o the process systea
design,

A comprehensive report of the review (8 attached as Appendix A

to this report.

3.3 Pressure Vessels and Heat Exchangers

In current deslign practice, the dasic desalgn requirecents for a
typleal pressure vessel, as an example, a tube=in-shell heat exchanger,
cover the following areas:

i) Calculations for { e pressure vessel sizing, including the
vessel wall thickness, and for {ts external supports,

i) Analysis of c¢ritical Joints {n the vessel assemdly,
i14) Selection of materials for the vessel;

{v) Caleulations and analysils for dealgning the internals of the
vessel,

he Codes and Standards used !mfor the design of
pressure vessel (Ref, 1) are evaluated for thelr accejptabdbility to the

basi{c requirements defined above,

Mt




The final step 19 to ldentify the Cudes and Standards (Ref, 2)
in the current pressure vessel deslgn practices,

sodes/Standards are conplete for the pressure vessel
des

- there are 4ifferences/omissions detween tnem
sditions of the Codes/Standards and the sig 2ance o ese

differences that could affect the pressure vaessel desizn In
terms of current design practices,

A comprehessive report of the review as atove 18 aypended as
Appendix B, Tadle § of thls report.

1,4 Selsction, Welding and Inapection of Materials, and Inservice
Inspection
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b, 0 RESULTS AND DISCUSSIONS

(| Process Systems

The sallent results of the review performed per Sectlon 3.2 are y
1isted below, Discussions, as appropriate, follow each set of ~esults,

For additional detalls, references are made to the ccaprehensive report

Appendix A, appended in Section 7,

4,1.,1 Codes and Standards of Edition exp

- Standards of the Hydraullc Institute

\

Power Test Code PTC-32.1, Nuclear Steam Supply Systen

=193, Overpressure Protection of Low Pressu-e Systems
connected to the Reactor Coolant Pressure Boundary,

]
.

other s and Spandards listed {n the Task 03 1ist as
employed for the {gn of ®iant are not applicadle to nuclear

process systems, ese are generally applicabdle td equipment design and
materials., Examples of these Codes/Standards are
Starndards (Ref. ', 2). S8ome of these Codes and Standards are reviewe n

Appendices B and C of this task report, and In Task 06 frow the equipsent
deslgn viewpoint., The Italian Codes and Standards are not revieved in
this part of Task 0S.

Them::e Class s applied to the process
system in Its design on the basls of the safety class of the system. The

safety classification {8 dased on the safety function the systes s
required to perfore. There are four safety classes for the systexs,
namely SC-1,8C-2, SC-3 and Conventional.

3

{')097/(3051
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The design of a nuclear system and Lts components to the
requiresents of the ASME Code Section IIIl assures an acceptadle deg
structural and pressure boundary {ntegrity. The approach taken {n

similar approach prevails
hese code requirenents are

nternationally, but the method in whic
ccmplied with varles,

From the adove, (t |s concluded that the Codes/Standards
employed (n are acceptadle,

Codes and Standards of 1983 Edition Eamployed Internationally

However
(Div, 1)

that the ¢odes and
QT or process systems design are coeplete (n
tandards eaployed internationally

standards employed {n B8
terns of the Codes and

A ccaparison of the
Standards with those used (n
Yatween the L« editions of

of the Codes and
{dent{fles a signiflcant di’ference
s/Standards that aay (mpact on the
Svarpressure protection de ne aystems, ThAls diffarence arlses
from the revisions %o the sodes during the period 1973 to 1383
nanges In design philoscphy towards Setter design/proteastise for
/ Systams and Compcnents, Qetails of i3 difference are lescrided
stion 8.4 of Appendiz A, 3riefly, tnls Gifference relatas to:

eptadility of sertaln types only of overpressure pratectio
es, e.g relief valves are mcre acceptadle than ruipture

A
C
33

& O

dQQC
dev
dis

[

t
- 1

- requirements for overpressure pre

.v

gction reporty;

