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1 INTRODUCTION

11 Scope

This document has been prepared to assist the CanadisgaN8eafety Commission
(CNSC) or Commission members in their assessmeheadpplication from Atomic
Energy of Canada Limited (AECL) to renew the operaticgnices for the Multi-purpose
Applied Physics Lattice Experimental (MAPLE) Reactoendl 2 [1-1] and the New
Processing Facility (NPF) [1-2], collectively knownthe Dedicated Isotope Facilities
(DIF). This document has been compiled following consiten of the discussions that
took place at the CNSC Day One Public Hearing held in @t2007 June 22 and recent
discussions with CNSC staff. Furthermore, this docunmehides an update of key
developments at the DIF since the Day One Publicikigar

1.2 Purpose of this Submission

The principal purpose of this document is to provide inforonaith support of AECL'’s
application for a 47-month licence renewal period forRE and NPF operating
licences, with a proposed expiry date of 2011 October 31, em#esingle licence. This
will align MAPLE and NPF licence renewal periods withalk River Laboratories
(CRL) site licence period. Aligning the licence periodd aombining the licences will
facilitate inclusion of MAPLE and NPF facilities \wih the CRL site licence, Nuclear
Research and Test Establishment Operating Licence, NRTTE®O0/2011 [1-3],
following CRL site licence renewal in 2011 October.

The application for renewal has been made in accordaicepplicable Commission
Member Documents [1-4] and [1-5]. Reference [1-4] identdi@slelines for a licence
period up to five years or longer, and AECL’s view is thase guidelines have been
met, as supported by the information contained herein ancdpstyisubmitted for
consideration at the CNSC Day One Public Hearing [1-6].

1.3 Conclusion

AECL believes that its operations of DIF has and wititawe to make adequate
provisions for health, safety, security and the envirortinaed met Canada’s
international obligations. This submission meets AESGidmmitments for providing
supplemental information for the Day Two Public Heariogthermore this information
supports AECL'’s request for a 47-month licence.

6400-00521-LP-002 2007/09/04



UNRESTRICTED
6400-00521-LP-002 Page 2
Rev. 0

1.4 References

[1-1] “Non-Power Reactor Operating Licence- MAPLE 1 ariduzlear Reactors.”
Licence Number NPROL-62.00/2007, Expiry Date: 2007 November 30.

[1-2] *“Nuclear Substance Processing Facility Operatinghée — New Processing
Facility.” Licence Number NSPFOL-03.00/2007, Expiry Date: 200ve¥nber
30.

[1-3] “Nuclear Research and Test Establishment Operatocente, Chalk River
Laboratories”, Licence Number NRTEOL-01.00/2011, Expiry Dag4 1
October 31.

[1-4] “New Staff Approach to Recommending Licence Perip@¥ID 02-M12,
2002 March.

[1-5] “New Staff Approach to Recommending Licence Per{@igpplementary
Information)”, CMD 02-M12.A, 2002 March.
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2. INFORMATION REQUESTED AT DAY 1 HEARING

Itemized below are the topics that were raised by Cosiomsnembers at the CNSC
Day One Public Hearing held on 2007 June 22, where further fojiowas required or
where AECL indicated that further information would bevied at the Day Two Public
Hearing.

In the following sections these matters are groupede@aslbtopics as each one received
several questions as per the Day One Transcript.

21 Organization

The Commission members requested a high-level integoagadiization chart that
shows the link between the MDS Nordion Medical Isotopexcie (MMIR) Project and
DIF Operations and to show the reporting relationshigoality Assurance.

AECL is the owner of all nuclear facilities, includj DIF, at its Canadian sites. The
President and CEO of AECL is responsible for the oisrarties as defined in the
CAN/CSA N286.0 Standard. The President has assigned trensdsility and authority
for the Commercial Operations to the Senior Vice-Eeegi Chief Operating Officer
(COO0) and for Technology Development to the Senior Woesident, Chief Technology
Officer (CTO). The COO has further delegated respditgifnr the MMIR Project to
the Vice-President Projects and the CTO has furthegalsd responsibility for
operation of DIF to the Vice-President Nuclear Labanias and Chief Nuclear Officer.

The MMIR Project group is responsible for procurementiggegonstruction and
commissioning activities of the various systems in DOfice those systems have been
commissioned, they will be turned over to DIF Operation

DIF Operations has physical control of the plant andi@sesponsibility for the day-to-
day operation and maintenance of DIF. Also, DIF Opamnathas been delegated the
N286.0 Owner’s role for DIF. MMIR Project is a key paigant to DIF Operations;
therefore, DIF Operations must authorize any physatiey performed by MMIR
Project in DIF.

The integrated DIF Operations and MMIR Project orgaronati structure is shown in

Figure 1. The roles and responsibilities for the keytioos are presented in the sections
immediately after.

6400-00521-LP-002 2007/09/04
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211 Organizational Structure and Responsibilities

2111 DIF Operations Organizational Structure and Responsibilities
Vice-President Nuclear Laboratories and Chief Nuclefic&f

The Vice-President Nuclear Laboratories leads the Mutlaboratories Business Unit
and reports to the Senior Vice-President and CTO. Tobe-Riesident is responsible and
has authority for the overall management for the spé¥ation, maintenance and use of
the AECL licence-listed facilities including nuclear praxgs with all applicable codes,
standards, laws, regulations and licences. The mandtte Wice-President unit is to:

* Operate AECL’s nuclear sites and facilities safelgpomsibly, and cost-
effectively

* Maintain and advance the technology for AECL reaptoducts and services

* Manage decommissioning and waste management responsilaititisehalf of
AECL and the Government of Canada

* Manage the production and sales of isotopes

* Manage the transition in isotope production from NRURM® DIF

» Support the commercial application and development requitsnoé other
AECL business units (e.g., ACR, new products and services)

General Manager Reactor Operations

The General Manager Reactor Operations reports toitteeRrfesident Nuclear
Laboratories and Chief Nuclear Officer. The Generah®er Reactor Operations is
responsible for developing and implementing plans to addtesigegic business issues
such as the transfer of short-lived medical radiopetarget irradiation and processing
from NRU/MPF to DIF, future operation/refurbishment of BiIRMPF monitoring/safe
shutdown, and implementing and maintaining a sustainabfengtafrategy for the
facilities/isotope production stream. The General Man&nsures the implementation of
the company management systems, quality assurance prograhmsjclear programs in
a consistent manner across Reactor Operations.

