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Subject: Docket Number 070-03098
Duke Cogema Stone & Webster
Mixed Oxide Fuel Fabrication Facility
Response to Request for Additional Information
References: (1) J. G. Giitter (NRC) letter to P. Hastings (DCS), dated 21 June 2001, “Mixed
Oxide Fuel Fabrication Facility Construction Authorization - Request For
Additional Information”

(2) R. H.Ihde (DCS) letter to W. F. Kane (NRC), DCS-NRC-000038, dated 28
February 2001, “Construction Authorization Request”

This letter provides the Duke Cogema Stone & Webster (DCS), LLC, response to the NRC's
request for additional information (RAI, Reference 1) concerning the Mixed Oxide (MOX) Fuel
Fabrication Facility Construction Authorization Request (CAR, Reference 2).

Some of this information is the privileged (proprietary) information of DCS. DCS requests that
the proprietary information be withheld from public disclosure pursuant to 10 CFR 2.790(b).

Enclosure 1 provides the affidavit attesting to the privileged information nature of the
proprietary portion of this submittal. Enclosure 2 is a redacted, non-proprietary version of the
response to the RAL Enclosure 2 may be disclosed to the public since the proprietary
information has been removed from the redacted copy. Enclosure 3 is the proprietary portion of
the response to the RAL. Enclosure 3 should be withheld from public disclosure; the proprietary
information is denoted by brackets.

For each question in the RAI, a response and action is provided; the actions refer to changes to
the CAR necessitated by the response to the question. DCS is not revising the CAR at this time,
but expects to revise it later this year to incorporate these changes.

Notable among the questions in the RAI were those associated with the design basis of the
MFFF. As NRC’s authorization of construction of the MFFF is predicated in part on the
acceptability of the safety assessment of the design bases of principal structures, systems, and
components (SSCs), DCS is particularly interested in resolving any questions on the part of the
NRC Staff with regard to this issue. Consequently, DCS has included in these responses a
substantial amount of design information that extends beyond what is considered “design basis”
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DCS trusts that this information will facilitate review of the CAR, and is interested in meeting
with the Staff to resolve any outstanding questions and make additional information available
for review as necessary.

Please note that DCS has requested clarification from the NRC regarding RAI Question 40.

If I can provide any additional information, please feel free to contact me at (704) 373-7820.

Qiemnnenlys
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Peter S. Hastings, P.E.
Licensing Manager
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AFFIDAVIT PURSUANT TO 10 CFR 2.790(b)(1)

1 am President and Chief Executive Officer of Duke Cogema Stone and Webster, LLC;
(“DCS”™) and as such have the responsibility for reviewing information sought to be
withheld from public disclosure in connection with design and licensing of the Mixed
Oxide Fuel Fabrication Facility (the “MFFF”); and am authorized on the part of DCS to
apply for this withholding.

I am making this affidavit in conformance with the provisions of 10CFR 2.790 of the
regulations of the Nuclear Regulatory Commission (NRC) and in conjunction with
DCS’s application for withholding, which accompanies this affidavit.

I have knowledge of the criteria used by DCS in designating information as proprietary
or confidential.

Pursuant to the provisions of paragraph (b)(4) of 10CFR 2.790, the following is
furnished for consideration by the NRC in determining whether the information sought
to be withheld from public disclosure should be withheld.

®

(i)

(iii)

@iv)

™

(vi)

The information sought to be withheld from public disclosure is owned by DCS,
its partners, and/or affiliates, and has been held in confidence by the same.

The information is of a type that would customarily be held in confidence by
DCS, its partners, and/or affiliates. The information consists of design details and
processing methods and mechanisms relative to a method of processing that
provides a competitive advantage to DCS, its partners, and/or affiliates.

The information was transmitted to the NRC in confidence and under the
provisions of 10CFR 2.790, it is to be received in confidence by the NRC.

The information sought to be protected is not available in public to the best of
our knowledge and belief.

The proprietary information sought to be withheld in this submittal is that which
is marked in the proprietary version of the enclosure to the accompanying DCS
letter, and omitted from the non-proprietary version. This information describes
DCS’ design for the MFFF. This information enables DCS, its partners, and/or
affiliates to support license amendment applications for the MFFF.

The proprietary information sought to be withheld from public disclosure has
substantial commercial value to DCS, its partners, and/or affiliates.

(a) It allows DCS to reduce vendor and consultant expenses associated with
supporting the licensing of fuel fabrication plants.



(b) DCS may sell the information to nuclear utilities, vendors, and
consultants for the purpose of supporting the licensing of fuel fabrication
plants.

(© The subject information could only be duplicated by competitors at
similar expense to that incurred by DCS, its partners, and/or affiliates.

5. Public disclosure of this information is likely to cause harm to DCS, its partners, and/or
affiliates because it would allow competitors in the nuclear industry to benefit from the
results of a significant development program without requiring commensurate expense
or allowing DCS, its partners, and/or affiliates to recoup a portion of its expenditures or
benefit from the sale of the information.

R. H. Ihde, being duly sworn, states that he is the person who subscribed his name to the

foregoing statement, and that all the matters and facts set forth within are true and correct to the
best of his knowledge.

A Mok

R. H. Ihde, President and CEO

Subscribed and sworn to on this 3 / day of /QU dq 1y, 57L , 2001

Nofary Public

My Commission Expires:

My Commission Expires December 28, 2005

SEAL
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C Mixed Oxide Fuel Fabrication Facility

D Construction Authorization Request

S sttt Responses to NRC Request for Additional Information
RESPONSES TO

REQUEST FOR ADDITIONAL INFORMATION
FOR THE DUKE COGEMA STONE & WEBSTER (DCS)
MIXED OXIDE (MOX) FUEL FABRICATION FACILITY (MFFF)
CONSTRUCTION AUTHORIZATION REQUEST (CAR)

CHAPTER 1, GENERAL INFORMATION

1. Section 1.1.2.1, pp. 1.1-1 thru 1.1-2

Revise the description of Savannah River Site workers who are outside the mixed oxide fuel
fabrication facility (MFFF) restricted area but within the controiied area boundary that is
provided in the second paragraph of Section 1.1.2.1 to state that these workers are deemed to be
"members of the public.”

The description in Section 1.1.2.1 should reflect the NRC’s policy that individuals who are not
closely and frequently connected to the licensed activity should be considered members of the
public. This policy is described in an NRC Staff Requirements Memorandum on a similar and
related issue at the U.S. Department of Energy’s (DOE’s) Hanford site (SECY-98-038, "Hanford
Tank Waste Remediation System Privatization Co-located Worker Standards.")

Response:

DCS has reviewed SECY-98-038' and other related NRC and DOE documents pertaining to
whether DOE co-located workers (CLWs) should be deemed “members of the public.” DCS has
concluded that referring to Savannah River Site (SRS) workers who are outside of the MFFF
restricted area but inside the controlled area boundary as “members of the public” would be
incorrect and inconsistent with 10 CFR Part 70, and that the policy set forth in SECY-98-038 has
been superseded by the amendments to Part 70. In addition, applying this label to the SRS
workers is not necessary to ensure that dose limits outside of the MFFF restricted area are within
the Part 20, non-occupational dose limits during normal operations. DCS’ current design and
licensing approach for the MFFEF will ensure the requirements of 10 CFR Part 20 and Part 70 are
fully met. This includes maintaining normal-operation doses at the MFFF restricted area
boundary to below 100 mrem/yr. The discussion below provides the basis for DCS’ conclusion.

Purpose of SECY-98-038

SECY-98-038 was written to inform the Commission of a new issue presented by a difference
between the DOE and the NRC with regard to the specification of accident design values for co-
located workers. The SECY document applied to DOE’s Hanford site as part of the Tank Waste
Remediation System Privatization (TWRS-P) effort. The SECY document approved by the
Commission clearly recognized that for normal operations, DOE’s requirements would ensure
occupational and non-occupational doses would be within Part 20 limits. The SECY document

' Hanford Tank Remediation System Privatization Co-Located Worker Standards, SECY-98-038, U.S. Nuclear
Regulatory Commission, Washington, D.C., March 4, 1998.
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concluded “NRC and DOE differences with respect to CLWs are significant only with respect to
off-normal or accident conditions (i.e., referred to in TWRS-P contracts as anticipated events,
unlikely events, and extremely unlikely events), and in how the related accident analyses can
affect facility design choices.” Although in the SECY document it was stated that the NRC staff
interpreted that “committing to meet Part 835 implies considering CLWs as members of the
general public during normal operations of the facility,” this staff interpretation was clearly not
the focus or purpose of SECY-98-038. This is further illustrated in the concluding paragraph of
SECY-98-038, which states that CLWs would be treated as members of the public because the
current approach at Hanford was not consistent with NRC regulations and the NRC regulatory
approach “for protection of members of the public during accidents.”