- requirements for connections between the protective
the adjoining system component;

“a
@
-<
i
@
5
-
x

- requirements on rellef capacities of e protective Zevice,

<950097/C0%1
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Aok gy of Canada Limvieg,
: 4,2 Pressure Yessels/Heat Exchangera :
The salient results of the review performed per Section 3.3 are

outlined below with the discussions, as necessary, folloving each set of
results. Appendix B in Section 7 is referred to for detalls as

appropriete,

' b.2.1 Codes and Standards or-tditxon Eaployed 1r.-

Codes and Standards, of effective year enployed {n the

' Hpunt for the deslgn of pressure vessel/hea exchangers are
Ref, 1)1

tandards

standards are used widely in the U.S.A, and Canada,
Standar re extensively used {n the U.S,A, and Carada iIn the
f conventional, non-nuclear pressure vessels, The odes and
ssels in the

My

*
u

on the basis of design category, safety classiflication and "esgsential”
status of the pressure retaining components (see Section 3.,2.4 of
Appendix B). The adequacy of the Codes and Standards llsted adove are
determined based on the criteria and classifications deacrided in the
NIRA documant,

D S O T e X, T S A N R 0 R i T S T e I R i e R e e e ST,
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Verification of the Codes and Standards eamployed ln,j-
agalnst the dasic design requiresents for pressure vessels/he
exchangers shows that: )

basle caleulations for vessel sizing, vall thickne t
external suiiorts ari iiv';od by

- the ireaswo test roiuiremcnu are covered by_
analysls of critical joints is done d us!ng-

R : R B (Ref, 3) and are
ba consarvasive wilh respect to the
~equiresents from the pressure boundary integritly
viewpoint, The design stress limits for components {n design

category 1 are the sase as those specified for Level A (2¢
conditions

. the requirements for the design of the vessal {nternals and for
protection against flew induced vibratlons are not specified,

From the adove, it 18 shown that, for the project specifle
design categorization and safely classifications of the pressure
vessels/heat exchangers, the codes and standards enployed are generally
adequate, except that the requirszents for vessel (nternals design, and
sratection against flov inducesd vidrations are not speciflied, It I8 B
svad Lhat these two requirements are not covered dy the Codes and
Srandards but are based on the <ide usage in current deslgn practiices,

H DN

4,2,2 Codes and Stancards of 1583 £aition Taplayed Internationally

{ The codes and standards employed {aternationally In current

{ design practices for the cesign of pressure vessels and heat exchargess
are listed {n Section 3.3 of Appendix B. Briefly, in additicn Lo thise

s
a0
| yaed In the e tesign (Sectisn 4,2, above), the following are used:

erences
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Mok Eraegy of Carade Umited,

[ ]

between except

in nusbering of the s(andirdo.
Thene ghanges/differences are detailed In the Tadbles 5 ta 7, of
Sastion 4.2.3, Appendix B, These changes/differences are grouped into:

- sigrificant: A change which may result {n a significant

tnor ease in the structural integrity or the reliadllity of the
e retalning doundary to an extent that the existing
4esign may be inadeguate In gaintaining its safet

3 That 18, the existing
e safety function without

desluﬁ-fg adeq.ate to maintain
incorporating the change,

ariefly, some of the significant changes that adversely affect
the ex!sting design are:

- the cwner's (tnlrd party) review and jurisdictional authority's

certification of the Desi Reports for each code a
gosponent and supports

¥ we rules goveraing the assumptions for and analysis of
stresses In the critical parts of the pressure vessel
« (Subsection NB-3200);

- tne datailed analysis {n local stress regions, for example, in
the vicinity of openings (Subsection NB=3300);

- ne restrictive rules governing the dizensions of the openings
relative to the vessel; similar rules for the spacing of the
openings, and for the vessel thiskness and reinforcements tased
on the alliowable stresses (Subsestions NB-3200 and NC~3200)