Director DIF Operations

The Director DIF Operations reports to GM Reactor Qg within NLBU. The
Director DIF Operations is the Facility Authority fdre MAPLE 1 and MAPLE 2
reactors, per the MAPLE Reactors Operating License [ari] the Facility Authority for
NPF, per the NPF Operating Licence [2-2] and their rateyé documents.

6400-00521-LP-002 2007/09/04
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The Director DIF Operations is responsible for the ap@n, maintenance, safety and
licensing, technical support, and support services for the NEAR¢actors, MAPLE
lodine Production Facility (MIPF) and NPF. This includaswing the operational
readiness of the facilities and the managementef ikenses and associated
commitments. The Director is assigned the requisitieagity to carry out the duties
assigned with respect to the designated facilities anddpktations QA Program.

DIF Operations Line Managers

DIF Maintenance, Radiation Protection, and Work Managy#, Safety & Licensing,
Production, Training, and Support Services managers all reptn¢ Director DIF
Operations.

The DIF Facility Quality Representative (FQR) and thee@or of MMIR
Commissioning also report to the Director DIF Operatiomhe DIF FQR reports
administratively to the Director DIF Operations andchionally to the Manager DIF
Quality Assurance. The Director MMIR Commissioning reépalirectly to the Project
Director MMIR Project but reports to the DIF Facil®ythority for the maintenance of a
safe operating envelope and work environment, and for coorgjrtiie execution of the
commissioning activities by DIF Operations staff.

2112 MMIR Project Organizational Structure and Responsibilities
Vice-President Projects

The Vice-President Projects reports to the Senior-Riesident and COO. The Vice-
President Projects leads the Projects business urgt.uritis responsible for a number
of New-Build and Refurbishment/Retube projects, includingMMiR Project.

Director MMIR Project

The Director MMIR Project is responsible for all asfgeof the tasks undertaken by the
MMIR Project personnel. The Director has the ovdirsd management responsibility
and accountability for the effective implementatiorihef MMIR Project QA Program.
The Project Director reports to Vice-President Pisjec

Reporting to the Director MMIR Project

The Directors of Commissioning, Safety and Licensing,ift@eying and Procurement,
Production, and Special Projects Commercial and Cligatface all report to the
Director MMIR Project.

6400-00521-LP-002 2007/09/04
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The Manager QA/Senior Quality Representative (SQR)rtealministratively to the
Director, MMIR Project and functionally to the DirectGorporate Standards & CANDU
Products and Services QA.

2113 Organizational Structure and Role of Quality Assurance (QA)
Director Corporate Standards & CANDU Products and Sesvizg

The Director Corporate Standards & CANDU Products & Ses/AQA is responsible for
establishing corporate standards in terms of the sti@@gorate QA programs and
procedures as needed to support AECL'’s business objectiveshaadeamompliance
with regulatory requirements related to quality assurance

Manager DIF Quality Assurance

The Manager DIF Quality Assurance is the Senior QuBRlggresentative for DIF
Operations as well as for the MMIR Project. Asetiedbove, the Manager, DIF Quality
Assurance reports administratively to the MMIR Prof@itector and functionally to
Director, Corporate Standards & CANDU Products and Ses\@.

The Manager DIF Quality Assurance has the authority esjgonsibility to report
conditions adverse to quality, that are not resolvetimvthe line organization in a timely
manner to the Director, Corporate Standards & CANDabHBcts & Services QA and to
the Director, MMIR Project

Facility Quality Representative

The DIF FQR reports administratively to the Directolf- @perations and functionally
to the Manager, DIF Quality Assurance. The FQR is mesipte for preparing the DIF
Operations Quality Assurance Manual, DIF quality procedanes the DIF Audit
Program Plan. Also, the FQR accepts quality processkpracedures upon review for
conformance to the DIF Operations QA Program and appéicabmpany quality
procedures. Furthermore, the FQR monitors the implatientof the quality program
for compliance and effectiveness.

212 Operations Oversight

DIF Operations has, and exercises, the authority foyiog out and overseeing all
activities that take place within the facility, includiath project activities.

All fieldwork carried out in the facility is controlleby procedures developed to meet the
DIF Operations Quality Assurance manual, and approvavdok to proceed is

ultimately controlled by the Facility Authority. lheuld be noted that there is no
distinction within the facility between MMIR Projectonk and DIF Operations work.

6400-00521-LP-002 2007/09/04
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Both commissioning and construction activities follow EHE operations work
management procedure. The key elements of this procedutteaamvork is planned,
scheduled and approved by the Facility Manager prior to @zecut

In regards to design changes to the facilities, DIF Operastaff participate in the
design change process to ensure that design modifisatée into account both
operations and maintenance considerations. The Fakilityority is a required signatory
on all change requests (i.e. all change requests rawstdepted by the Facility
Authority).

2.2 Schedule

This section presents information regarding the projéetstones for completing the
activities required to bring the DIF to service, and furterifications with respect to
the schedule and licensing activities required to be cdewferior to obtaining
regulatory approvals, in response to questions from Conemissembers during the
2007 Day One Public Hearing.

