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7 : ch + X D. Hink. Phesident' l,

'y TAECL Technologies, Inc.
'

'9210 Corporate Boulevard ;

- Suite 410 ~. .

1

Rockville, Maryland 20850'

,,
,

h ' Dear Mr. Hink:

SUBJECT: RESULTS OF' THE ACCEPTANCE REVIEW FOR AECL TECHNOLOGIES' APPLICATION-
''

:;
FOR FINAL DESIGN APPROVAL AND DESIGN CERTIFICATION FOR THE CANDU 3U: :

.
DESIGN ;

, 9

In a letter dated September 30, 1994, AECL Technologies-(AECLT)' submitted its i

application for final design approval (FDA)'and standard design certification , t

(DC) ~ under Part 52 of Title-10 of the Code of Federal Reaulations (10 CFR) for.- |
- the CANDU 3U design. The contents of the application were provided in the q

form of a CANDU 3U Safety Analysis Report (SAR) consistent with the format'in i
Regulatory Guide 1.70 and the Standard Review Plan. The application-letter i
acknowledged that certain information required by 10 CFR 52.47 was missing- ;,

from the application. The missing information was identified as:the: 1
-

'Oinspections, tests,' analyses, and acceptance criteria (ITAAC), technical
specifications, severe accident mitigative design alternatives (SAMDA), and ci
the failure modes and effects analyses (FMEA). It should also be noted that -!

Ithe required Level II and Level III probabilistic risk assessments (PRAs) and
design acceptance criteria (DAC), if any, were not included as part of,the

.'

CANDU 3U application.

In accordance with 10 CFR 2.101, the staff performed an acceptance review to .
.

determine if the CANDU 3U was sufficiently complete to enable the staff to .|
carry out the design certification review. The' staff has determined that a~ :-

significant amount of information is either missing, or in a form which would' |
cause the staff to expend a great deal more resources to complete the DC L

review than previously anticipated. . The' staff has previously indicated it -

- could proceed with the review in the absence of certain'information: ITAAC,
technical specifications, and SAMDA. This position was based on the staff's
experience that the areas in question would not require a detailed review
early in the review process. However, a schedule for submittal of these and
other missing items is needed. Submittal of these items will influence the
schedule by which the CANDU 3U review is carried out. Early submittal of all J
information is necessary to assure that staff can develop and maintain an- 9
effective review schedule. In that regard, the staff understands that it is
your intention to submit a PRA, completed through Level III, in about a year. :
Furthermore, it should be noted that it is the staff's intent to keep the 1
number of DAC to a minimum. .
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'NRC also. requires a clear. Identification in the SAR that CANDU 3U meets.the.
. applicable-U.S. codes.and. standards, and the NRC's General Design Criteria. '

, ' '. .c '(GDC) n While the SAR indicates that many of the Canadian:(CSA) codes and
T ' standards cited are equivalent to the existing U.S.. codes'and standards' the? -

< ,

A equivalence is not explained in sufficient detail to-demonstrate'that the'CSA i
codes and standards do'indeed meet our' requirements. Where Canadian standards.,

.

are necessary because there are no U.S. standards'or acceptance criteria,|an,
'' 'E equivalent level:of safety analysis to the GDC should be provided. ;

,

,

Enclosure'1 provides'further details related to information needed by the- .

staff to continue the review of the.CANDU 3U. design. Please be aware that the
enclosure does not represent a comprehensive list of deficiencies; it. is
limited to.those found during the limited acceptance review. Other issues |
will be identified to AECLT through requests for additional information during :
the review.

|6
The staff has assigned Docket number STN-52-005 to the CANDU 3U application-to )
facilitate public access to correspondence and review information... A copy of- 2

the Federal Reaister notice is enclosed (Enclosure 2) for your information. ;

AECLT should reference this docket number when. submitting the' requisite
38 updated copies of the CANDU 3U SAR pursuant to 10 CFR.50.4 for the start of

.the DC review. The staff does.not plan to develop a detailed review schedule
until the updated SAR and schedules for all outstanding information have been '

submitted.
.

|

In response to your application letter, the staff has considered the resources !needed to issue an FDA for the CANDU 3U design. The staff has examined the ;

review process and the full-time equivalent (FTE) staff required for the
completion of each of the evolutionary plant DC reviews. While there should |
be some potential resource savings from the staff experience in conducting DC ;

reviews, it is expected that this will be offset by the potential difficulties
inherent in reviewing a non-light water design. The acceptance review-

,

confirms that there are a number of significant issues which potentially could :
require enhanced NRC review efforts. Therefore, the staff still considers the -
resource and schedule estimates made in the March 24, 1994, Commission ~ paper

;

(SECY-94-079, " Schedule and Resource Estimates for CANDU 3 Design. '

Certification Review") to be appropriate at this time. This estimate included ;

105 FTE and $2.2 million for the Office of Nuclear. Reactor Regulation (NRR), j
and 23 FTE and $18 million for the Office of Nuclear Regulatory Research ;
(RES)._ Two additional factors will influence the ultimate schedule and the ,

fees actually billed to AECLT for the DC review: how closely the application .j
complies with the information required by the Standard Review Plan; and the '

results of the ongoing agency reevaluation of the NRC fee structure related to i

research needed to support licensing of advanced reactor designs. Until both !
of these issues are resolved, the staff cannot provide a more complete
estimate of the costs and schedule to complete the CANDU 30 review. ;

t

I
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g. - In this regard,~AECLT should arovide within 30 days of the date of this letter
a schedule for submittal of tie updated CANDU 30 SAR and the 'other missing.
information such as. the ITAAC, technical specifications, and. SAMDA. We-
understand that unless we hear differently. from you, the staff plans to
continue its limited work on some key issues such as void reactivity and ,

shutdown system reliability.. If you have any question regarding this letter a
please contact the NRC project manager, Dino C. Scaletti at (301)504-1104.