SECY-98-038 (accident standards for co-located workers) is not applicable to the MFFF. 10
CFR 70.61(f) specifies the requirements that pertain to individuals who are not MFFF workers
and will be performing ongoing activities in the controlled area. During development of the
revised Part 70 rule, SECY-98-038 and SECY 98-1852, were consistent with respect to the co-
located worker. However, SECY-99-147° provided a subsequent draft of the proposed Part 70
rule in which treatment of site workers not related to licensed operations was substantially
changed. The final rule for 10 CFR Part 70 specifically addressed and clarified the co-located
worker issue.

“The licensee can set the controlled area at any location around its facility as long
as it maintains control of that area as specified in Part 20 and retains the authority
to exclude or remove personnel and property from the area. If the controlled area
included the nearby Department of Energy (DOE) facilities, then NRC would
consider the personnel working at those facilities to be “workers” for the purposes
of the performance requlrements of Sec. 70.61, provided the conditions of Sec.
70.61(£)(2) are met*.”

NRC Task Force Position on CI. Ws

An NRC task force that focused on external regulation of DOE nuclear facilities 1dent1ﬁed the
topic of DOE co-located workers as an additional issue that would have to be addressed.’ The
NRC task force summarized the issue as follows.

“In performing an accident analysis for an individual facility at a DOE site, DOE
has traditionally treated all workers at that facility and workers at other facilities
within the site (co-located workers) as general employees who may receive an
occupational exposure. NRC would treat all workers outside the facility as
members of the public, unless they have been given appropriate radiation safety

2 Proposed Rulemaking - Revised Requirements for the Domestic Licensing of Special Nuclear Material, SECY-98-
185, U.S. Nuclear Regulatory Commission, Washington, D.C., July 30, 1998.

® Proposed Rulemaking - Revised Requirements for the Domestic Licensing of Special Nuclear Material, SECY-99-
147, U.S. Nuclear Regulatory Commission, Washington, D.C., June 2, 1999.

%65 FR 56211, September 18, 2000.

5 External Regulation of Department of Energy Nuclear Facilities: A Pilot Program, NUREG-1708, U.S. Nuclear
Regulatory Commission, Washington, D.C., July 1999.
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training (10 CFR Part 19, which is similar to the training required by DOE
regulation 10 CFR Part 835 for general employees). DOE has expressed a concern
that if NRC treated co-located workers as subject to the public dose limit, it might
need to substantially revise many of its accident analyses.

“However, if DOE complies with Part 835 by giving radiation training to its
general employees, including its co-located workers, and making provisions to
evacuate visiting members of the public, there should be no difference between
NRC and DOE positions.”

The NRC staff stated that the concern was focused on treating CLWs as subject to the public
dose limits when performing safety analyses. The task force also came to a similar conclusion as
SECY-98-038, that if DOE complies with Part 835, there should be no difference between NRC
and DOE positions.

DNFSB Position on CILLWs

The Defense Nuclear Facilities Safety Board (DNFSB) has also addressed the issue of co-located
workers at DOE sites®. The DNFSB stated that the issue is the protection of CLWs from the
possible harmful effects of nuclear radiation at DOE facilities. The report recognized that despite
the ongoing discussions on the CLW issue, the DOE system that has been in effect has been
successful. The report states: “There is no pattern of personal injury from nuclear radiation
among co-located workers at DOE’s defense nuclear facilities and sites, nor is there such a
pattern among other groups of individuals at or near the sites.” The report describes the
integrated safety management approach that ensures the protection of all individuals, including
the facility workers, the co-located workers, and the public. Although the report focuses on
DOE’s integrated, protective system, it is also directly applicable to the safety process prescribed
by NRC regulations.

Additional Considerations

As NRC stated in publishing the final rule for Part 70, “[t]he licensee can set the controlled area
at any location around its facility as long as it maintains control of that area as specified in Part
20 and retains the authority to exclude or remove personnel and property from the area. If the
controlled area included the nearby Department of Energy (DOE) facilities, then NRC would
consider the personnel working at those facilities to be “workers” for the purposes of the
performance requirements of Sec. 70.61, provided the conditions of Sec. 70.61(f)(2) are met.” If
the NRC staff makes an interpretation under Part 20, that during normal operations the personnel
working at nearby DOE facilities are “members of the public”, there is an inconsistency in
terminology and application of the two regulations (Part 70 and Part 20).

Treating SRS workers as “members of the public” during normal operations results in a conflict
between federal agencies. As discussed earlier, the DOE does not consider co-located workers or

® Protection of Collocated Workers at the Department of Energy’s Defense Nuclear Facilities and Sites,
DNFSB/TECH-20, Defense Nuclear Facilities Safety Board, Washington, D.C. February 1999.
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general site workers to be “members of the public.” This situation would result in inconsistent
interpretation of analogous (virtually identical) language in the two regulations, Part 20 and Part
835. This inconsistency between NRC and DOE would also result in different reporting
requirements with regard to public exposure. The Savannah River Site currently reports public
exposure at the site boundary (MFFF controlled area boundary). An interpretation by the NRC
staff that “members of the public” (i.e., site workers) are inside the SRS site boundary would
result in inaccurate and inappropriately skewed MFFF public exposure reporting. DCS believes
it makes regulatory sense for the NRC and the DOE to have a similar reference for measuring
and reporting public dose. The SRS site boundary is also well recognized by other federal and
state agencies. For example, the Environmental Protection Agency (EPA) applies the
requirements of the Clean Air Act at the boundaries of the SRS. EPA and the state and county
emergency preparedness agencies also apply emergency preparedness requirements at the SRS
site boundary for protective actions for members of the public. Finally, the different
interpretations of where the members of the public actually reside, obscures the fact that the
same degree of protection is provided to MFFF workers, SRS workers, and the public under both
NRC and DOE regulatory regimes. This situation could potentially erode stakeholder perceptions
associated with nuclear safety.

Summary

The preceding paragraphs describe various NRC and DOE documents that support DCS’
licensing approach that SRS workers who are outside the MFFF restricted area, but within the
controlled area boundary are appropriately deemed to be “workers.” Labeling these individuals
as “members of the public” is inconsistent with Part 70 and would be a source of potential
confusion to the many stakeholders involved with the licensing of the MFFF or regulation of the
Savannah River Site. Finally, the documents referenced above all acknowledge that both the
DOE and NRC radiological practices ensure the safety of facility workers, site workers (co-
located workers), and the public. DCS fully intends to meet the requirements of Part 20 and
Part 70.

Action:

None
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2. Section 1.1.2.1, pp. 1.1-1 thru 1.1-2

Revise the description of the controlled area boundary to include only those areas to which Duke
Cogema Stone & Webster (DCS) can limit access for any reason.

Section 70.61(f) states that each licensee must establish a controlled area for which they retain
the authority to exclude or remove personnel and property. The area that is defined by DCS in
Section 1.1.2.1 includes areas within the Savannah River Site that the DOE does not currently
control access by physical structures, such as gates, barriers or fences. This includes, for
example, the area north of South Carolina Route 278 and the area southwest of South Carolina
Route 125.

Response:

DCS believes the controlled area boundary as described in the CAR is consistent with the
regulations. The draft rule contained in SECY-98-185, Proposed Rulemaking - Revised
Requirements for the Domestic Licensing of Special Nuclear Material (dated July 30, 1998), did
include the definition for a physical barrier for (what was then called) the Controlled Site
Boundary. However, the final rule (65 FR 56211) specifically did not include such a
requirement. Rather, it included the provisions of 10 CFR §70.61(f), with which DCS intends to
comply through the implementation of §70.61(f)(2). The subject of Controlled Site Boundary
and Controlled Area was discussed in a March 24, 1999, public meeting concerning the Part 70
rulemaking. The transcript reveals that the NRC distinguished between a Controlled Site
Boundary (i.e., consisting of physical barriers) and a Controlled Area. The deletion of the
Controlled Site Boundary (requiring a physical barrier) occurred in SECY-99-147 (June 2, 1999)
and the wording in the final rule is essentially the same as that in the June 1999 draft.

Limited access to certain areas of the Savannah River Site is provided to non-workers and
members of the public; the controls associated with such access are as described below. The SRS
boundary established by the Department of Energy is recognized by other federal and state
regulatory agencies as a controlled boundary. The DOE either directly controls access to all
areas of the site via fences and checkpoints, or indirectly through procedures in place for those
limited situations where access is provided to non-badged personnel. The protocol described in
Section 1.1.2.1 of the CAR will provide for MFFF integration with the existing SRS programs
that ensure protection of the general public (non-badged personnel) during these times of site
access.