221 Project Milestones

The overall logic chart showing the plan to bring EHE to service is provided in
Figure 2. This figure identifies the key milestones faheaf these facilities. These
milestones have been developed in accordance with GiSGacceptance criteria
documented in CNSC Commission Member Documents (CMDg@ss 2004 [2-3],
2005 [2-4], [2-5], and 2007 [2-6].

The objectives and licensing activities associated with &ay milestone for DIF have
been described in Section 4 of [2-7]. For each key roitestoperation of the facilities
requires approval of the Commission or a person auttbhy the Commission in
accordance with the current licences for the MAPLEt@a [2-1], NPF [2-2], and the
proposed draft licence for DIF [2-8] attached to [2-6ktdils on the types of regulatory
approvals required for each key milestone are presemt@gpendix A. For key
milestones which are to be completed during the nextde@eriod starting

2007 December 01, the types of approvals may change basesldectsion of the
Commission on the proposed operating licence for DIF.

Figure 3 shows the logic chart of the outstanding licgngrerequisites that AECL is
required to complete to obtain regulatory approvals assutwith the key milestones
for the MAPLE 1 reactor. Details on the deliverabled #thECL has produced or plans to
produce to address each licensing prerequisite were providgzgpemndix B of [2-7].

6400-00521-LP-002 2007/09/04
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During the 2007 Day One Public Hearing, clarifications weggiested with respect to
the plans and timing for the validation of the compubeles for the MAPLE reactors.
The CNSC CMD [2-6] includes the computer code validat®a dcensing prerequisite
with associated acceptance criteria for obtaining reguylatpproval to operate the
MAPLE 1 reactor above 8 MW and before declaring in-seraiceD MW. As AECL'’s
current strategy is to place the MAPLE 1 reactor in-seratc8 MW to produce
radioisotopes, AECL will complete work to address thisriging prerequisite as part of
the request for approval to declare the MAPLE 1 reactseimice at 8 MW (see box
“Computer Code Validation” in Figure 3). To address the commatee validation
acceptance criteria, AECL will submit the following:

» Assessment of Code Validation Results from MAPLE 1 @assioning up to 8
MW and Impact on Final Safety Analysis Report (FSARhis assessment
document will compare the measured parameters to thpeatdge value
assumed in the FSAR, and assess the impact of ditfese

» Validation Manual (after the code validation exerciggstie MAPLE 1 Phase C
commissioning tests at 8 MW are completed). The Vadiddtlanual will
summarize the results provided in a series of ValideReports. A number of
Validation Reports have already been generated and suthtoit@ENSC staff.
The remaining Validation Reports will be generated @atecvalidation-related
commissioning tests conducted prior to the request to pl&deL& 1 in-service
at 8 MW.

To support the updates to the safety analysis aftervuicega number of validation-
related tests are planned to be performed after an extpaded of operation at 8 MW.
The associated reports will be produced after declarin@MAL in-service at 8 MW.

During the 2007 Day One Public Hearing clarifications wése eequested with respect
to the timing of the work performed by external organizatguth as Idaho National
Laboratory (INL), U.S.A., Brookhaven National Labangt (BNL), U.S.A., and INVAP,
Argentina, in support of addressing the positive Power @uefti of Reactivity (PCR)
issue. Resolution of this issue is required prior toioiotg. approval to declare the
MAPLE 1 reactor in-service.

The INL, BNL, and INVAP work is performed during various stagéoperation of the
MAPLE 1 reactor prior to in-service. The BNL and INVA&views were completed
prior to obtaining regulatory approval to re-measure the &CGRVW during Series 300
tests. The INL analyses are completed, as requoguapt/ide independent results to
support AECL’s planning for each stage of operation of tA¢°’NE 1 reactor. The final
INL analyses will be completed prior to placing the MAPLIEeactor in-service (see box
“PCR Issue (INL)” in Figure 3). Details with respeatthe progress made and status of
the work have been provided in Appendix B of [2-6] and furtkeification is provided

in Section 2.3 of this document.
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MIPF MAPLE 1 NPF MAPLE 2
2 kw 2kw @
Exit from GSS and operate Exit from GSS and operate
MAPLE 1 up to 2 kW MAPLE 2 up to 2 kW
A
5 MW
Operate MAPLE 1 to perform PCR I
Test series
500 kW
Operate MAPLE 2 up to 500 kW
A
5 MW
Nuclear Commissioning MAPLE 1 available to iradiate Active Commissioning
s targets for NPF Active L
MIPF available for Nuclear L Commissioning and irradiate ' Ng NPF available for Active
Commissioning xenon gas for MIPF Nuclear Commissioning
Commissioning
A
8 Mw @
Operate MAPLE 1 to confirm PCR 8 MW
up to 8 MW Operate MAPLE 2 up to 8 MW
A

8 MW

MAPLE 1 available to irradiate
o targets for NPF Active

h Commissioning and irradiate

xenon gas for MIPF Nuclear
Commissioning & In-Service

A A

A

In-Service at 8 MW In-Service at 8 MW @
MAPLE 1 available for In-Service =~ ——» MAPLE 2 available for In-Service
at 8 MW to produce isotopes NPF available for In-Service at 8 MW to produce isotopes

A
In-Service

In-Service

MIPF available for In-Service

A

A

Above 8 MW Above 8 MW
Operate MAPLE 1 to complete Operate MAPLE 2 to complete
commissioning

commissioning

A

A

In-Service above 8 MW In-Service above 8 MW
MAPLE 1 available for In-Service MAPLE 2 available for In-Service
above 8 MW to produce isotopes above 8 MW to produce isotopes

Notes:

(1) The design changes to address the PCR issue will be implemented prior to operating the MAPLE 1 reactor up to 8 MW to
perform confirmatory tests

(2) The commissioning of the MAPLE 2 reactor will resume after a resolution to the PCR issue will be implemented in the

MAPLE 1 reactor.
(3) Operation of the MAPLE 2 reactor will be as a backup of the MAPLE 1 reactor.