t ,

Sincerely,
'Original signed by:

Dennis M. Crutchfield, Associate Director
for Advanced Reactors and License Renewal ;

Office of Nuclear Reactor Regulation -
|

Docket No. 52-005

Enclosures:
,

,

1. Recuest for Additional Information.
2. Fec eral Reaister Notice ,

cc w/ enclosures:
See next page
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In this~ regard, AECLT should provide within 30 days'of the' date of this letter. -

.

a schedule for submittal of the updated CANDU 30. SAR and the other missingc

a, informationisuch.as the ITAAC,| technical' specifications,~ and SAMDA. We
. understand'that unless'we hear differently from you, the staff plans to 1

: continue its limited work.on some key issues such as. void reactivity and.
shutdown _ system reliability. , LIf you have any question regarding this letter

,

please contact; the NRC project manager, Dino.C. Scaletti at (301)504-1104. !
'

Sincerely, .

- > . -
:

enn s M. Crutch e d, socia e Director
for Advanced Reactor and License Renewal

'

Office of Nuclear Reactor Regulation |

!

Docket No. 52-005 .

!
Enclosures: i

1. Request for Additional Information
2.. Federal Reaister Notice

q
|cc w/ enclosures:

See next page
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P' : REQUEST FOR ADDITIONAL INFORMATION
,

,:'
>

'i
..

. . ,

- @ . 210.1 Classificationiof Structures, Systems,-and Components,.(SSCs) '
t . . .

.J -a. iSAR Section 3.2 Land other SAR Sections contain. references to1(1)'a4"t~

Lseries of Canadian Standards (CAN/CSA N-285 through'N-290),that4.

i
1- ' provide: requirements for safety classifications, design and . . ' .

>

. fabrication, quality assurance, and seismic qualification, and:(2)-'a - '-
"

'

s +

E' ' series of Safety 1 Design Guides that apparently, provide design.
guidelines' for.such subjects as . seismic analyses,1 code ' '

s-
.. . . . .

'classification, and pipe rupture' protection. SAR SubsectionL3.2.7.2 -
. states that where there is'an individual reference in the.CAN/CSA;' '

Standards to ASME Code Section-III Division:1 or'2, it is the' '

intent.of the CANDU 30 design certification process to incorporate: :

.

all Articlesfin ASME Subsections NB,' NC, ND, NF, CB, CC,- and: :
Divisions'l'and 2 Appendices in their entirety. However, for-some ,

SSCs classified as CSA Class-2, 3, IC, 20, or 3C, SAR Table 3.2-1 4j
identifies the principal construction codes and standards as both' 1

ASME Section.III and one of the CAN/CSA Standards. . Because the:
^

certified deugn rule will. be.a part of the NRC regulations, all ;

references should be.made to' U.S. codes and standards. . The.SAR' '

should clearly discuss the acceptability of the design in those ._ t

areas where the design deviates from the criteria in the ASME Code.
or.U.S. industry standards. ;j

b. SAR Table 3.2-1. lists the quality assurance for all SSCs as' one of '

the Z299 series-Quality Assurance Standards. SAR Section'3.2.4.3- 4
contains only a brief description of these. standards. With respect

,-to the information in the SAR, it is not clear to the staff which of 1

these standards, if any, contain a' commitment to.10 CFR 50,:Appen-
' dix B. The SAR should either state that Z299 meets all the require- i

ments of Appendix B, or replace Z299 with a commitment to Appendix B 3
for all SSCs classified as DBEL(Seismic Category I). ;

,.
.

210.2 Basis for the Alternative Safety Assessment--

Atomic Energy of Canada Limited Technologies (AECLT) indicates that' '

a Leak-Before-Break (LBB) approach may be used to demonstrate that
,

catastrophic pipe failure has a very low probability of occurrence., ;
If the LBB approach is to be used in the CANDU'30. design, the- i
details of LBB methodology and acceptance criteria should be q

submitted in the SAR for staff review.
,(

210.3 Computer Programs j

It is not acceptable to provide only a list of computer programs. i

Additional information for each program in accordance with the
; :. guidelines of SRP 3.9.1.II.2 must be provided in the SAR to

. .

demonstrate that the program has'been verified for its applicabilityt

L and validity. :

-1-,

|. i

|

| i
| .

. _ _ - . _ _ _ _
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9.s .210.4 Experimenta1' Stress' Analysis
'

1-

'

'SAR'Section 3.9.1.3. stat'es that no experiments are required;to. qualify. '
" ,

W W lany mechanical: systems or components; however, shake tests may be- ;
required'on. some: fuelling: machine components which 'will_ be specified in '' '

,

accordance with Section 3.10. . It'should be noted that experimental ,

'

' stress analysis is not an equipment qualificationitest.; ;Therefore, . :
AECLT should clearly' state if: experimental stress' analysis ~is not used ,

L in the CANDU 3U design.- If it'issto be;used, sufficient-information= 4
' must be presented in the SAR committing that the requirements,of - ' <

' Appendix II to ASME Code, Section III, Division I will be met..
. ,

,,

210.5. Seismic process Qualification . Testing' of Safety-Related Mechanical'
'

'

Systems .~
'

>
, ' ,

.