The general public has limited access to certain areas of the site through travel on four roadways,
controlled using appropriate warnings and advisories, use of barricades when necessary, and
procedures for the SRS security contractor and offsite law enforcement authorities to close down
roads and/or implement immediate access control measures, if necessary.

DOE conducts annual hunts to reduce the site’s deer population for approximately 30 days per
year. These hunts are strictly controlled: hunters are briefed on how they will be notified in an
emergency, transported to the hunt site by SRS personnel, placed in pre-determined locations
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(where they remain for the duration of the hunt), notified and collected in the event of an
emergency.

The South Carolina Department of Natural Resources (SCDNR) manages the Crackerneck
Wildlife Management Area and Ecological Reserve, a tract of land south of Jackson off SC125,
bounded by Three Runs Creek, the Savannah River, and the site boundary. Access roads are
equipped with unmanned barricades, limiting travel from SC125. For 45 days each year,
SCDNR opens Crackerneck to hunters, and on Saturdays, the area is also opened for recreational
use (e.g., hikers, bikers, etc.). On the days that Crackerneck is open, SCDNR staffs the entrance,
requires visitors to sign in and out, and provides safety and emergency alerting information.
SCDNR officials carry remote worker pagers while at SRS. In addition, the SRS security
contractor would dispatch vehicles across the Crackerneck road network, using a combination of
a hi-lo siren and public address system announcements to alert visitors to an emergency.

The CSX has right-of-way for two rail routes that run through the site — a line between Florence,
SC, and Augusta, GA; and a main line between Yemassee, SC, and Augusta. The two lines join
within the site boundary. Early in 1989, CSX discontinued service on the line from this SRS
junction to Florence. The Yemassee-Augusta line remains active with U.S. Department of
Transportation-regulated commercial rail shipments traversing the site regularly. The CSX
Switching Yard in Augusta maintains radio communications with trains in their jurisdiction, and
will divert rail traffic before it enters the site in the event of an emergency. CSX would also be
able to identify trains that are on the site at the time of the emergency to verify rapid transit.

When site visitors are issued temporary badges, they receive printed materials that include
instructions on the alerting signals used onsite and appropriate actions to take; SRS hosts are
responsible for the visitors in their care.

Non-DOE workers who conduct regular business onsite are required to take annual training
analogous to that received by DOE employees and contractors. Such workers are afforded
unescorted access only to the general site and specific work sites. These badged workers include
the D-Area Powerhouse Staff, University of Georgia Ecology Laboratory Staff, U.S. Forest
Service, Three Rivers Landfill Staff, vendors (e.g., food service, vending machines, pest control,
etc.), and various state and county agency representatives.

Action:

None
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3. Section 1.1.2.1, pp. 1.1-1 thru 1.1-2

Complete the description of the 10 CFR 70.61(f) protocol described in Section 1.1.2.1 to include
members of the public who are in the controlled area and outside the Savannah River Site
F-Area.

Section 70.61(f) describes a method of complying with the 10 CFR 70.61 performance
requirements when non-workers are expected to perform ongoing activities in the controlled
area. It is NRC policy that individuals who are not closely and frequently connected to the
licensed activity should be considered members of the public. Therefore, though Section 1.1.2.1
describes a protocol that the applicant intends to use to justify the application of performance
requirements for workers to individuals in the Savannah River Site F-Area, the applicant should
also describe whether or not performance requirements applicable to individuals outside the
controlled area will be applied to non-workers on the Savannah River Site outside F-Area.

Response:

The response to Question 1 provides the basis for DCS’ position that SRS workers are not
“members of the public.” The response to Question 2 identifies the instances where the general
public may have limited access to certain areas of the Savannah River Site.

The protocol described in Section 1.1.2.1 will provide for integration with the existing SRS
programs that ensure protection of the general public (non-badged personnel) during these times
of site access.

Action:

Revise the description of the DCS/DOE protocol described in Section 1.1.2.1 to state that the
protocol will provide for MFFF integration with existing SRS controls established for general
public access to the site.
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4. Section 1.2.1, pp. 1.2-1 thru 1.2-2

Provide information on the presence and operations of any other companies on the site. Ifno
such companies or operations are applicable, the application should so state.

NUREG-1718, “Standard Review Plan for the Review of an Application for a Mixed Oxide
(MOX) Fuel Fabrication Facility,” (SRP) Section 1.2.3.A.vi indicates that information of the
presence and operations of any other companies on the site is needed to review institutional
arrangements. The application has not provided information on the presence and operations of
other companies.

D P Y
Response:

During construction, DCS anticipates approximately eight major subcontractors will be on site.
During operation, it is anticipated that some of the support services (e.g., security, laundry) will
be subcontracted; however, DCS will be the operator of the facility. No subcontracts have been
issued yet; therefore, the identity of companies that will be on site is not yet known. Please refer
to Section 4.2 of the CAR for an explanation of the arrangements that will be in place with
subcontractors.

Action:

None
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5. Section 1.1.3.5.3, p. 1.1-6

Specify the location where radioactive solid waste is sorted, packaged or stored until transferred
to DOE facilities.

Sections 7.4.3.2.C and 7.4.3.2.F of the SRP recommend that information be provided on fire
resistivity and combustibility of radioactive waste and radioactive material storage facilities.
The application does not describe fire protection measures for the temporary storage of
radioactive solid waste.

Response:

Radioactive waste sorting, counting, and storage are performed in the Waste Air Lock (Room
B-255), Counting Room (Room B-253), and Waste Storage Room (B-254) located together in
the MOX Processing Area. Packaged radioactive 55-gallon waste drums from the process rooms
are sent to the Waste Air Lock. The waste drums are screened in the Waste Air Lock for
criticality safety as part of the sorting process. Full pallets (containing four waste drums) or
individual drums can be sent from the Waste Air Lock to the nuclear counting unit in the
Counting Room for neutron counting and gamma spectrometry. After counting, the waste drums
are returned to the Waste Air Lock in order to be sorted by the nature of the waste contained and
placed on segregated pallets. The drums remain in the Waste Air Lock until a pallet is full.

After waste pallets are full, they are sent to the Waste Storage Room where they are stored prior
to shipment to DOE.

The combustible solid radioactive waste in the waste drums is primarily composed of discarded
gloves, disassembled HEPA filters, and HP sampling media (air filters and smears). The Waste
Air Lock, Counting Room, and Waste Storage Room are separate fire areas. Each of these fire
areas is protected by automatic non-halogenated clean agent suppression systems. The passive
fire protection features in these waste rooms, which have a minimum fire rating of two hours,
include walls, floors, ceilings, penetrations, and doors separating each of these rooms from other
fire areas.

Action:

The information presented in this response will be incorporated into the next amendment of the
CAR.
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6. Section 1.2.4.1, p. 1.2-3

Address the requirements in 10 CFR 70.17 in an exemption request applicable to the submittal of
a decommissioning funding plan.

Under 10 CFR 70.25(a), a applicant for a specific license for possession and use of unsealed
special nuclear material having the possession limits requested must provide a decommissioning
funding plan. In the application, DCS requested an exemption stating that the facility will be
turned over to DOE at the conclusion of the contract and DOE will assume responsibility for
decommissioning.

Response:

DCS will submit under separate cover a request for a license condition as stated in CAR Section
1.2.4.1, along with a request for exemption from the requirements of 10 CFR § 70.38 and 10
CFR § 70.25(a)-(f) relating to the responsibility for decommissioning and maintaining
decommissioning funding. (Note: the exemption is not being sought from the record keeping
requirements of 10 CFR § 70.25(g)).

Action:

DCS will submit an exemption request under separate cover no later than submittal of its license
application for the possession and use of special nuclear material.
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7. Section 1.2.4.2, p. 1.2-3

Address the requirements in 10 CFR 70.17 in an exemption request apphcable to using DOE
authority under the Price Anderson Act for liability coverage.

Under 10 CFR 140.13a, applicants for plutonium processing and fuel fabrication plants must
provide protection in the form specified in 10 CFR 140.14 in the amount of $200,000,000. In the
application, DCS is proposing to request an exemption from the regulations to use the DOE
provisions of the Price Anderson Act for liability coverage. In Section 2.5 of the application, the
applicant describes the intended arrangements with DOE for indemnification.

Response:

As discussed in CAR Section 1.2.4.2, DCS will submit, pursuant to 10 CFR 140.8, a request for
exemption from the requirements of 10 CFR 140. Since the Price Anderson liability coverage 1s
for nuclear liability, it is not required for construction authorization. (Based on

10 CFR 140.2(a)(3), Part 140 applies after receipt of a possession and use license.)

Action:

DCS will submit an exemption request under separate cover no later than submittal of its license
application for the possession and use of special nuclear material.