Figure2: Project Milestones
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PCR Issue PCR Issue PCR Issue
(PCR Test Plan) @ (PCR Test Plan) (INL)
PCR Issue PCR Issue PCR Issue
(Safety Cases) @ (Safety Case) (Safety Case)

2 kw @ :
RS —— 5 MW 8 MW () In-Service at 8 MW
operate MAPLE 1 Operate MAPLE 1 to Operate MAPLE 1 to MAPLE 1 available to

P up to 2 kW perform PCR tests confirm PCR produce isotopes
Commissioning
Demonstration of
Design Intent
Computer Code
Validation
Operational Operational Safety System 1
Readiness @ Readiness Low Power CCA ®
High Power CCA
Baseline and
Residual
Regulatory
Activities
Notes:

(1) Completed

(2) Incremental during the PCR testing (currently in preparation for the 400 Series PCR tests).

(3) The licensing prerequisites are the same for obtaining approvals for interim operation of the MAPLE 1 reactor at 5 MW and 8 MW
(4) CCA is Commissioning Completion Assurance

Figure 3: Logic Chart of Outstanding Licensing Prerequisitesfor the MAPLE 1 Reactor
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222 Schedule Comparison and Path Forward

To address a Commission request during the 2007 Day One PuatiagieopieSof
the schedules presented at the 2005 Day Two Public Hearish@sa in Figure 4 for
the MAPLE 1 reactor and in Figure 5 for NPF, respectivalgese were noted in
References [2-9] and [2-10] as being “work schedules” whoctained significant
uncertainties associated with the positive PCR andvtk to be performed beyond the
PCR testing up to 5 MW in the MAPLE 1 reactor. The 2008dales presented an in-
service date of 2007 October for the MAPLE 1 reactor and. NR 2006 February, the
entire project was redefined when AECL assumed owner$lidjpfFo The schedule was
reviewed and revised and the target in-service date moved to 200820 This
rendered the 2005 schedule after 2006 February no longer &pplias reflected by the
light yellow activities in Figure 4 for the MAPLE 1 réacand similarly in Figure 5 for
the NPF. CNSC staff was kept apprised of this change anddimmission was
informed at the mid-term update in 2006 December.

The progress made from 2006 February to date is shown in FEidarehe MAPLE 1
reactor, along with activities planned for the comingithe. The path forward for the
next several months is to complete the Series 400A1@04-1 PCR tests in the MAPLE
1 reactor and to continue, in parallel, the design and ¢ssioning activities required for
the start of NPF Active Commissioning. The scheduld\feF is dependent on the
MAPLE 1 schedule as the start of Active Commissioninyft (i.e., commissioning
with irradiated targets) relies on irradiation ofdbeargets in the MAPLE 1 reactor. The
schedules for MIPF and the MAPLE 2 reactor are also dipeion the MAPLE 1
schedule.

It is expected that the outcome of the Series 400A and-40PER tests will help to
determine a design solution to resolve the PCR issuetetieatly completed Series 300
tests show that phenomena associated with the HIgetsacontribute to the positive
PCR, but are not the sole contributors. The Series 4&&Avill demonstrate the effect
of moderator water heating, and the Series 400A-1 te$tdamonstrate the effect of
modified LEU driver fuel on the positive PCR. The itggsiogic is discussed in more
detail in Section 2.3.

1 These are marked-up copies of the 2005 schedules shivingdefinition of the project in

2006 February.
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The details of the path forward after these testsechapge either somewhat or
significantly as more data and analysis related to B&Rme available from the tests
performed at 5 MW. The overall strategy following #héssts remains, however,
unchanged from the strategy presented during Day One Pidditng. After additional
data have been analyzed and progress has been maddetetimination of the cause of
the PCR, the project schedule to completion will vesezl to reflect the path forward
beyond 5 MW.

In light of the fact that any schedule for activitpst the upcoming PCR tests has
inherently large uncertainties, AECL proposes to ptesempdate at a public meeting of
the Commission after the Series 400A and 400A-1 testoanpleted and we have a
clearer picture of how the PCR issue will be resoly¥edhat time, we would describe
the outcome of the PCR tests, provide an updated planofopletion of the project, and
provide an updated schedule.

In the interim, AECL will continue to keep CNSC staffprised of progress and our
more detailed working schedule forecasts. This willifate CNSC staff resource
planning and provide advance notice of requests for approigalres 7 and 8 are
examples of the types of detailed work schedules tegprawvided to CNSC staff. The
schedule, as shown in Figure 7 for the MAPLE 1 reactdicates the dates at which
requests for approval will be submitted to CNSC stafd, intypically assumes one
month for CNSC staff review and comment, comment dispasand approval. Based
on discussions with CNSC staff, this is consistenh WWINSC staff expectations for these
types of approvals.
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2005
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Figure6: MAPLE 1 Progressand Short Term Plan
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2.3 Power Coefficient of Reactivity (PCR)

This section presents an update on the PCR issue staatg@yrrent status of the
testing, as requested during the 2007 Day One Public Hearing.

231 PCR Strategy and Resolution Program

The MAPLE reactors were designed to have a negati¥® Pibe PCR represents the
integrated effect of a change in power on the temperatno density induced changes in
reactivity associated with the fuel, coolant, moderatftector, and structural
components. The expected PCR value, based on the MAPRBESafety Analysis
Report (FSAR), was -0.12 mk/MW = 0.02 mk/MW. In 2003 June, duriras@IC
commissioning of the MAPLE 1 reactor, the PCR value meaasured to be about 0.28 +
0.12 mk/MW.