Per the' guidelines of SRP 3.9.2,:SAR Subsection 3.9.2.2 should' include' |
information on the seismic analysis methodology and approach for all'
Category I systems, components, equipment and their. supports;. '

210.6 Dynamic Response Analysis of Reactor Structure 'and Fuel Channel . , . '$

Assemblies Under Operational Flow Transient And Steady-State Conditions.

.a. AECLT indicates that the dynamic response analysis is"not' planned ' ate
. this time because the operational flow transient and steady-state. .
conditions do not produce large loads to justify .such' analysis.
Because the CANDU 30 design 'is the first of a design reviewed by the- <

staff, documentation. or references ~ containing Lthe results' of
.

required analyses and tests (either from a prototype of CANDU 3U or '!
any other similar CANDU plants) must be provided for staff review. ;

b. In Sections 3.9.2 'and 3.9.3.of the draft SAR, the .following . -

additional information as described in'SRP Section 3.9.2 should be
provided for verifying the design adequacy of the reactor vessel and
internals:

Detailed information on the reactor vessel and internal component
design, including their configurations, major functions.and design ,

parameters, material requirements, definitions of operational and i

faulted condition design loads such as LOCA and SSE, design
acceptance criteria such as-stress and deflection limits, and
methods and procedures for conducting tests and analyses to ensure
their structural integrity and functional operability.

A detailed description of the preoperational. vibration assessment'

program for verifying the design adequacy against flow-induced
vibrations, including designation of the prototype reactor, results'

of pre-testing vibration prediction analysis .and acceptance, . .

criteria, preoperational flow testing program and planned instru- '

mentation for vibration monitoring, and the post-testing visual
inspection program.

,

2_
-

.

.
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210.7' Correlations of Reactor. Structure' Assembly' Vibration Tests'with the. !
Analytical! Results .

.

-

* '

AECLT indicates.that:the CANDU 3U' design is'' based'on proven' technology j'
and that the key features of the CAN0b 3U: design are essentially,

' identical to those of operating plants. Since the CANDU 30' design is .

,- the first of a design reviewed by the staff, a discussion must be. pro , .R

vided which describes the methods used (either for theLCANDU,3U design- ;',

or.for,any previous similar operating plants);to. correlate the test
< results with those; from dynamic' analyses. .

l' '

210.8. Component Supports ,
,

When snubbers are utilized.as supports for- safety-related. systems: and j
,: components, SAR Subsection 3.9.3.4 should. incorporate relevant, .

" Lprovisions as specified-in the SRP 3.9.3 for establishing acceptable, !
: snubber operability assurance. '

.

!
a

210.9 Control Rod Drive System'(CRDS) '
'

. . -i
a. AECLT indicates that the SRP acceptance criteria are not' applicable; I

to the CANDU 3U design and that the Canadian Standard.CSA-N285.0 is :

used in the design'of CRDS. At this time, the staff.has not a

confirmed that the SRP acceptance criteria' are not applicable to thel !
CANDU 30 design nor does the staff have a clear guidance position on -|
how to review the acceptability of' applying Canadian Codes and' !
Standards to the CANDU 3U design. However, a simple reference.to. 1
Canadian standards is|not acceptable..LThe SAR should discuss why '

the SRPL criteria. are not considered applicable .and' clearly ' identify 1

all criteria in these standards that are applicable,to the CANDU:3U |
design. +

:

b. In Section 3.9.4 of the draft SAR, provide a detailed description of
the testing and analysis conducted for ensuring control rod : ,

insertion and safe shutdown of the reactor under faulted p'lant !
conditions such as seismic and LOCA events.

,

210.10 Calandria Vessel Internals (CVI)' and Fuelling Machine (FM) !

AECLT~ indicates that the'SRP criteria are not applicable ~ to the CANDU 3U- |
design and that design alternatives including the use of! Canadian Safety. !
Design' Guides and Standards' are applied to the design of CVI. ' As dis- 1
cussed in 3.9.4,.the SAR should discuss why the SRP. criteria are not 'l

considered applicable and clearly describe the design' alternatives and- !
identify all criteria in those standards and design guides that are' !

' applicable to the CANDU 30 design. I

U 210.11 In-Servico Testing of Pumps and Valves 1

The information presented in this section should be expanded to address l"

implementation of staff positions specified in SECY-90-016 and NRC i
Generic Letter 89-10. Although a detailed IST program will be developed

,

}-3- .;
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by 'the COL' applicant, an IST plan:of: sufficient information must be
~

,

Lsubmitted to demonstrate that all: safety-related pumps and valves
. .

;

'

including safety / relief valves of the_CANDU 30 design can be adequately.
1 - tested'at the required frequency. Justifications for testing at cold

.

shutdown or refuelling outage must be provided for those pumps and L
~ ; valves that cannot be tested ' quarterly. -

7 210.12 Evaluation of Safety Issues
~

4 ,

'~

:The'following. issues should be addressed:..4

' 'Issue'A-1 "Waterhammer"~ .