DCS will revise CAR Section 1.2.4.2 in the next CAR update to delete the phrase “If the NRC
determines that the financial protection requirements of 10 CFR 140 apply to the MFFF.”
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8. Section 1.3.2.1.2, p. 1.3.2-2

Revise the statement in Section 1.3.2.1.2 which states "There are no facilities or populations
within 5 mi (8 km) of the MFFF site that are not part of the Savannah River Site complex," to
include the 1,400 acre Three Rivers Solid Waste Authority landfill.

Section 1.3 of the SRP requests that the applicant provide a description, distance, and direction to
nearby public facilities. The Three Rivers Solid Waste Authority landfill is located north of
Upper Three Runs creek and east of South Carolina Route 125.

Response:

The Three Rivers Landfill is operated by the Three Rivers Solid Waste Authority, but 1s still
controlled by DOE. It is approximately 4 miles west of the MFFF site. The Three Rivers
Landfill is part of the Savannah River Site complex and access is controlled consistent with SRS
procedures. Therefore, the statement in CAR Section 1.3.2.1.2 is considered correct without
change.

Action:

None
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9. Section 1.3.3.4.1, p. 1.3.3-3

Provide the maximum rotational speed (Vqt), the maximum translational speed (Vir), the radius
(Ryy,) of maximum rotational speed in the Table 1.3.3-7, and the equations for atmospheric
pressure change (APC) and the rate of APC in the Table 1.3.3-8.

Regulatory Guide 1.76 provides design basis tornado characteristics of maximum wind speed,
maximum rotational speed, maximum translational speed, radius of maximum rotational speed,
pressure drop, and rate of pressure drop. However, the Table 1.3.3-8 did not provide these
characteristic and equations for pressure drop and rate of pressure drop. The staff could not
verify the 70 psf at 31 psf/sec for PC-3 and 150 psf at 55 psf/sec for PC-4 without Vo, Vir, Rms

and corresponding equations.
Response:

The parameters are based on the methodology used in “Assessment of Tornado and Straight
Wind Risks at the Savannah River Site” (McDonald, 1982) and “Natural Phenomena Hazards
Modeling Project: Extreme Wind/Tornado Hazards Models for Department of Energy Sites”
(Coats and Murray, 1985) . The values of the parameters for the PC-3 and PC-4 design basis
tornado (DBT) speeds of 180 and 240 miles per hour (mph) are given below.

Parameter PC-3 PC-4
Vmax = DBT, mph 180 240
V, = Maximum Translational Speed, mph 50 50
V.o = Maximum Rotational Speed, mph 130 190
= Viax - Vi

Vo = Maximum Tangential Speed, mph 115.7 169.1
=0.89 x Vo

APC = Maximum Atmospheric Pressure Change, | 68.5 146.4
psf=0.00238 x (V) X (5,280/3,600)

rounded up to 70 150
Riax = Maximum Radius, ft 165 195
Rate of Pressure Drop, psf/sec 31 55

= APC x (Vi/ Rmax) X (5,280/3,600)

The tornado characteristics in Regulatory Guide 1.76 are based on an annual exceedance
probability of approximately 1E-07. Since Regulatory Guide 1.76 was issued (in 1974), much
has been learned regarding tornado effects (from an engineering perspective) that suggests
adoption of larger exceedance probabilities. Some increase over 1E-07 is justified, particularly
for facilities that pose substantially smaller risks than commercial nuclear power plants.

As noted in CAR Section 1.3.3.4.1, the recurrence frequency for tornado events for the MFFF is
selected to be 2E-06, comparable to the PC-4 criteria described above. This recurrence
frequency is more consistent with later NRC sponsored studies such as NUREG CR-4461,
Tornado Climatology of the Contiguous United States. In addition, this recurrence interval is
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comparable to that used for DOE reactor facilities. Design for this magnitude of tornado event
ensures that high consequence tornado-induced events will be highly unlikely.

References:

Coats, D. W. and R. C. Murray, 1985, “Natural Phenomena Hazards Modeling Project: Extreme
Wind/Tornado Hazards Models for Department of Energy Sites”, UCRL-53526, Rev. 1,
Lawrence Livermore National Laboratory, University of California, August 1985.

McDonald, J.R., 1982, “Assessment of Tornado and Straight Wind Risks at the Savannah River
Site”, October 1982.

NUREG CR-4461, Tornado Climatology of the Contiguous United States
Action:

None
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10. Section 1.3.3.4.1, p. 1.3.3-3

Provide the justification for the missile criteria in Table 1.3.3-8.

For example, the impacting velocity for an automobile in Table 1.3.3-8 is about 10 percent of
design basis tornado windspeed. Section 3.5.1.4 of SRP recommends all plants be designed to
protect safety-related equipment against damage from missiles which might be generated by the
design basis tornado for that plant. They should include at least three objects: a massive high
kinetic energy missile (4000 lb. automobile) which deforms on impact, a rigid missile (125 kg
8" armor piercing artillery shell) to test penetration resistance, and a small rigid missile (1" solid
steel pipe) of a size sufficient to just pass through any openings in protective barriers, all
impacting at 35 percent of the maximum horizontai windspeed of the design basis tornado. They
are assumed to have the same velocity in all directions. The automobile impact should be
considered at elevations up to 30 ft above all grade levels within 0.5 mile of the facility
structures, and the other missiles at all elevations.

Response:

The design basis straight-line wind and tornado missiles, except for the PC-3 tornadic
automobile missile, are based on the DOE-STD-1020 (DOE, 1996) requirements for PC-3 and
PC-4 DOE sites. McDonald (McDonald, 1999) provides a rationale for the PC-3 and PC-4
design basis missiles criteria for DOE sites in relation to the observed data for tornadoes and
results of simulation studies. Sections 2.7 and 3.8.4 of the McDonald report (McDonald, 1999)
summarize the basis for the DOE missiles and for the corresponding speeds, respectively. As
noted in the response to Question 9, tornado criteria for the MFFF have been selected based on a
recurrence frequency of 2E-06/yr.

In the comprehensive report (McDonald, 1999), McDonald observes that the design basis missile
criteria for DOE sites are different from the U.S. NRC criteria for nuclear power plants. Section
1.4 of the report (McDonald, 1999) addresses specifically NUREG-0800 3.5.1.4 criteria. The
DOE criteria are more appropriate, the report (McDonald, 1999) states, because the missiles are
selected based on field observations, and the level of risk is different from nuclear power plants.
Similarly, the design basis tornado speeds are lower than those in the U.S. NRC criteria for
reactors.

The PC-3 tornadic missile of an automobile weighing 3,000 pounds, not given in DOE-STD-
1020 (DOE, 1996), represents large heavy missiles that roll and tumble along the ground
(McDonald, 1999). Its design basis speed is based on the recommendation of McDonald-Mehta
(McDonald-Mehta, 1997).

The missile criteria in Table 1.3.3-8 are appropriate for SRS and adequately represent the three
types of missiles identified in NUREG-0800. These are a massive high kinetic energy missile
that deforms on impact, a rigid missile to test penetration resistance, and a small rigid missile of
a size sufficient to just pass through any openings in protective barriers.
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References:

DOE, 1996, US Department of Energy, “Natural Phenomena Hazards Design and Evaluation
Criteria for Department of Energy Facilities”, DOE-STD-1020-94, Change Notice 1, January
1996.

McDonald, J.R., 1999, “Rationale for Wind-Borne Missile Criteria for DOE Facilities”, UCRL-
CR-135687, S/C B505188, September 1999.

McDonald-Mehta, 1997, “Tornado Hazard Assessment”, Memorandum of November 7, 1997
from McDonald-Mehta Engineers to B. J. Gutierrez of DOE/SR related to the Accelerator
Production of Tritium (APT) project.

Action:

None
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11. Section 1.3.3.4.2, pp. 1.3.3-3 and 1.3.3-4

Justify the straight-line wind speeds in Table 1.3.3-7.

The Section 3.3.1 of SRP recommends the design wind speed be 100-year return period fastest
mile of wind. American Society of Civil Engineers (ACSE) 7-98 provides map of basic wind
speeds of 50-year return period fastest mile of wind for U.S., which have to be converted to
100-year return period fastest mile of wind. For example, the ACSE 7-98 shows about 100 mph
with annual probability of 0.02 for MFFF location. With annual probability of 0.01, the

ASCE 7-98 wind speed might be 115 mph (i.e., 1.15 x 100 mph). However, the Table 1.3.3-7
shows 88 mph with annual probability of 0.01. Therefore, the adequacy of the Table 1.3.3-7 1s
questionable.