On 2003 July 16, AECL presented to the Commission the pladdress the positive
PCR issue. A revised plan was developed and submitted $CGhff for information
in 2004 October. This plan was developed in conjunction avighvised strategy for
resuming the nuclear commissioning of the MAPLE 1 reactdrntas based on a
comprehensive approach to:

» Understand the discrepancy between the PCR value ufeoe the
measurements and that predicted

* Re-measure the PCR and confirm the original PCR measatem
* ldentify possible cause(s) of the positive PCR
* Find ways to remedy and/or mitigate the positive PCR

» Commit to the implementation of a long-term mitigatgirategy or specific
change if required

This revised strategy was communicated to the Commissiomgdilneé public hearings
for the MAPLE reactors licence renewal in 2005. Tlanpb address the positive PCR
issue as communicated to the Commission in 2005 is pessenfppendix B. The
overall strategy has remained unchanged since 2005, hgwewes of the details have
been revised as more information has been acquired.

The overall plan for resolution of the positive PGRue is presented in Figure 9. As
shown at the top of the main flowchart, the investarainto the positive PCR issue has
been carried out in parallel to:

1. Review the measurements and analyses
2. Review the PCR predictions
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The first step of 1 was to recheck the PCR measursmaanatdata; the correctness of
their acquisition, processing, analyses, etc. Thisdeas internally by AECL and
externally by independent contractors, Brookhaven Natioaabtatory (BNL) in the
U.S.A. and INVAP in Argentina. In addition, CNSC $tadntracted Prof. A.l. Hawari of
North Carolina State University in the U.S.A. forindependent review. These reviews
concluded that all measurements and data analyses werealoectly.

The first step of 2 was to recheck the PCR analys&sCL staff verified their
predictions and performed new predictions using different physides, different
nuclear libraries and introducing several modificatiam$ @nhancements to the existing
physics and thermal hydraulics models. The new resuttfrmed the original
predictions, i.e., predictions of a negative PCR. AEGhtracted with Idaho National
Laboratory (INL) in the U.S.A. to perform fully indepstent PCR calculations. INL
predictions also produced similar negative PCR values tinfsiming AECL'’s

prediction methods. From these analyses it was ededlthat unmodelled phenomena
must be causing the positive PCR.

To identify the potential sources of the positive PCResH reviews were performed:

* A Phenomena Identification and Ranking Table (PIRT) stualy eone to
identify the leading potential contributors to a positA@R

* BNL and INVAP were contracted to perform independent vevief the likely
phenomena and to provide recommendations for follow upttestnfirm the
phenomena

The PIRT study and the independent reviews by BNL and IN&Rtified the
following most likely contributors to a positive PCR:

» Thermal bowing of target and driver fuel elements
* Bowing of driver fuel elements by constrained axial exjpans

» Void production in the core moderator, external to the tiebes, by boiling,
radiolysis and/or deaeration

AECL also conducted an Options study to identify potesti&itions to mitigate or
remedy the effects of the previously identified contlosito the positive PCR.
Recommendations from the independent reviews and andlyddid, BNL and INVAP
supported the results from the Options study.

For the three most likely contributors to the positA@R, AECL defined a program of
analytical work, out of reactor testing, design rerae@nd in-reactor testing to identify
and mitigate the causes of the positive PCR. INL has bestracted to provide
independent analyses to support the AECL analyses.
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Along with the analytical work, out-reactor tests haeen carried out in parallel to
validate the analysis methods. For example, targetrgpanalyses by the ANSYS code
have been supported by out-reactor tests at CRL. Alabate flow tests in the Full
Scale Hydraulic Test Rig (FSHTR) and the Two-Channel Res(TCTR) at Sheridan
Park have provided validation data for the FLUENT code sitiaris.

As shown in Figure 9, a PCR Test Plan has been defioedtfre results of all of the
preceding work. The PCR Test Plan also includes recowtaiens from INL, BNL and
INVAP. Each test series in the PCR Test Plan kas Isupported by specific safety
analyses and test procedures.

The closure of the positive PCR issue will be achievednithe PCR tests with
implemented design remedies produce an acceptable PGR val

AECL notes that CNSC staff review and approve the pedoce of each test series.

232 Logic of the PCR Testing
The logic for the PCR Test Plan, shown in Figure 16aged on the following:

* Series 100 Tests: Re-measure the PCR at reactor po@&@&\af and calibrate
reactor thermal power at 3 MW

» Series 200 Tests: Re-measure the PCR at reactor potwé\df, with and
without covers on the irradiation sites to determireedontribution to positive
PCR from stagnant water in the reflector tank irraolresites, and calibrate
reactor thermal power at 5 MW

» Series 300 Tests: Measure the PCR for a Low Enrichedilwmna(LEU) core,
without Highly Enriched Uranium (HEU) targets, at reagower of 5 MW to
determine the contribution to positive PCR from HEd&ss

» Series 400A Tests: Measure the PCR for LEU core, withiEU targets, and
with modified flow tubes for an upward moderator watewfl at reactor power of
5 MW to determine the contribution to positive PCR fronderator water
heating. The PCR is to be determined by the tests

» Series 400A-1 Tests: Measure the PCR value after ragléoe LEU driver fuel
bundles with modified LEU driver fuel bundles to prevkimding of the LEU
fuel pins in the top plate, for an LEU core, withoutWtargets, and with
modified flow tubes for an upward moderator flow, at &t@apower of 5 MW,
to determine the contribution to positive PCR from bigdihe LEU driver fuel
pins in the driver fuel bundle top plate. The PCR isdaletermined by the tests
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» Series 400B Tests: Measure the PCR for start-up coreHHith targets restrained
in a modified target cluster holder and with modifiexhfitubes for an upward
moderator water flow, at reactor power of 5 MW to canfine PCR value for
isotop production configuration. The PCR is to be deteminmyethe tests

» Series 500 Tests: Measure the PCR up to 8 MW with desigigetdased on the
outcome of the Series 400 Tests

The decision points during the overall PCR testing laoeva in Figure 10. Whether or
not each of these test series will be conducted walédd, in part, on the PCR measured
in the previous test series.