Issue 70' "PORV and Block Valve Reliability"
.

, .

:A ' Issue 79 . Unanalyzed Reactor Vessel Thermal: Stress During Natural'. . .
4

"

'

Convection Cooldown"
Issue 87 " Failure of High-Pressure Coolant Injection Steamline y

Without Isolation" . |
>

Issue II.D.I. " Performance Testing of'PWR Safety and Relief Valves"

' 210.13 Seismic Qualification of Seismic Category I Instrumentation and
Electrical Equipment

,

a. The title of SAR Section' 3.10 and its contents should be ' expanded to
include not only. seismic but also dynamic. qualification'of.both'*

electrical equipment and mechanical. equipment. ,

b. Information and commitments must be provided in the SAR
demonstrating that relevant qualification criteria specified'in SRP,

3.10, Rev. 2 have'been met..'

220.1 Sections 3.3.1.2 and 3.3.2.3 of the CANDU 30-Safety Analysis Report'

(SAR) state that the. method for determining pressures generated on ,

structures due to design wind is'specified in'accordance with the'
requirements of the National . Building Code.of. Canada. Although'
fable 3.3-3 of the SAR states.that the load determination criteria of '

SRP 3.3.1 and 3.3.2 (i.e., ANSI A58.2 and ASCE Paper 3269) are complied !>

L with," the extent and manner of. compliance is' not clear .to the staff. '

AECLT should clearly demonstrate how. compliance with.the'U.S.'. codes for
wind load determination has been' achieved and document the results in'

F the SAR. The SAR should clearly discuss the acceptability'of the design
i in those areas.where the design deviates from the criteria in the ASME.
' Code or U.S. industry standards.

,

220.2 Section 3.5.3 discusses.the concrete missil'e barrier-design criteria but
does not address the design of steel missile-resistant barriers. AECLT.

should address compliance with SRP 3.5.3 guidelines for the design of
steel missile-resistant barriers.

,.

220.3 The CANDU 3U standard design defines two levels of earthquake; design ,

basis earthquake (DBE) and site design earthquake'(SDE). _The design
load combinations specified in Section 3.8 imply.that the DBE is equiva-
lent to the safe shutdown earthquake (SSE) and SDE is equivalent to the

-4- [<
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; operating ~ basis earthquake (08E).- The" damping ratios'specified in: .. < ;n

ic - , Table 3.7.1-2-comply with RG -1.61- for the DBE butithe> SDE damping ratios
'do not' comply with the.08E damping ratios of RG 1.61. AECLT should:* .

:

Lprovide' justification:for using~ damping ratios that are not'in- *
*

,

compliance with RG'I.61. -

-
-

"

3- ,,
,

L220.4 Table'3.7.1-1of.the'CANDU3USARprovidestkdesignbasis' earthquake- 1
~

<
>

' ground response spectralin the horizontal' direction for different' ' '-,
.

. damping Lvalues. ; In this < table, the, specific frequency values of the' = -

<#. ,

lower.. intermediate-and upper frequency ranges listed are not defined., -

,

TAECLT should clearly. define these frequency ranges to; enable.the staff
to ~ determine the compliance of. CANDU 3U design response; spectra with thet . #

RG 1.60' response spectra.-
'

' '. *
:

' ~

!. 220.5 Table 3.7.5.1-1- of the SAR states that the CANDU 30 design; ground
. response spectra envelope is the. RG 1.60 = spectra in the horizontal ,.

' direction but the vertical desige response spectra.is less than the t-

RG 1.60 vertical response spectra. AECLT should provide justification ;
'

-for using vertical design response spectra that are not in compliance q>

with RG 1.60.- '

220.6 Table 3.7.5.1-2 of-the SAR states that the. seismic system analysis does -[
not comply with SRP 3.7.2 guideline for considering 5% . additional-

' eccentricity to account for accidental, torsion. ' AECLT should.. justify.
,

how accidental torsion effects.will be considered in the CANDU 30 , , .

standard design in order to comply with the guidelines of SRP.3.7.2. d
'

4

220.7 Section 3.7.2-of the CANDU 3U SAR does not' provide the details' of thA" l
'

seismic soil-structure interaction (SSI)' analysis for compliance with q
the guide)ines of SRP 3.7.2. This information should be provided.

~

220.8 Section 3.7.3 of the CANDU 3U SAR does not provide the criteria for the
analysis and design of cable: trays, conduits, HVAC and their! supports. 1

This information should be provided.
"

220.9 CANDU 30 standard design' employs modular construction for various !
components of the containment internal structures. . .Although. seismic .

analysis and design procedures for various systems and subsystems are t

* presented in Sections 3.7 and 3.8, these generally address conventional.-
safety related structures which may not be totally applicable to
structures comprised of the modular units used in the.CANDU. 30 design.
Sections 3.7 and 3.8 should discuss seismic behavior'and design analysis
methods for the CANDU 30' modular construction.

'

;;

i ~230.1 In Chapter 2, each section and subsection needs a COL applicant action ~ |
item statement so the COL applicant will know what has to be done to ;'

assure that the site fits within the design assumption envelop. All ;

references should be to U.S. codes and standards, NRC regulations, NRC. ,

regulatory guides and the NRC Standard Review Plan. The SAR should i
;

clearly discuss the acceptability of the design in those areas where the |
u

I

1
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, design deviatesLfrom"the criteriaLin the ASME Code.'or U'.S [industrys |
''' '

' standards. . In particular,1the SAR should discuis howLan equivalent--
'

4

. ''

cdesign margin 11s maintained. ~ n'
' 4 >

,
, .