Response:

The values for the estimated maximum 3-second gust straight wind speeds in Table 1.3.3-7 are
based on the site-specific investigation reported in “Tornado, Maximum Wind Gust, and
Extreme Rainfall Event Recurrence Frequencies at the Savannah River Site” (Weber et al,,
1998). The estimates provided in the table for straight wind are generated from a Fisher-Tippet
Type I extreme value distribution function using historical wind speed (gust) data from Savannah
River Site and the surrounding region (Weber et al., 1998). The methodology (Weber et al.,
1998) is consistent with the Department of Energy criteria for site hazard characterization (DOE,
1996).

ASCE 7 maps are based on a similar methodology. However, their grid may not be as finely
divided and likely does not include as much local data as the Savannah River Site report (Weber
et al., 1998). Commentary to ASCE 7 states, in part “There was insufficient variation in 50-year
speeds over the % of the lower 48 states to justify contours. The division between the 90 and 85
mph ... regions, which follows state lines, was sufficiently close to 85 mph contour...” Section
6.5.4.2 of ASCE 7 allows estimation of basic wind speeds from regional climatic data subject to
the cautions indicated in its commentary on the section.

References:

DOE, 1996, US Department of Energy, “Natural Phenomena Hazards Site Characterization
Criteria”, DOE-STD-1022-94, March 1994, Change Notice 1, January 1996.

Weber, A.H., et al, 1998, “Tornado, Maximum Wind Gust, and Extreme Rainfall Event
Recurrence Frequencies at the Savannah River Site”, WSRC-TR-98-00329, Westinghouse
Savannah River Company, Aiken, SC.

Action:

None
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12. Section 1.3.6, pp. 1.3.6-1 thru 1.3.6-86

Provide the following items for the Probabilistic Seismic Hazard Assessment (PSHA):

a. PSHA inputs (e.g., logic tree or what other input was used to define the input distribution
parameters).

b. Integrated PSHA hazard curves at several important frequencies (e.g., Peak Ground
Acceleration, 1, 2.5, 5 and 10 Hz) for both rock and soil surfaces.

c. Magnitude-distance desegregation results.

d. Uniform hazard spectra for both rock and soil surfaces.

The application states that, "An SRS-specific PSHA was developed using bedrock outcrop EPRI
and LLNL hazards and SRS site-specific properties including soil column thickness..." yet the
relevant inputs and hazard results of these original probabilistic seismic hazard analyses were not
provided. These items are essential for evaluating the adequacy of the PSHA, PSHA results, and
whether these results are applicable to the seismic design of a particular site, as delineated in
Position 3 of Regulatory Guide 1.165 (U.S. Regulatory Commission, 1997b), Section 2.5.2
(Vibratory Ground Motion) of NUREG-0800 (U.S. Regulatory Commission, 1997¢), and
Section 7 (Guidance on Documenting the PSHA Process and Results) of NUREG/CR-6372 (U.S.
Nuclear Regulatory Commission, 1997a).

Response:

Response to this Question is provided in two parts. The first portion directly responds to the
technical questions posed in items 12a through 12d above. In these responses, DCS describes
the PSHA that has been performed to develop criteria for site-wide application with DOE
facilities at SRS. The responses to Question 14 and Question 15 demonstrate that these criteria
are also appropriate for the MFFF site, and that a further MFFF site-specific PSHA is not
required.

The second portion of the response to this question addresses the issue raised in the Question’s
commentary about lack of clarity in explaining PSHA methodology and approaches. In response
to this issue, a new CAR section is proposed to supplement information already presented. This
new section provides a "roadmap" to the PSHA process, and draft CAR text is provided after the
References following Response 12d below.

Response 12a.

The Electric Power Research Institute (EPRI) and the Lawrence Livermore National Laboratory
(LLNL) seismic hazard studies conducted for the eastern U.S. from the mid 1980s to early 1990s
were the PSHAs used to develop design spectra at the SRS (WSRC, 1997). The basis for the use
of the arithmetic mean of the two PSHAs is contained in USDOE (1996). This response and the
response to Question 19 will point to particular sections as necessary in the EPRI and LLNL
documentation rather than repeating or duplicating material. Where requested information is not
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in the original reports and is available, this information is provided herein. Where requested
information is not available, it is so noted. The development of design spectra at the SRS is
discussed in the response to Question 19d.

The discussions of the PSHA inputs are treated separately for EPRI and then LLNL. Note that in
the development of the SRS design spectra, the DOE contracted separately to Jack Benjamin and
Associates and the LLNL to provide hard rock results for the SRS. SRS central site coordinates
were used for the computation of EPRI and LLNL bedrock PSHAs. While the SRS results are
not specifically documented in the EPRI and LLNL reports, the PSHA for the deep soil site plant
Vogtle site (located approximately 19 km west of the center of the SRS) are contained in both
the EPRI and LLNL documentation. Because of the close proximity of the Vogtle site to the
SRS, references to data summaries and results for site Vogtle will be used.

EPRI (1988)

The EPRI (1988) PSHA for the Eastern U.S. is documented by volume by the six consulting
companies independently contracted to conduct the study. The specific volume containing the
seismogenic models for each company is as follows:

Team # Company EPRI (1988) Reference Vol #
1 Weston Geophysical 5
2 Dames and Moore 6
3 Law Engineering 7
4 Woodward-Clyde 8
5 Bechtel 9
6 Rondout 10

Each of these volumes, corresponding to a consulting company team contains the seismogenic
maps (source zones), alternate source zones, magnitude distributions, and rates of seismicity
distributions for each zone. Although “logic trees” were not illustrated in these reports, the
reports contain much of the basis for decision-making logic tree. Details of the rates of
seismicity and the maximum magnitude used by each team are contained in the volumes
identified above. Seismic source breakdown and magnitude distribution for the Vogtle site are
listed in Vol. 4, Table 6-6e. Sensitivity of the Vogtle hazard to source combination by team is
illustrated in Vol. 4, Figures 6-6¢ through 6-6j. Sensitivity to maximum magnitude at Vogtle is
illustrated in Vol. 4, Figures 6-6k through 6-6p. Sensitivity to seismicity option is illustrated in
Vol. 4, Figures 6-6q through 6-6v. Note that the surface hazard results for the Vogtle site were
completed using a generic deep soil site response. The generic site response was not site-specific
(to Vogtle or the SRS) and is unconservative at some oscillator frequencies. For this reason,
hard rock PSHAs were used and site-specific corrections were applied for the SRS.

In the development of the seismogenic zones, all six teams confined the “Charleston” source
zone to the Charleston area and/or to the central South Carolina coastal area for their base-case
seismic zonation maps. This effectively limits the exposure of higher seismic hazard to the
coastal and central areas of the state of South Carolina.
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LILNL (1989, 1993)

The LLNL study was funded by the NRC to conduct an expert opinion based PSHA for the
eastern U.S. nuclear power plants. Because of significant differences in the uncertainties
portrayed by the results, the DOE funded an additional analysis to update the attenuation and
seismicity models. This update also used a generic soil-site response model. Subsequently, the
SRS-specific hard-rock PSHA was completed in 1996.

The LLNL hazard methodology and input data used for the SRS is reported in Savy et al. (1993),
will hereafter be referred to as LLNL93. LLNL93 documents the ground motion and seismicity
elicitation workshops and updates the previous LLNL report (Bernreuter et al., 1989) (hereafter
referred to as LLNL89).

Section 2 of LLNL89 provides a complete description of the methodology used in the calculation
of PSHA, including a description of how uncertainty and expert opinion are treated. The PSHA
inputs are described in Section 3. Section 3 documents the elicitation, including questionnaires,
ground motion (Table 3-2) and seismicity experts (Table 3-1), seismic zonation maps (Appendix
B), and rates of seismicity (Appendix B). Section 4 makes comparisons to earlier LLNL studies
but does not include the Plant Vogtle site. The Plant Vogtle soil surface results are given in
section 2.16 of Volume 3. The seismicity models and ground motion models contained in
LLNL89 were updated in LLNL93; consequently, the results contained in LLNL&9 were
superseded by LLNL93. However, much of the methodology and the seismic zonation maps
contained in LLNL89 were used unchanged in LLNL93.

Of the 11 seismicity experts used in LLNL89, all experts except Nos. 6 and 11 confined the
“Charleston” zone to the Charleston, SC area and/or the central South Carolina coastal area for
their base seismic zonation maps. Expert 6 used a considerably larger area for the “Charleston”
zone that covered a significant portion of the state of South Carolina. Expert 11 used a
“Charleston” zone that covered most of the Coastal Plain from Alabama to Virginia.