The decision to complete the commissioning of the MARLEactor up to 10 MW will
be dependent on the final outcome of the PCR Test Plem&MW.

233 Status of PCR Testing

During the first half of 2007, the PCR was measured setreras in the MAPLE 1
reactor in the Series 100 and 200 tests. The objectivas tdsts were:

» to verify that the value had not changed from thert@ssurements in 2003

» to verify that the current value of the PCR was withia safety case

» to reduce the uncertainty on the PCR

* to provide a definitive baseline value as the reference agelmsh the efficacy
of various core modifications could be judged

The PCR was measured as 0.28 mk/MW03 and essentially constant from 1 to 5 MW
within these uncertainty bounds. This measurement isstenswith the value
previously measured.

The first core modification test, i.e., removing alEll targets and replacing them with
LEU fuel bundles, was executed on 2007 August 24 as part &dhes 300 tests. The
test was completed safely.

The purpose of this Series 300 test was to determine tiebedion to the positive PCR
from the HEU target sites. The preliminary value ef BCR for this core is 0.18
mk/MW, a reduction of almost 30% to the value measurédeirseries 100 and 200
tests. The actual contribution from the HEU targets ot yet been quantified and will
be resolved through future planned tests and analysis.
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This result supports the hypothesis of a contribution ffeerHEU target sites. It thus
contributes to understanding the positive PCR (target lgogan affect the PCR) as well
as demonstrating that this core loading, which is theslbastwo of the tests planned to
follow, has a much higher margin than that assumeélkirsafety case (i.e., PCR value of
0.402 mk/MW).

Visualization tests in the Two-channel test Rig dr@lRSHTR have confirmed the
potential for reduced moderator flow between the corelandeflector tank wall. This
could lead to increased moderator water heating, whiclph&aomenon postulated to
contribute to a positive PCR. The next planned te=tig¢S 400A), which removes flow
circulation patterns in this area and causes the waftw upwards uniformly, will
demonstrate the contribution to the positive PCR frioenpiostulated phenomenon and
indicate whether this modification is an appropriateagyn
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Figure 9: Positive PCR Resolution Program
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3. UPDATE ON ACTIVITIESSINCE DAY 1

31 MAPLE 1

As detailed in the preceding section, the most recentggs in the MAPLE 1 reactor
involved replacing the High Enriched Uranium targets eNMAPLE 1 core with Low
Enriched Uranium fuel. This replacement was done tavaksting to determine the
contribution that the High Enriched Uranium targets ntakidne positive PCR. (i.e.,
Series 300 tests). Following these changes, a seriestsfwere run to confirm the
characteristics of the modified core, e.g. reactiwitrth of Shut-off Rods & Control
Absorber rods. These tests were successfully condplete

Further tests were executed to measure the flow distibirt the new core in
preparation for operating the core up to 5 MW for the P@8surement.

Finally, a test was performed to measure the PCR upA@/5The results are discussed
in more detail in Section 2.3.3.

3.2 MAPLE 2

The MAPLE 2 reactor has been placed in the Alternatar&teed Shutdown State
configuration. In the Alternate Guaranteed Shutdown Stateaeactor core is fully de-
fuelled and the transfer key is placed under the admitig&reontrol of the Facility
Authority.

3.3 New Processing Facility (NPF)

Field modifications and commissioning work have been pesgrg steadily within NPF.
Most of the work within the facility has focused on upddtesome of the support
systems, e.g. modifications to the Closed Loop CoolingeBysProcess Water System,
and Compressed Air System. This work has focussed orvirggrand replacing piping
and the associated valves. This work is a pre-curdbetwork that is planned for later
in the current licence period and during the early patt@hext licensing period, e.g.,
refitting of the Calcination and Cementation Systems.

With regards to the Calcination and Cementation Systeuagification tests of the new
designs are currently underway. Following successfupéetran of these tests, approval
will be requested from the CNSC staff to begin installand commissioning of these
systems in NPF.
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34 Update on the Improvement Action (ImpAct) Process

The ImpAct process within DIF was described in the infation provided at the Day
One Public Hearing, and so is not repeated in this docunktowever, a brief update on
the ImpAct process is provided. From 2007 January 01 to 2007 Augustd8| of 692
ImpAct reports have been raised. Over 72% of these la@rel 4 (low level) events,
26% were Level 3, 2% were Level 2, and there were nollleseents (Level 1 is the
most safety significant, Level 4 the least).

Following the implementation of the ImpAct processhmtDIF, AECL staff carried out

a self-assessment of the process. The self-assgssa performed in March 2007.

The results of the self-assessment highlighted 6 aressed of improvement. These key
areas of improvement are: the transition to the Inighacess, the use of ImpAct reports
to accompany work requests with respect to work on prolémsj documentation,
training, accountability and timeliness of processing Impapbrts, and the software
that supports the ImpAct process.

CNSC staff performed a Type 1 Inspection of the DI@ussioning Quality Assurance
Program in 2007 April. The audit, documented in CNSC repgartber MSD-AECL-
DIF-2007-T9320-T1, consisted of the following eight inspecti@meints:

* 2003 Commissioning Inspection Directive and Action Notice
* Follow-up and Closure

» Design Change Control

» Commissioning Procedures

» Commissioning Reports

* Commissioning Completion Assurance

* Turnover from Commissioning to Operations

* ImpAct

As a result of the audit, specifically with respectit® Improvement Action (ImpAct)
Process, the CNSC staff stated that “The inspectem teas encouraged by the
introduction of the ImpAct process with the objectisecapture a wider net of
deficiencies, including low-level pre-cursors” howeveNST staff did note a number of
areas with the ImpAct process where improvement waded.