Another significant c¢hange, not 1isted in the Tadl to 7, I8
related to the sandatory reguireseats for {mpact testing ofb
# The izpact testing is Subject to
several exeaptlons Ddased on size, wall thickness, and type of materlials
used, 1nﬁ1es£gn. comoonents in Class 2 and 3 systems are reviewed
ard lonact tAs specified, where appropriate, based on similar
considerat'ons and on tb fety functions, A reviev of this aspect

should be aone for the esign, using the rules of the
ocds to !dentify the cdmponents {nvolved, The review should

- 11 -
0097/CO51
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axamine the material properties and physical dlmensions to confira Lhat
the pressure boundary 's adequately relladle, Where lmpact testing s
judged necessary and was not performed, the effects of a potential
failure should be evaulated,

Stgniflcant changes arising from a comparison of the Sth (1968)
and 6th editlions of tho“Standards relate to:

{ » the liaits on slze, maximun operating and design pressures;
- the 1laits on unsupported tude length.

6.3 Selection, Welding and Inspection of Materials, and Inservice
Inspection

The lmportant results of the review per Sectlon 3.4 are
discussed below, Appendices C and 0 in Sectlion 7 of this report are to
be referred to for details,

I

T™e Codes and Standards of JEEMENedition used (n thell
design o ALk Tl 5 e -
are:

The first three standards are used wid and
tanada, and hence are also acpeptadle for use (n

ely in the V.8,
. g
Standards, whlch are also used extensively In the U.3.A and Canada, ire

sultadle for use {n the design of conventional, non=nudlear quality
xomponents, The changes/differences Jetwseen the edi{ions
of the Codas and 3tandards lavolve:

8 Indlcate that they 4o not
{ nave an adverse effect on the ex} : selaction and use of
vaterials which are based on the of Codes and Standards,

The exceotions to the Code . and Standards clted by”
(Ref., 8) for the selactlon and substitution of materials, an )
conditions/criteria under which the {ndividual exceptions zay de utilized
are acceptadle because, (n general, siailar practice of qualified
subsctitution of materials prevalls (n Canada, However, In Canadlan
practice, the Justification fcr substituticn of materials (s orly In

termy of technlzal superiority and (8 aot dased on econcaic or supply
reasons.

C50C97/C051
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plants, even
that of the

The differences/changes between the
re dbriefly as follows:
of Appendix D):

!ror deul!s see l

Section N,

- different levels of visual {nspection;

- eddy current examination of steam generator tubes;

- qualification ¢f (nspection personnel;

- alternatives {n fnspection ¢jcles;

- repalr procedures For REEESENTEERE TS D S

- cranges o exesption ofF components frea [aspection;

- requirezents for aore [nspection of resldual heat resoval and
energency core cooling systems;

- nev requirements for visual {nspection of metal containmen:

components and the acceptance standards for {nspection;
- reduced test [freyuency for {nservice testing of pum,s

- tezperature criteria for system pressure tests;

A review of

these diflerences/changes detween the

, ode, and of the requirements of
plants lnd cates that the following aspects have an

d‘3-

e oo v e
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§,1,2 Pressure Vessels/Heat Exchangers

The following Codes and Standards, of dition, used In the

.

g : A
- raview and cersiflcazion requirements 3f Jesign raeports; (se?

note delnw)

- rules for stress ana.sels of ¢ritical somponents:

- rules governing the dimensions of the openings relative 12 ihe
vessel,

- requirements for {mpact testing of Class 2 add 3 Componerts,

S5n the review and cersiflcation requiresents of design reports,
[t {8 to be notad that these rejulrements w<ere added to ensure that, Dy
review, the design was done praperly, and dy certification, the
sccountability/responsidility for the design L8 dlaced on the de




Aumu:bnqnolCuudothhd;

.