The seismicity elicitations revised in LLNL93 are contained in Appendix B of that report.
Tables A1 through A13 contain the expert seismicity and magnitude distributions. Soil surface
PGA hazard for the Plant Vogtle site is contained in Appendix E.

Response 12b.

EPRI hard-rock mean and fractile hazard for the SRS are illustrated in the attached Figures la,
1b, 1c, 1d, and le corresponding to 1-, 2.5-, 5-, 10-Hz and PGA, respectively.

LLNL hard-rock mean and fractile hazard for the SRS are illustrated in the attached Figures 2a,
2b, 2c, 2d, 2e, and 2f corresponding to 1-, 2.5-, 5-, 10-, 25-Hz and PGA, respectively.

Corresponding EPRI and LLNL SRS hazard curves for generic soil are currently unavailable.
Efforts are underway to collect this information. Note that this information was not used in the
development of SRS design criteria. WSRC (1997) describes development of PC-3 and PC-4
design spectra.
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Response 12¢.

EPRI hard-rock mean hazard deaggregation for the SRS are illustrated in the attached Figures 3a,
3b, 3¢, 3d, and 3e corresponding to 1-, 2.5-, 5-, 10-Hz and PGA respectively. The
deaggregations are at the annual probability of exceedance of approximately 107,

LLNL hard-rock mean hazard deaggregation for the SRS are illustrated in the attached Figures
4a, 4b, 4c, and 4d corresponding to 1-, 2.5-, 5- and 10-Hz respectively. The deaggregations are
at the annual probability of exceedances of approximately 2x10-4.

Corresponding EPRI and LLNL deaggregations for generic SRS soil are currently unavailable.
Efforts are underway to collect this information. Note that this information was not uscd in the
development of SRS design criteria. WSRC (1997) describes development of PC-3 and PC-4
design spectra.

Response 12d.

EPRI mean and fractile hard-rock uniform hazard spectra (UHS) for the SRS are illustrated in
the attached Figure 5 for an approximate annual probability of exceedance of 10-4.

LLNL mean and fractile hard-rock UHS for the SRS are illustrated in the attached Figure 6 for
an approximate annual probability of exceedance of 10-4.

Combined EPRI and LLNL mean hard-rock UHS are given in WSRC (1997).

Corresponding EPRI and LLNL UHS for generic soil are currently unavailable. Efforts are
underway to collect this information. Note that this information was not used in the development
of SRS design criteria. WSRC (1997) describes development of PC-3 and PC-4 design spectra.

References:

Bernreuter, D.L., J.B. Savy, R.-W. Mensing and J.C. Chen, 1989. Seismic Hazard
Characterization of 69 Nuclear Power Plant Sites East of the Rocky Mountains, NUREG/CR-
5250, UCID-21517.

Electric Power Research Institute, 1988. Seismic Hazard Methodology for the Central and
Eastern United States, Vol. 1-10, NP-4726.

Savy, J.B., A.C. Boissonnade, R.W. Mensing and C.M. Short, 1993. Eastern U.S. Seismic
Hazard Characterization Update, Lawrence Livermore National Laboratory, July 20, 1993.

U.S. Department of Energy, 1996. DOE Standard: Natural Phenomena Hazards Assessment
Criteria, DOE-STD-1023-95, Change Notice #1, Washington, D.C., January 1996.

WSRC, 1997. SRS Seismic Response Analysis and Design Basis Guidelines, WSRC-TR-97-
0085, Rev. 0.
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Draft New CAR Section

To clarify the process used in developing the site-wide PSHA and design criteria, a new
subsection will be added to the CAR (in Section 1.3.6). Content of this new section will be
structured similar to the text presented below.

1.0 Introduction

WSRC has used a disciplined, systematic approach to develop the PC-3 and PC-4 site-
wide design spectra. This approach has included the contributions of national and
international consultants, oversight groups and panels that validated the WSRC
procedure(s) and resuits. It is this baseline data that has been made available to the
MFFF project for selection of design bases for the MFFF. The following sections
provide the various elements of the PSHA process used to develop the PC-3 and PC-4
seismic design spectra and the regulatory approach to select the MFFF seismic design
spectra.

2.0  Roles and Responsibilities of Participants and Consultants

2.1 General - This section provides insight into the participants and consultants that
contributed to the development of the SRS PC-3 and PC-4 seismic design spectra that
form the technical basis for selecting the MFFF Design Earthquake. This section
highlights the input of participants and consultants used to characterize the SRS bedrock
geology and soils, seismic sources, attenuation relationships and static and dynamic
properties of the Savannah River Site (SRS) soil profile. The development of the PC-3
and PC-4 Seismic Design Spectra is documented in WSRC, 1997 prepared by the Site
Geotechnical Services (SGS) Department of Westinghouse Savannah River Company
(WSRC).

2.2 Introduction - SGS was formed in 1992 to provide geological, seismological,
geotechnical (GSG) and geo-environmental services for the SRS under a single authority,
the Site Chief Geotechnical Engineer. Through centralization of all geoscience data into
a single database, SGS has ensured that facility safety operations, long-term
environmental restoration and remediation, and development of new missions are always
based on the most modern, comprehensive, accurate GSG data available. General areas
of SGS responsibility included:

« Develop GSG codes, standards, procedures, policies and practices;

« Manage and control of funds for sitewide efforts such as the development of seismic
design spectra;

« Define and arbitrate the final official SRS position on GSG issues; and

« Perform geotechnical and environmental engineering consulting services for the
various operating divisions at SRS.
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2.4

SGS consists of approximately sixty (60) multi-disciplined professionals with degrees in
such areas of specialty as geology, seismology, geotechnical engineering, biology,
ecology and environmental engineering.

Tier 1 Documentation — This documentation includes the reports and its appendices
prepared by WSRC’s SGS in response to sitewide ground motion initiatives and in
support of critical mission facilities. WSRC, 1997 is an example of a report prepared in
support of a sitewide initiative to develop seismic design spectra using a Probabilistic
Seismic Hazard Analysis (PSHA) approach with a deterministic historical check. Other
reports related to ground motion include WSRC, 1998 and WSRC, 1999. Supporting the
preparation of reports by SGS were experts with national and international reputations in
such areas as geology, seismology and geotechnical engineering. Table 2-1 presents a
list of consultants used to prepare major SRS reports with their areas of expertise. The
acknowledgement section in a report indicates which consultants, 1f any, contributed to
the preparation of the report. The names on the report and the approval signature(s)
indicate those who are professionally responsible for the report.

Tier 2 Documentation — This documentation consists of the much larger body of
background information that comprises the analysis documentation and the results of
reviews by various oversight groups and panels. This second—tier material is maintained
by SGS and the Site Chief Geotechnical Engineer in an appropriately accessible, usable
and (if appropriate) auditable form. In accordance with WSRC procedures, calculations
are prepared and checked as part of WSRC report preparation procedures. The
calculation (WSRC, 2001) submitted to demonstrate that the soil properties at the MFFF
site fall within the range used to develop the SRS PC-3 and PC-4 seismic design spectra
is an example of Tier 2 Documentation. Tier 2 documentation also includes the results of
reviews by oversight groups and panels.

The Defense Nuclear Facility Safety Board (DNFSB) and its staff and consultants have
been active in the oversight of seismic design activities that led to the development of the
PC-3 and PC-4 seismic design spectra. Records of DNFSB activities are available as Tier
2 documentation.

The Department of Energy (DOE) and WSRC, when appropriate, has also assembled
expert panels to support the design efforts associated with critical mission facilities.
Since 1992, DOE and WSRC assembled three expert panels to support the efforts of the
Replacement Tritium Facility (RTF) Geotechnical Investigation and In-Tank
Precipitation Facility (ITP) and H-Tank Farm Geotechnical Report. W.F. Marcuson III
and J. Mitchell formed the 1993 geotechnical panel for RTF and W.F. Marcuson III, J.
Mitchell, and G.F. Sowers formed the 1995 geotechnical panel for ITP. WSRC also
assembled a Senior Seismic Advisory Panel for the ITP project in 1994. R.J. Budnitz
(Chairman), J. Carl Stepp, J.W. Reed, J.M. Roesset, and J.H. Schmertmann were
members of the Senior Seismic Advisory Panel. The contributions of these expert panels
are documented and are similarly available as part of the Tier 2 documentation for the
RTF and ITP projects. While these expert panels did not directly contribute to the
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development of the PC-3 and PC-4 spectra, they assisted WSRC in the development of
the approach used for geotechnical investigations and seismic design of structures.