There were no directives issued as a result of theCCN$e 1 Inspection, however five
action notices and one recommendation were issued @Ak address deficiencies
noted in the audit conclusions.

AECL has prepared an action plan to address the CNSi@dmdnd is currently
executing the plan and implementing actions.
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35 Safe Working Environment

Operations within the MAPLE 1 and MAPLE 2 reactors, amhmissioning work within
NPF, have continued to be executed safely since thédnayPublic Hearing. There
have been no lost time accidents and no Event FrgdBsets within DIF. Reporting
culture remains a key focus within DIF Operations, witard220 ImpActs having been
raised since the Day One Public Hearing, of which 150 werelde(lowest significance
level) and 60 were Level 3.
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4. CONCLUSION

This CMD has provided additional information to support AECapplication for a 47-
month renewal of the MAPLE and NPF licences, wigr@posed expiry date of October
31, 2011. AECL has also proposed that the licences be gethinito a single operating
licence.

The CMD includes information requested at the Day One PHielgzing as well as an
update on progress since the Day One Public Hearing.

With respect to the DIF facilities, AECL has and wiintinue to provide adequate
provision for health, safety, security and the environgreemd Canada’s international
obligations. AECL believes that the information préed supports the application for a
47-month licence renewal. AECL notes and accepts tipoped CNSC staff approval
points for the PCR tests, as well as the proposeddeceonditions requiring CNSC staff
and Commission approvals as described in Sections 10 artlid ariaft licence in

CNSC staff CMD 07-H16.
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Appendix A
Types of CNSC Approvals Required for DIF Key Milestones
Facility Key Milestones Planned AECL
Milestone Objectives Types of CNSC Approvals Required Activitiesto Address
the Milestone
MAPLE1 | 2kW Exit from Guaranteed Shutdown State (GSS) and | «  CNSC staff approval required to exit GSS and operate up t | Completed
operate MAPLE 1 up to 2 kW 2 kw
5 MW Operate MAPLE 1 to perform the PCR Test series| «  CNSC staff approvals required to install modifications See Section 4.1.1 of [A
¢ CNSC staff approval required for the Revision 3 of§héW 2]
PCR Test Plan (based on current MAPLE operating licence
e CNSC staff approvals required to perform each serigseof
PCR testing
¢« Commission approvals required for changes to documents liste
in Appendix B of the proposed DIF Operating Licence resulted
from design changes required to install for performing PCR
testing [A-1]
5 MW MAPLE 1 available to irradiate targets for NPF *  CNSC staff approval required to operate MAPLE 1 talite | See Section 4.1.1 of [A
Active Commissioning and irradiate xenon gas for targets for NPF Active Commissioning 2]
MIPF Nuclear Commissioning +  CNSC staff approval required to operate MAPLE 1 taliete
xenon gas for MIPF Nuclear Commissioning
¢« Commission approvals required for changes to documents liste
in Appendix B of the proposed DIF Operating Licence [A-1]
8 MW Operate MAPLE 1 to confirm the PCR up to 8 MW| «  CNSC staff approvals required to install modifications See Section 4.2.1 of [A
«  CNSC staff approvals required to perform the PCR testing | 2]
8 MW
¢« Commission approvals required for changes to documents liste
in Appendix B of the proposed DIF Operating Licence [A-1]
8 MW MAPLE 1 available to irradiate targets for NPF +  CNSC staff approval required to operate MAPLE 1 talite | See Section 4.2.1 of [A
Active Commissioning and irradiate xenon gas for targets for NPF Active Commissioning 2]
MIPF Nuclear Commissioning and In-Service «  CNSC staff approval required to operate MAPLE 1 taiae
Operation xenon gas for MIPF Nuclear Commissioning and In-Service
¢ Commission approvals required for changes to documents liste
in Appendix B of the proposed DIF Operating Licence [A-1]
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Facility Key Milestones Planned AECL
Milestone Objectives Types of CNSC Approvals Required Activitiesto Address
the Milestone
In-Service at MAPLE 1 available for In-Service at 8 MW +  Commission approval required in accordance with L.C. 1f0.3 &ee Section 4.2.1 of [A
8 MW the proposed DIF Operating Licence [A-1] 2]
¢« Commission approval required for changes to documents listed
in Appendix B of the proposed DIF Operating Licence [A-1]
Above 8 MW Operate MAPLE 1 for the first time above 8 MW | «  Commission approval required in accordance with L.C. 10.2 &ee Section 4.2.1 of [A
complete the commissioning of the proposed DIF Operating Licence [A-1] 2]
¢« Commission approval required for changes to documents listed
in Appendix B of the proposed DIF Operating Licence [A-1]
In-Service MAPLE 1 available for In-Service above 8 MW +  Commission approval required in accordance with L.C. 10.3 &ee Section 4.2.1 of [A
above 8 MW the proposed DIF Operating Licence [A-1] 2]
¢« Commission approval required for changes to documents listed
in Appendix B of the proposed DIF Operating Licence [A-1]
MIPF Nuclear MIPF available for Nuclear Commissioning *  Approval by Commission or person authorized by the See Section 4.1.2 of [A
Commissioning Commission required to introduce xenon gas into MIPF in | 2]
accordance with L.C. 11.1 of the proposed DIF Operating
Licence [A-1]
¢« Commission approval required for changes to documents listed
in Appendix B of the proposed DIF Operating Licence [A-1]
In-Service MIPF available for In-Service +  Commission approval required for changes to documents list&be Section 4.2.2 of [A
in Appendix B of the proposed the proposed DIF Operating| 2]
Licence [A-1]
MAPLE 2 | 2kW Restart MAPLE 2 and resume commissioning up toe  Approval by Commission or person authorized by the See Section 4.2.3 of [A
2 kw Commission required in accordance with L.C. 11.2 of the | 2]
proposed DIF Operating Licence [A-1]
¢« Commission approval required for changes to documents listed
in Appendix B of the proposed the proposed DIF Operating
Licence [A-1]
500 kW Operate MAPLE 2 above 2 kW and up to 500 kW | «  Commission approval required in accordance with L.C. 10.2 lI§ee Section 4.2.3 of [A