> 230.2 The SAR:shouldLprovide' one ! summary table that s11sts!all the: assumed sitel~

,' (parameters.for,which.the CANDU'3U plant is designed rather than having. i,

' it spread'over .various parts of theLSAR. !<
'# *

,,

230.3' The'SAR .should provide instructions' for the COL applicantI(origirlyisite
permit) on the type of information needed and typestof studies' to. be~ '

-:

performed-.to show that a site meets the geological.1 seismological: and -
~

"
..

geotechn i c al eng i neeri ng . requ i rement s . .
'

i
'

~

y
,

230.4 The staff view.is that sites with.the potential for: tectonic faulting at,

or. near the ground surface are not' acceptable; for nuclear power plants. |
The SAR should state this.

|

230.5 Provide a complete description of the seismic instrumentation !'

characteristics.-(i.e., solid state components, digital recording,- 1
,,

bandwidth,' dynamic range, ability to promptly determine responses :,

spectra and cumulative absolute velocity, etc.) .,

230.6 Provide a' discussion of the need for the COL applicant to have a program
plan to perform pre-earthquake planning and post earthquake actions and ,4 ;i
an outline of such a program. :

240.1 State the ground water level and the external flood level for which the j,

plant is designed.:
.

-,

a
252.1 Turbine Missiles *

This'section of the SAR should include a figure ~ showing the'+25% degree- -|
low-trajectory turbine missile ejection zone. Further, the SAR "

should commit to meeting RG 1.115,." Protection Against. Low-Trajectory ,

TurbineMissile,"RevisionIwhichspecifiesthat'the'probpbilityof- '!
unacceptable damage from turbine missiles be less than 10 per reactor- .

year. Consistent with the staff's position-taken for'recently licensed

gre,ater than 10'pbility of turbine missile generation 'should be no-
plants, the prob

,
i

per reactor-year for unfavorably oriented turbines and -
10 for favorably oriented turbines. ;

a. Paragraph 4.5.2.3 of the SAR indicates that Zirconium-Niobium :
1pressure tubes meeting the requirements of Canadian Standard

,

CAN/CSA-N285.6.1.will be used in the CANDU 3U reactor. The SAR
should identify all criteria in these standards and guides that are ?q

o
-

'
different or deviate from those in the ASME Code or Standards
endorsed by NRC. The SAR should clearly discuss the acceptability
of the design in those areas where the design deviates from the 1
criteria in the ASME Code or U.S. industry standards. j

'

b. Paragraph 4.5.2.3 of the SAR also states that Canadian Standards;

CAN/CSA-N285.6.8 and CAN/CSA-N285.2 will be used for the selection ,

i
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Lof modified Type 403 stainless steel materialiand the use''of a
; rolled joint design between the pressure tubes and the Type 403
material. - AECLT must ~ identify all criteria in :these standards and
guides that are different or deviate from those in the ASME-Code or ;,

''

. Standards. endorsed by NRC. The SAR should clearly discuss the
acceptability of.the design in those areas where the design deviates. |
from the criteria 1in the ASME. Code.or U.S. industry standards.

'

,

b c. ' Paragraph' 4.5.4.1' of the SAR ' states that lattice. tubes' and casting' :s
shall be fully radiographed over the maximum feasible volume.;e ,

Section III of the ASME Boiler and Pressure Vessel-Code (ASME Code)E
requires that nuclear components requiring radiography must be' ,

examined over the entire. volume. The SAR should explain why ;'

'lCANDU 3U components cannot be examined over the entire volume as-
required by the ASME. Code.and discuss the acceptability of such an; S

approach.- ;

252.2 Heat Transport System and Connected Systems

a. Figure 5.2-1 of the SAR shows the heat transport system pressure
'

boundary flow diagram. Using this diagram, the .SAR should identify a
'the materials of construction for the major pressure retaining 1

components, e.g., D 0_ storage tank - Austenitic Stainless steel.2 ,

Type 304L; ' D 0 feed pumps - Austenitic Stainless type 304L casing,'

2
304L impeller, type 410 shaft; shutdown / bleed cooler - shell carbon
steel, channel carbon steel,' tubes carbon steel; bleed. valves - body
carbon steel, disk carbon steel, stem type 410 stainless steel; a
piping carbon steel. p

l
b. Figure 5.6-1 of the SAR shows the moderator system flow diagram. .!

Using this diagram, the SAR should identify the materials of-
construction for the major pressure retaining components of the
moderator system. !

c. The SAR should identify the impeller material for the heat transport
and shutdown cooling pumps.

. !

d. The SAR should identify all structural materials.that will be !
exposed to high neutron fluence. ,

!
252.3 Engineered Safety Features

This section must include a subsection 6.2.7, Fracture Prevention of. .

Containment Pressure Boundary and commit that the containment liner, !
containment penetrations, equipment and personnel hatches will meet the i

JASME Code, Section III fracture toughness requirements.