2.5 Summary — In recognition of the uncertainty in estimating annual frequencies of
earthquake-caused ground motions, WSRC's SGS developed and implemented a process
that allowed for multi-disciplinary evaluation and the development of a seismic design
bases that has kept pace and contributed to current industry technologies and practices. It
is this baseline data that has been made available to DCS and the MFFF project.
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TABLE 2-1

LIST OF CONSULTANTS

Consultant Area of Expertise

Gail Atkinson Engineering models of earthquake ground motion using
semi-empirical models

Dave Boore Engineering models of earthquake ground motion using

semi-empirical models

Kenneth Campbell

Engineering models of earthquake ground motion using
empirical data

Allin Cormnell Seismic hazard assessments, engineering seismology

Joe Fletcher Site response and seismic instrumentation

Robert Pyke Assessments of soil site dynamic characteristics and
response

S. Rouhani Statistical characterization of seismic velocity profiles

Walter Silva Engineering models of earthquake ground motion and
response spectra

Carl Stepp Seismic hazard assessments

Kenneth Stokoe

Geophysical characterization of soil and rock sites;
laboratory measurements of dynamic properties of soil
and rock samples

Pradeep Talwani

Characterization of seismic sources

Gabe Toro Statistical characterization of site properties for site
response analysis

Robert Youngs Site characterization for seismic response

John Clark Seismic Reflection and Borehole Geophysics

Allan Dennis

Structural Geology

Robert D. Hatcher

Structural Geology

Ernie Majer

Geophysics

William Domoracki

Geophysics

Carl Costantino *

Geotechnical engineering and site response

Jeff Kimball*

Seismic hazard assessments, engineering seismology,
DOE Guidance

Brent Gutierrez *

Natural hazards, DOE guidance

* DOE Reviewers
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5.1

Comparisons with Other PSHA Studies — Section 4.0 NUREG/CR-5250 (Bernreuter et
al., 1989) compares the results of NUREG/CR-5250 with previous results from LLNL

and previous studies by others. The comparisons show good agreement. Section 4.0 of
NUREG/CR-5250 provides the details.

In 1999, WSRC initiated a study to evaluate the differences between the building code
hazard assessment (National Earthquake Hazard Reduction Program) and the site-specific
hazard evaluations used for SRS building code design. Also, WSRC compared the SRS
site-specific bedrock hazard with the USGS hazard, corrected to account for SRS
conditions, (Frankel, 1999). Details regarding the WSRC study are contained in the Tier
1 Document, WSRC, 1999. For ease of reference, the results of this study are
summarized in the paragraphs that follow.

Summary of Findings — Regarding development of SRS site-specific hazard from USGS
National Map input, WSRC, 1999 concluded:

« The hard-rock PSHA is consistent with the earthquake source definition and
recurrence rates contained in the National Map but results in different hazard because
of differences in the assumed bedrock conditions. (The crustal model used for the
USGS National Map contained a low-speed gradient that is significantly slower than
the observed bedrock shear waves at the SRS);

« The USGS hard-rock hazard is close to LLNL at 2.5 and 5-Hz, but is greater than
LLNL and EPRI for 1, 10-Hz and PGA;

o The USGS hard-rock hazard is generally more conservative then either EPRI or
LLNL hazard because of a highly energetic source assumed for the Charleston zone.
(The USGS National Map available at the time for this study employed a large
magnitude earthquake (Mw=7.3) having a short return period (650 years) that occurs
in an area source zone as close as 80 km to the SRS);

« The computed USGS soil surface hazard is less than the NEHRP spectrum
recommended for shallow SRS soils;

« The computed USGS soil surface hazard is greater than the SRS design basis at 1 Hz
and

« The methodology of WSRC (1998) is useful to derive site-specific soil surface hazard
from hard-rock hazard disaggregation.

Internal Quality Control and Review — WSRC performed the work in support of the
MFFF Construction Application Request (CAR) in accordance with the WSRC Quality
Assurance (QA) program and Criterion 1-6 and 15-18 of ASME/NQA-1-1989. DCS has
approved WSRC as a supplicr of services. Section 15 in the CAR provides additional
details regarding quality control and review.

PSHA Methodology

General — A PSHA incorporates the source zone definition and ground motion prediction
assessments required for a deterministic approach, but also considers the estimated rates
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of occurrence of earthquakes, and explicitly incorporates the uncertainties in all
parameters. This approach predicts the probability of exceeding a particular ground
motion value at a location during a specified period of time. This approach is essential
for hazard mitigation of spatially distributed facilities having different risk factors. The
current DOE criteria are probabilistic based. Details of PSHA methodology 1s provided
in WSRC, 1997 and WSRC, 1998. However, for ease of reference the following
paragraphs are provided below that discuss the DOE STD-1023-95 and the SRS Site-
Specific PSHA.

DOE STD-1023-95 — This standard provides guidelines for developing site-specific
probabilistic seismic hazard assessments, and criteria for determining ground motion
parameters for the design earthquakes. It also provides criteria for determination of
design response spectra. Five performance categories are specified, from Performance
Category 0 (PCO) for SSCs that require no hazard evaluation, to design of PC4, a desired
performance level comparable to commercial nuclear power plants. These criteria
address weaknesses in prior guidance by specifying Uniform Hazard Spectrum (UHS)
controlling frequencies, requiring a site-specific spectral shape and a historic earthquake
check, to assure that the Design Basis Earthquake (DBE) contains sufficient breadth to
accommodate anticipated motions from historic earthquakes above moment magnitude
Mw) 6.

The fundamental elements of the criteria for higher hazard nuclear facilities (PC3 and
PC4) are as follows:

1. A probabilistic seismic hazard assessment (PSHA) must be conducted for the
site (or use an existing PSHA that is less than 10 years old).

2. A target DBE response spectrum is defined by the mean UHS.

3. Mean UHS shapes are checked by median site-specific spectral shapes, which
are derived from de-aggregated PSHA earthquake source parameters. The
median site-specific spectral shapes are scaled to the UHS at two specific
frequencies (average 1-2.5, and 5-10 Hz).

4. Estimated site-specific ground motions from historical earthquakes
(significant felt or instrumental with Mw > 6) are developed using best
estimate magnitude and distance.

5. Spectral shapes are adjusted until DBE response spectra have a smooth site-
specific shape.

6. Probabilistic assessment of ground failure should be applied if necessary (i.¢.,
wherever there may be instances of liquefaction or slope failure).

Recently, NEHRP-97 criteria have been adopted by WSRC and DOE for evaluation of
spectra for PC1 and PC2 facilities and structures. DOE-STD-1023-95 allows the use of
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building codes and/or alternate design criteria for PC1 and PC2 design. The NEHRP
design criteria is defined as 2/3 of the maximum considered earthquake ground motion
(i.e., 2/3 of the 2500 year UHS). WSRC, 1999 discussed in Section 3.0, provides a
comparison of the uniform hazard spectrum (UHS) derived from the computed site-
specific hazard (referred to as USGS soil surface hazard) to the NEHRP (1997) spectrum
for the SRS. This comparison was of particular interest for deep-soil eastern U.S. sites,
because it compared a building code design spectrum to a site-specific spectrum using the
same hazard model and identical criteria.

SRS-Specific Probabilistic Seismic Hazard Assessments — An SRS-specific
probabilistic seismic hazard assessment (PSHA) is critically dependent upon the local
geological and geotechnical properties at the site or facility location. Past PSHAs,
specifically those conducted by EPRI (NEIL, 1994) and LLNL (Bernreuter, 1997, Savy,
1996) for the SRS, did not incorporate these detailed site properties and consequently,
those soil hazard results were not appropriate for use at the SRS. An SRS-specific PSHA
should account for soil properties derived from site geological, geophysical, geotechnical
and seismic investigations (WSRC, 1997). An SRS-specific PSHA was developed using
bedrock outcrop EPRI and LLNL hazard and SRS site properties including soil column
thickness, soil and bedrock shear-wave velocity, and dynamic properties (WSRC, 1998).

The bedrock seismic hazard evaluations used for the SRS-specific soil surface hazard
were the EPRI and LLNL results for bedrock for the SRS and vicinity (a later evaluation
was completed using the U.S. National Map bedrock seismic hazard (WSRC, 1999;
Frankel et al., 1996). These evaluations did not revise or confirm in any way the experts’
evaluations of activity rates, seismic source zonation, or the decay of ground motion with
distance used in EPRI and LLNL seismic hazard assessments. The analysis results in an
SRS-specific hazard evaluation for a soil site by continuing the hazard from bedrock to
the soil surface using detailed soil response functions. Earthquake magnitude and ground
motion level dependence of the site response is accommodated by applying site response
functions consistent with the distribution of earthquake magnitude and ground motion
levels obtained from dissaggregating the bedrock uniform hazard spectrum.