of proposed the proposed DIF Operating Licence [A-1]
Commission approval required for changes to documents lis
in Appendix B of proposed the proposed DIF Operating Lice

[A-1]

2]
ted
nce
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Facility Key Milestones Planned AECL
Milestone Objectives Types of CNSC Approvals Required Activitiesto Address
the Milestone
8 MW Operate MAPLE 2 above 500 kW and up to 8 MW| «  Commission approval required in accordance with L.C. 10.2 §ee Section 4.2.3 of [A
of proposed the proposed DIF Operating Licence [A-1] 2]
¢« Commission approval required for changes to documents listed
in Appendix B of proposed the proposed DIF Operating Licence
[A-1]
In-Service at MAPLE 2 available for In-Service at 8 MW +  Commission approval required in accordance with L.C. 10.3 &ee Section 4.2.3 of [A
8 MW the proposed DIF Operating Licence [A-1] 2]
¢« Commission approval required for changes to documents listed
in Appendix B of the proposed DIF Operating Licence [A-1]
Above 8 MW Operate MAPLE 2 above 8 MW «  Commission approval required in accordance with L.C. 10.2 @ee Section 4.2.3 of [A
of the proposed DIF Operating Licence [A-1] 2]
¢« Commission approval required for changes to documents listed
in Appendix B of the proposed DIF Operating Licence [A-1]
In-Service MAPLE 2 available for In-Service above 8 MW +  Commission approval required in accordance with L.C. 10.3 &ee Section 4.2.3 of [A
above 8 MW the proposed DIF Operating Licence [A-1] 2]
¢« Commission approval required for changes to documents listed
in Appendix B of the proposed DIF Operating Licence [A-1]
NPF Active NPF available for Active Commissioning *  Approval by Commission or person authorized by the See Section 4.1.3 of [A

Commissioning

Commission to start Active Commissioning in accordanite w
L.C. 10.4 a) of the proposed DIF Operating Licence [A-1]
Commission approval required for changes to documents lis
in Appendix B of the proposed DIF Operating Licence [A-1]

2]

ted

In-Service

NPF available for In-Service

Approval by Commission or person authorized by Commiss
required in accordance with L.C. 10.4 b) of the proposed DI
Operating Licence [A-1]

Commission approval required for changes to documents lig

oBee Section 4.2.4 of [A
:2]

ted

in Appendix B of the proposed DIF Operating Licence [A-1]

[A-1] Dedicated Isotope Facilities — MAPLE 1 and MAPLE ddiear Reactors, New Processing Facility, Licence Numbe
NPROL-62.00/2011, Expiry Date: 2011 October(Bfoposed Licence, Draft included in CM D 07-H16).

[A-2] Renewal (2007) of the Dedicated Isotope FacilitMAPLE 1 & 2 Reactors and the New Processing Facility)réiey
Licences - Information Presented for the Day One CIR8blic Hearing (2007 June 22), 6400-00521-LP-001, Revision 0O,

2007 May.
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Appendix B
Plan to Addressthe Positive PCR |ssue Communicated to the Commission in 2005

(Excerpt from “Supplemental Information in Support of lnce Renewal for the MAPLE
Reactors”, Public Hearing Day Two, Submitted by AECL on 200 lar)

B.1 Plan to Addressthe Positive PCR

AECL has developed a multi-faceted plan to demonstrateathpractical options of design and
operation have been considered to remedy the positive FGR plan includes the following
steps:

Phase 1:

1.

As part of the investigation of the discrepancy betwtbe measured and predicted values of
the PCR, a PIRT study has been performed and submitted @NSC [B-1]. This is a
systematic formal review of all phenomena that couldsea positive PCR and a ranking in
order of importance. The output is a ranked list afipible phenomena that could cause the
positive PCR, and this output is being used as input inttesimg and selection of practical
design and operation changes to remedy the positive HGR PIRT study concluded that
the deviation from the expected result was most lidely to one or more unmodelled
phenomena.

A follow-up PCR Options study was issued and submittecet€NSC, identifying the list
of physically feasible (but not necessarily practicatjars for mitigating the positive PCR.

In parallel with the work performed by the PCR taskitea AECL, INL has been contracted
by AECL to perform independent calculations to prethietPCR using independent data
models and code calculations.

AECL has also contracted BNL to perform an indepencdesmtw of AECL’s work on the
PCR.

Phase 2:

As indicated in [B-1], Phase 2 of the options study reiline the options, based on the
information gathered during Phase 1. The work will inedlve following:

1.

2.

Re-measuring the PCR at high power in the MAPLE lteeaod completing other PCR
tests.

Defining and committing to implement a mitigation stgator specific change, if a practical
one (technically and economically feasible) existse fidsults of these investigations will be
documented and submitted to the CNSC.

Implementing the measures defined in the step aboesatve the positive PCR.
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B.1.1 Reference

[B-1] CMD 05-H20.1, Information in Support of Licence Renetwalthe MAPLE
Reactors, 2005 July 15.
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