252.4 Steam and Power Conversion Systein |
-l

Subsection 10.3.6 should be expanded to discuss those measures that have ;

been taken in the CANDU 30 design to address the concerns of |
1
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erosion / corrosion 2 caused.by|singis-phase'ortwo-phase | erosion / corrosion
. phenomenon as documented.in Generic Letter 89-08,'" Erosion / Corrosion-- :

w LInduced Pipe Wall Thinning." "
,

T :262.1 The detailed' test program Individual Test Descriptisns were not included - '
,

in the CANDU'3U.SAR; however, the applicant acknowledged the. requirement1

lto provide'that information'to the staff. .

'

.263.1.The AECLT reliabilit'' assurance program (RAP) was developed using the 'y
staff's interim _ position for'a RnP, as stated ~in:SECY-93-087' AECLT ..

-
.

will. need to revise. the D-RAP to reflect .the' NRC's final position on' RAP, 4i.

to include' a description of.the essential elements'of-D-RAP, detalls on
" how the. applicable regulation for D-RAP:is. satisfied,' and the'ITAAC to

,

verify implementation of D-RAP prior to fuel load.-
!

-290.1 The main control area (MCA) HVAC system is4a non-safety system which 'i-

does not conform to'the single failure criterion for providing safety- .

* related filtration and cooling functions. Therefore, the MCA does not :
meet the requirements of.GDC 19 of 10 CFR Part 50, Appendix ^A. -+

_

i

420.1 Section 1.8 CONFORMANCE TO'NRC REGULATORY GUIDES
'

,

The recommendations of Regulatory Guide 1.75 with regard to' separation'
and independence of electric circuits are discussed only in SAR
Section 8. AECLT should also discuss how the design: meets:the intent of~ ~ ;

Regulatory Guide 1.75 for the I&C,. systems' discussed in SAR Section 7.-
The ' design should show that low-energy signal cables are routed
separately from power cables, and that safety-related redundant I&C
circuits and components are separated and isolated from non-safety- i

related circuits.

In AECLT's identification of the instrumentation and control systems-

important to safety and the acceptance criteria for these systems, many
Canadian standards are referenced. However, there is'no comparison -

provided between the criteria in the Canadian standards to that in
comparable U.S. standards.

420.3 AECLT stated-in Section 7.1.2.5.2'that a Failure Mode and Effects
Analysis (FMEA) is not provided at this time.since the detailed
schematic and loop diagrams are not available. - RG 1.70 calls for an -
FMEA for protection systems and components. The staff considers an FMEA :
for the CANDU 3U Special Safety Systems to be essential for its review.

, .

420.4 Section 7.2 SPECIAL SAFETY SYSTEMS

AECLT stated in Section 7.2.1.2.8 that the. technology proposed for the ;

trip computers has been used in the Darlington Nuclear Generating -

Station. However, there is no documentation describing the hardware and
software design, the verification and valiaation processes, con- ..

figuration management and other aspects of the digital system design.
The inspections, tests, analyses, and acceptance criteria (ITAAC) for
these systems have not been included. The staff intends to address this

-8-
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''Y lack of design ' detail in 'a manner s'imilar to thAt for. the'GE< A8WR and |
'

m'
| A88-CE System 80+ designs by certification of a' design development. ;processias.: described in SECY-92-053.:' '

,

'

'420.5. In. Section 7.7 (Control Systems not Required for Safety), there is no :
'f -discussion of the instrumentation and controls for'the on-power fueling.

'

machine and its interface with safety-related; systems. This.is aLunique
,

-,

"

4
'

feature in the CANDU plant-design'which may pose potentialjsystem<
i

interaction.concorr.s that 'should be addressed by AECLT.,

'

' ' 435.1 Section 8.1.4.3.4.1.of the SAR only states .that'the design of the
CANDU 3 is in. compliance wf th_ the requirements of BTP-ICS8 4,'(Rev. 2,
1981' July). The' staff regiires details of how the CANDU,3 design . .
complies with this.BTPiin-order to conduct its. review.

' 435.2 Section 8.1.4.3.4.4 of.thf SAR~only states that the design of the. '

b CANDU 3 is' in compliance'with the' requirements of BTP-ICSB 18 (Rev. -2,:
1981 July). The staff ruquires details 'of how the CANDU 3 design. ,

complies with this BTP fn order to conduct its. review.>

..

435.3 Section-8.1.4.3.4.5 of.the SAR only states that the design'of the. , j|CANDU 3 is in compliance with the' requirements of BTP-ICSB 21 (Rev. 2,- -

1981 July). The staff requires details of how the CANDU 3 design
.

complies with this BTP in order to conduct its review. ''

435.4 Section 8.1.4.3.4.6 of the SAR states that the design of.the CANDU 3
electric protection system complies with:the requirements of BTP-PSB l'- '!

and the details of voltage setpoint and time delay of the tripping shall
be analyzed in the detailed design stage. The staff requires additional
information on- how the CANDU 3 design complies with this BTP. -AECLT
should provide details of the design and how it complies with each gposition of the BTP.

i

435.5 With regard to THI item II.E.3.1, Emergency Power Supply for Pressurizer b
Heaters, Section 8.1.4.3.5.1 states that there is alternate compliance
for this issue as the necessity for pressurizer heaters for continuing
natural circulation can be challenged' and dismissed by appropriate -
analysis. The staff requires the details of this analysis in ' order to-
properly perform its review of this issue.

435.6 There is no detailed discussion of how operational experience was |

incorporated into the CANDU 3 design. Specifically, in the electrical
power area, a discussion of how the design incorporated the experience
identified in Generic Letter 88-15, Electrical Power Syste.as - Inade- !

quate Control Over Design Process, is required.