$.1.3 selection, Welding and Inspection of Materials, and Inservice
Inspection

e AR AY e s followed,

Alth e B o similar to that In
the "ode, there are major gilrerences between the twe with regard to
th rsoection details and requirements,

§.¢ Recommendations

=
L
o

83s8~ on the adcve co islons, the following recommendations

are sade:

r the design of heat exchanger tubes agalinst flow
tions should be previded,

~~
< ™
“»
o B
w O

2. Guidelines for the design of Internals In the pressure
veasel/heat exchanger should be estadllished,

.

salgn reports for all code class ccmponents and supports
suld be aubaltted for a third party review and cert{fication
y the jurisdictional authority.

b2

"
-
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»
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PART LIl: TECHAICAL AND MANAGEMENT PROPOSAL
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: The Research Company, a major research and development organization is
located al two main sites: the Chalk River Nuclear Laboratories located at
Chalk River, Ontario and Whiteshell Nuclear Research Establishment at

Pinawa, Manitoba.
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ITEMS REQUIRING FURTHER DISCUSSION BY AECL
RS-NRR-8%026
NUCLEAR POWER REACTOR DESIGN INSPECTION SERVICES

AECL should discuss whether the personnel proposed for the subject
contract are familiar with [EEE and ANSI standards,

The personnel proposed for the subject contractare familiar with 1EEE and ANSI
stendards

Fu' L le, the nuclear reactor desi ;n of the

Dm:n Uamu.’s and Des A‘gn me'u'wm documents whichinnun eeference the
pertinent [EEE and IES siandards,

Another example of AECL familiarity with the standards is i

BRI (s n 050 reguires the we of the ANS standards for the design
iy LA e
o RSN Al ! 1o her example (s the wie of ANSI standards f m

which are et c'umh wsed inow designs.

The per:onnel on the prop nsrd subject ccnmrau have an averoge of

gpproximale;

wer this period

AECL understonds that plants of various vintages will be reviewed ond inspecied
by the design inspection team. This means that AECL will be reviewing plants
who u applicable LEEE and ANSI standards are different than 10dayt siandards
AECL is particularly competent in handling this problem for NRC.,



e
)

b.

b

AECL has been designing nuclear power planis for over 30 years. As a result,
owr 2 sonnel have been associated and worked with these ever changing ANSI
and |EEE standards For the less experienced engineering staff members AECL
mainiaing siaieof the-art Information cenier which enables the quick and
elficlent retrieval of applicable standards. This information sysiem enables ow
highly experienced engincering s1aff to keep abreast of changes in applicable

standards.
AECL does not feel tha ¢ changes it (EEE and ANS! standard&over the years
is @ problem. We have experience enginee ring swaff and informanon systems to

deal with this issue.

AECL should discuss the availabitity of all personnel identified in Section
6 of (he proposal, AECL should clarify the percentage of time the personnel
would be committed to other projects and the percentage of time commitled

{0 the subject contract,

All the names identified in the proposal shall be available o0 work on the NRC
task arders The plan is 10 wse the staff idenrified in the propasal as the resowce
pool from where the 5137 w ould be drawn Should unwsual circwnsiances arise,
AECL can also draw on its corporate-wide labor pool of over 4.500 highly

rained employees.

Based on « lead time of tvo or three weeks all the peaple nominated are expecied
to be @ .Jc-Jb/( to work on NRC wlz orders. The enached sheet AppmJ..x /

We wmdd nu to indicate that among ]

We do not anticipate any security or drug relaied problems based onow previows
association with nuclear unlities or other security conscious organitations.

-6
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AECL should provide details of its understanding of (he LS. regulatory
process or exhibit some familiarity with Regulatory Guides, Bulletins and
Generle Letters, The offecor needs to address its understanding of U.S,
Codes and Standards (e.g ASME and IEEE Standardd in Section 4 of (he

propasal.

AECL is faniliar with the NRC regulatory process. This it primarily based on
an in depth internal AECL project sndy which assessed the US NRC regulatory
process requirements inorder lo prepared Preliminary Standard Safety Analysis
Report (PSSAR) for the Nuclear Steam Supply System (NSSS) of
under the NRC licensing requirements. The key technical issues (differences)
were addressed in this snudy. One section of that report described the "formal

licensing process” of NRC,

11 is 1o be noted that there are a niunber of similariries betmeen the Regulatory
Processes in Canada and the US A. For example, both processes involve steps
leading to!

-~ @ site approval

- @ construcnon permil

an peraning licence
The scope of the technical review and inspection is similar Jor the twa Systems
Talks are presemily being held with NRC regarding licensing nlant to
NRC requirements, This has also provided AECL an oppartinity of learning
more about the NRC regulatory process.

AECL is familiar with the Regulatory Cuides and Bulleting. Same of these (e g
Regulaiory Guide 129 Seismic Design Classificanion) has been used routinely
in some of owr designs. For some areas, we have ow own Design Guides,
however, @ number of the esign Guides make reference to the NRC

Regulatory Guides. Most oft iii)i”e are familiar with and have wsed the NRC

Regulatory Guides in thei esign.

The AECL technical library maintains current versions of US NRC Regudatory
Guides and Buileting.

-7



design aspects which are not covered by the ASMERC ode and designed to the

Canadian(CSA) standards’

Another example of ow familiaritywith the US piping 5y siem analysis (including

seismic) it tha! ‘
' Their work was judped

onal and they made a significant contridition 10 the project

to be professi

AECL needs to further discuss its understanding of how the project
organizational structure interacts with the NRC team leader to effectively
complete a design Inspection, This is discussed on page 1 15 of the
proposal, and In Section L. 16 of the RFP.

Upon the award of @ task order, AECL will assign @ sigff member to the work
This representative will meet with the USNRC team leader to disiass scope of
work, objectives and schedule. The fiming of the initiating mecning will be
governed by the wiency of the work as difined by the team leader

AECL has idennfied Jarnail 8. Panesar as the overall project manager. Mr
Panesar will assist the NRC 1e¢hnical leader with the idenrficarion indselection
of a~ appropriate peeson from AECL'S resowree list

Inaccordance with the team leader directions AECL shall perform. the required
scope and report results to the unlity, ccnractor and'or USNRC in accordance
with the mandate provided at the initial interview.

by

Follow up inspections shall be performed as and when require and direcied by

i i

the USNRC team leader.

The AECL representative shall be responsible to and report 10 the USNRC ieam

"l‘A:A!e’.




16, E of the RFP regard

1 must be provided
VT

g Corrp fale

for complete

' shol ,1(..!"4;)

3 .'[ ;‘H,
Pt

QT R

5
*

W o
; Sl ."—v.'l,‘ A7

R

B
“.".““ N
~‘§>\ ¥ AP

ey b




RO

Aside from the reactor is lavgely similar 10
Presswized Water

In the area of decommissioning, AECL has already decorvnissioned two
major power reactors anc (s Just finishing decommissioning, @ third
prototype reactor. Based on this experience. AECL has developed a full

e do nat see any conflict of interest situation between owr licensing
application for review of the advanced reacior design and this desigh
review Jjob. We are swe that NRC would have others review that

- | . A
vd,"’li; anon







AECL is prepared 1o negotiate a ceiling fee for wask orders issued under this
contract,

In your Best und Final, please ¢xtend the time for acceptance of your
proposal through December 31, 1989,

The Best and Final offer prepared 1o be submined shall be valid for acceprance
by US NRC thraough 31 December 1989

m-12
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APPENDIX I: KEY PERSONNEL

|1 0 Manager/Co-ordinalot
J.S Paneswr

20 Mechanical System

<

m-13

% Of Time For

L NRC York .

33
33
33
33
23
25

-

28
33
33
33
33
33
33

A3
33
33
28
28
33
23
28
28
S0
LR
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25

28
50
40
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