435.7 The staff requires additional information on the CANDU 3 lighting design
described in SAR Section 9.5.3 in order to conduct its review. The
following areas of information should be addressed:

1

a) Illumination ranges for the normal, standby, and essential / emergency
|lighting systems are required. i
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'b) Additionalfdesign details are required on the different lighting "

. , ..

systems.

: 440.I' Computer Codes used for Transient and Accident Analysis: .

AECLT needs to provide detailed descriptions of all:the computer codes L .=

used in the' core design discussed in SAR Chapter 4 and the transient:and
,

accident analyses documented in Chapter 15 of the SAR. The1, ,

documentation of. each computer code should include a discussion of the
purpose of the code,-description of the calculational:models, and'-- s

' verification of the computer code against test data or applicable :

- operating data.: The code documentation should demonstrate its ;

acceptance to the: staff by showing its validity of the governing mass,- -

energy, and momentum equations. AECLT is also be ' requested .to show the
'

.

correct use of empirical correlations and steam-heavy water interfacial
relationships; accuracy of the numerical: solution scheme including .

o
4

modeling techniques, and adequacy of benchmark comparisons with existing' '

data.

~!For the com> uter models used in the loss-of-coolant-accident '(LOCA);
analysis, tie applicant must use, (as required for LWRs in- -

,
..

- Item (a)(1)(1) of 10 CFR 50.46)', an evaluation model that includes !

sufficient supporting justification to show that the analytical :

techniques realistically describe the behavior of the reactor system
during a LOCA. Comparisons to applicable experimental data must be mader

.

"

and uncertainties in the analysis method and input must be identified
and assessed so that uncertainty in the calculated results can be
estimated. Alternatively, an evaluation model used for the LOCA
analysis may be developed using an approach consistent with the
requirements for LWRs described in Appendix K to 10 CFR 50. The
discussion should include the references of test reports used to. i
validate the models simulating key phenomena that could occur during
transients and accidents. - i

471.1 Operational considerations - Section 12.1 should include a section on, ,

.
how operating experience from current generation plants has been .

'incorporated into the CANDU 30 design. This section should provide-'

examples of design changes and operational improvements. based on . lessons '
~

learned from past plant designs.
i

471.2 Contained radiation sources - Section 12.2 should include a description i
'

of contained radioactive sources (such as waste tanks, heat exchangers,
filters, holdup tanks, resin tanks, etc.)'in the plant. Information. :

..

provided for each source should' include source location within the !
'

plant, component material and geometry, and radionuclide contents with
,

associated source strengths.

'471.3 Plant layout drawings - Section 12.3 should contain detailed plant }
1ayout drawings which show: plant radiation zones, shielding wall '

thicknesses, personnel and equipment' decontamination areas, health
. physics facilities, controlled access areas, contamination control'

,

areas, chemical and analysis labs, post-accident sampling stations, and
;

-10- |
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5 1 the counting room. :These plant layout drawings should be provid'ed for .

each plant. elevation and should also include the. location ~.of plantu'

equipment and components.as well as nonsal:and post-accident personnel, s

traffic patterns..
'

,

,
F ,o

L471.4 Radiation" protection ~ design features' 'In accordance with Chapter 12.of' i -'

'the SRP, Section 12.3 of the CANDU 3U.SAR contains a' good description of
facility' design featuresLincorporated.to ensure:that personnel exposures-

rare maintained ALARA. However, the.SRP also states that Section' 12.3 of;
Lthe'SAR should describe how the plant' design-considers such' major- ' '

exposure accumulating functions as maintenance, refueling, in-service
.

'

inspections, .decomunissioning, .etc. . Section 12.3 of the. SAR should! '
~

include this information, as well as.1) a discussion of. source term
control, 2).a description'of how robotics have.beenfincorporated intoi
the plant design to minimize: personnel doses, and 3).a description ~of:"

any: accessible plant areas having a potential' for dose rates greater
'than.one Sv/hr.

471.5 Dose assessment - Section 12.4 should contain'a dose assessment
performed in accordance with the guidelines 'of Regulatory Guide 8.19,
" Occupation Radiation Dose Assessment in~ Light-Water Reactor Power-
Plants Design. Stage Man-Rem Estimates".

471.6.D8Adoseconsequencecomputercodes-InSections15.123, eta 1., codes;:

used by AECLT in the CANDU consequence analysis 'are referenced.- These-
codes need to be. described, and the basis for their validity:needs toLbe
presented.

471.7 Calculationa1' methodologies and assumptions .The dose calculation
methodologies and input assumptions used to: analyze the radiological
consequences of postulated accidents need to be provided. The
information provided in this area needs to be adequate to allow NRC to;
perform independent calculations of the dose consequences.of DBAs.

471.8 Accident source term - The source term used in the: radiological
consequence analyses should be specified. NRC has done extensive work
on the accident source term for light water reactors (LWRs);:NRC has
little experience with heavy water reactors.. Therefore, the basis for
the CANDU accident source term needs to be described.

l

| '620.1 The staff's review of Human Factors Engineering (HFE) topics can be
.'

performed in three levels: programmatic, implementation plan, andi

. completed (see attached information). AECLT'should identify the level'
for each topic area. At present it appears that~the HFE program plan
and the Operating Experience Review may be completed. Most of the other
topics can be treated at an implementation plan level of detail. MV.
appears to be at a programmatic level of detail. - Please discuss.

620.2 While no specific document reference is provided, the SAR discussion
seems to indicate that a Human Factors Engineering Program Plan (HFEPP)

- exists which may provide some of the additional detail required for the
review. AECLT should provide the HFEPP.

-11-
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f20.3 GreatL em;:hasis ~ is placed on the use of the ' predecessor plant's analyses
and operating; experience as a basis for the CANDU.3 design. -AECLT
should provide a discussion 'of the relevant HFE analyses performed for-

that design which provide starting points for the~new designs

u 620.4 The specific documentation which is already available for review'to
support the HFE discussions'and conceptual design in the SAR and that
will'be daveloped'as part of the detailed design should be> clearly
: identified. .

+
,

'

620.5 The SAR'contains' missing figures, as well'as cross-references, which
when checked,-ptovide little additional information (e.g.,
Figure 18.04 -Laissing; Section 18.1.6.1.2,." complete list ofo
documents," 1., dissing; and there are numerous references to

'Section 18.1 v..sch do not really. expand upon the topic under-
discussion). These: aspects of the SAR should be modified.

620.6'Several review topics were either minimally addressed or-not addressed
at all. AECLT should provide detailed information on these topics.
Most notably, these include:

Task analysis (minimally addressed)-

HRA-HFE integration'(appears to be omitted)-

Minimum Inventory (appears to be omitted)-

CDD/ITAAC/DAC' (appears to be omitted)-

|

|1

|

|

|
,

,

'

.

.
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^ INFE Review 'Leve1s:
-

, ,

The;HFE PRM (NUREG-0711) can be-used"to review | applicant: sutimittalslat three1> a
;1eveis:IProgramnatic Review, Inplementation' Plan Review,iand Complete Element- i-

,

Review. Att a Programmatic Review level, the SAR;does not include detailed- :L>
,

. methodology .and,; therefore,. detailed evaluations using the'HFE PRM acceptance'u , , ,

: criteria ~are beyond the scope of.the staff review for design certification.
''

.At a programmatic: level: review, the HFE PRM criteria'are'used to determine' '!
~

s

~ hether the program provides a top-level identification of.theisubstance of'w '

.

-each criterion which, after design certification, will be' developed by the . A
'.

impplicant:into a detailed . implementation plan. -The value of.the programmatic*

.

.'. level review is that:it provides assurance that the implementation plan will ,. -

address all:HFE PRM criteria. Applicant commitment to the development of such : 1

a ' detailed implementation' plan should be described in'.ITAAC/DAC. . The' staff
will review tils plan during posticertification review activities. .ITAAC/DAC . :
are also needed for complating the; implementation plan and providing the M

jresults to the- staff for review. - o

<

To perform an Implementatfon Plan Review, the applicant's submittals should. :
describe the' applicant's proposed methodology in sufficient detail for the '

' staff to determine whether the methodology will lead to products that meet the -,

HFE PRM acceptance criteria'for the element. An Limplementation plan . review
provides the applicant the opportunity to obtain staff review and concurrence-

.on the applicant's full approach prior to design certification. The actual'
completion'of the plan will then likely take place after design certification.

,

Suct a review is desirable from the staff's perspective.since it provides the- 'd
opportunity to resolve methodological issues and provide input early in the
analysis or design process when staff concerns can' more easily be addressed
than when the effort is completed. While some' implementation plans can be o
reviewed on their own merits, the staff may' request a' sample analysis which .

demonstrates the application of the methodology and its results. ITAAC/DAC ,

are needed for completing the implementation plan and providing.the results to 1
the staff for review. ;

1
A Complete Element Review can only be performed when the finished products i

(e.g., main control room (MCR) design) are available for the staff to- |

evaluate. This means that the applicant has submitted an analysis results j
report (s) and design team review report (s). An analysis results report )
provides the results of the applicant's efforts on an HFE PRM element with :

respect to the review criteria. A reviewer will utilize the report as the>

main source.of information for assessing compliance with the review criteria.
An a>plicant's design team review report provides the independent evaluation

,

of tie activities addressed for the element by the design team. .On resolution
of staff concerns regarding the analysis or its results, the review topic can
then be closed prior to design certification.' ,

l

..
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' Pioina Desian:
,

In accordance with 10 CFR 52.47(a)(2),.an application for a standard design
'should contain sufficient design information to enable the NRC to make final.,

safety determinations. For piping design, acceptable' approaches consist of -
either (1) having documented and.available for audit a' complete design of all.
safety-related piping systems or (2) providing comprehensive descriptions of
design acceptance criteria-(DAC) for piping in the SAR and sample,

representative piping analyses. The piping DAC should contain information in
the following areas:

,

,

applicable codes and standards -e
,

methods to be used for completing the piping. design analysisa

modeling techniques*

lpipe stress analyses criteria '
t *

J-
pipe support design criteria .

.

l]
'

*

._
criteria for postulating high-energy line breaks -*

Leak-before-break (LBB) approach applicable to CANDU-3 (analyses.' are*

required for all candidate LBB piping)

The SAR should clarify the approach and upgrade Sections 3.7.2,.3.9.2 and
3.9.3 of the draft SAR as necessary to address the above areas of concern.

,
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