Frequency and ground motion level dependent soil amplification functions (SAFs)
developed in WSRC (1997) were used to account for the observed variations in
properties throughout the SRS including: soil column thickness, stratigraphy, shear-wave
velocity, and material dynamic properties, as well as basement properties. SAFs
(frequency dependent ratio of soil response to bedrock input) were derived in WSRC
(1997) by performing a statistical analysis of the response of bedrock spectra through
realizable soil columns bounded by the observed variations in soil-column properties
over the SRS. Ground motion level dependent distributions of SAFs were derived for
each of 6 soil categories: three on crystalline basement and three on Triassic basement.
Those SAF distributions were used to compute soil surface hazard.

The methodology to compute soil surface hazard was formalized by Comell (1997). The
technique is to difference the bedrock hazard disaggregation for a suite of bedrock
motions and sum the probability of exceedance (POE) of surface motions using the
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6.1

appropriate magnitude and ground motion level-dependent soil/rock transfer functions.
The approach yields soil surface hazard that would be obtained from correctly applying
local site soil transfer functions to the ground motion attenuation model used in a PSHA.
The analysis is repeated at the oscillator frequencies available in the bedrock hazard
disaggregation and for each soil column thickness and bedrock type. The envelope of the
hazard curves is taken from the soil and bedrock categories.

Results

PC-3 And PC-4 Site-Wide Design Spectra - The PC3 and PC4 site-wide design spectra
fully implement DOE-STD-1023-95. DOE-STD-1023-95 specified a broadened mean-
based UHS representing a specified annual probability of exceedance (for an SSC
performance category) and a historical earthquake deterministic spectrum that ensures
breadth of the UHS. For the SRS, the deterministic spectrum is represented by a repeat
of the 1886 Charleston earthquake. The development of the SRS design basis spectra
uses a statistical methodology to verify that a mean-based response is achieved at the soil
free surface.

The EPRI and LLNL bedrock level uniform hazard spectra were averaged and broadened
per DOE-STD-1023-95. Available SRS soil data were used to parameterize the soil
shear-wave velocity profile. The parameterization was used to establish statistics on site
response for ranges of soil column thickness present at the SRS. The mean soil UHS was
obtained by scaling the bedrock UHS by the ground motion dependent mean site
amplification functions.

The soil data used to develop the sitewide spectra incorporate the available SRS velocity
and dynamic property database available to about mid-1996. The spectra are based on
soil properties and stratigraphy from specific locations at the SRS, and are parameterized
to represent the variability in measured properties. Because of the potential for variation
of soil properties in excess of what have been measured at the SRS, the design basis
spectra are issued as “‘committed” in accordance with the WSRC Quality Assurance
Manual 1Q. The open item is the soil column variability used in the calculations. To
eliminate the open item and upgrade the design basis spectrum to “confirmed,” the soil
parameters available at the specific site or facility where it is being used must be
reviewed and determined to be consistent with the data parameterized in the study. The
results of this review for the MFFEF site are provided in the Tier 2 document cited in
Section 2.4 (WSRC, 2001).

The current PC-3 and PC-4 sitewide spectra are based on the WSRC analysis developed
in 1997, and incorporates variability in soil properties and soil column thickness. The
design basis spectra for PC3 and PC4 are given in CAR Figure 1.3.6-13 and CAR Figure
1.3.6-14, respectively. Following the development of PC3 and PC4 design basis spectra
and the PC1 and PC2 design basis spectra, the DNFSB had several interactions with the
DOE and WSRC on seismic design spectra. As a result, additional conservatisms were
applied to the PC3 spectral shape at high and intermediate frequencies. The shape
change was incorporated in the Site Engineering Standard. The shape change, illustrated
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8.0

9.0

in CAR Figure 1.3.6-20, increased the low-frequency (0.1-0.5 Hz) portion of the PC-3
spectrum and also increased intermediate frequencies (1.6-13 Hz) of the design basis
spectrum.

External Peer Review — In addition to reviews conducted in development of the SRS
site-wide criteria, DCS has also initiated a series of peer reviews of appropriate technical
topics during the development of the MFFF design. The MFFF Structural Consulting
Board (SCB) was formed and chartered to provide senior oversight for overall MFFF
design approaches and to perform periodic reviews of in-process results. Members of the
SCB have included recognized industry experts such as Robert Kennedy, Carl
Costantino, and Thomas Houston, as well as subject matter experts from within the DCS
companies. SCB members have been involved in the selection of the design bases for the
MFFF, and have concurred in their selection. Similarly, before its completion, the MFFF
Site Geotechnical Report was the subject of a detailed peer review by a panel including
other industry experts including Brent Gutierrez, Phillip Kasik, Jeffrey Kimball, Michael
Lewis, and Bhasker Tripathi.

Regulatory Approach - Section 1.3.6.6 of the CAR describes selection of the Design
Earthquake for the MFFF. Soil surface hazard relationships (acceleration versus mean
annual probability of exceedance) presented in WSRC, 1998 are used to evaluate the
relative probability of exceedance of the PC-3 and PC-4 accelerations, and the
accelerations of intermediate spectra. A Regulatory Guide 1.60 horizontal spectrum
scaled to 0.2g peak ground acceleration is demonstrated to lie between the PC-3 and
PC-4 soil surface spectra. The spectral ordinates for the Regulatory Guide 1.60 spectrum
are determined to have return periods greater than 10,000-years for frequencies of
significant structural interest (2.5 Hz, 5 Hz, and 10 Hz).

After review of SRS regional hazards, DCS has determined that though near-field
earthquakes are not dominant, their contribution to the MFFF site hazard is potentially
significant. Therefore, rather than 2/3 the horizontal accelerations, the MFFF vertical
component of earthquake motion at the soil surface is selected as the Regulatory Guide
1.60 vertical spectrum scaled to 0.2g peak ground acceleration. As discussed in CAR
Section 1.3.6.6 (to be updated - Question 18), this results in vertical and horizontal
spectra that are consistent with the guidance in ASCE 4-98 and Regulatory Guide 1.60,
and appropriately consider the potential effects of near-field earthquakes.
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G Mixed Oxide Fuel Fabrication Facility
D Construction Authorization Request
STONE 8 WEBSTER Responses to NRC Request for Additional Information

13.  Section 1.3.6, pp. 1.3.6-1 thru 1.3.6-86

Clarify whether updated PSHA has been or will be conducted for the MFFF site that accounts for
soil properties derived from geological, geophysical, geotechnical, and seismic investigations
that are specific to the MFEFF site.

It appears that the applicant did not conduct an updated PSHA for the MFFF site that accounts
for soil property data that is specific to the MFFF site. Instead, the existing Lawrence Livermore
National Laboratory (LLNL) and Electric Power Research Institute (EPRI) bedrock hazard
results were used to evaluate surface uniform hazard spectra and design basis spectra. However,
on page 1.3.6-18, the application states, "The PSHA for MFFF will account for soil properties
derived from site geological, geophysical, geotechnical, and seismic investigations.” (underline
added for emphasis). This statement is misleading.

Response:

The development of the PSHA for SRS and its applicability to the MFFF site is discussed in the
responses to Questions 12, 14, 15, and 17. On 10 August 2001, DCS submitted DCS01-WRS-
DS-NTE-G-00005-C, MOX Fuel Fabrication Facility Site Geotechnical Report for NRC review.
This report contains a detailed presentation of the site investigations that have been conducted
and the results of site-specific analyses. Section 3.4 of this document also demonstrates the
applicability of the SRS site generic PSHA to the MFFF site. Section 5.0 presents subsurface
conditions at the MFEF site and demonstrates that they are consistent to subsurface conditions
that exist at the adjacent F-Area at SRS. Section 6.2 presents dynamic properties for the
subsurface soils and the one-dimensional free-field response analyses for the MFFF site.
Consequently, PSHA specific to the MFFF site is not required.

Action:

The second sentence of the first paragraph in Section 1.3.6.3.6.1 will be revised to make this
clarification in the next update of the CAR.

31 August 2001 13-1



C Mixed Oxide Fuel Fabrication Facility
D Construction Authorization Request
sront & wessTen Responses to NRC Request for Additional Information

14. Section 1.3.6, pp. 1.3.6-1 thru 1.3.6-86

Demonstrate that the current site-wide hazard results and Performance Category PC-3 and PC-4
spectra are appropriate for the MFFF site.

The applicant did not justify that the current Savannah River Site site-wide PC-3 and PC-4
spectra are appropriate for the MFFF site. As indicated in Lee, et al. (1997), the site-wide PC-3
and PC-4 spectra were issued as "committed" because of the potential for stratigraphic variation
in excess of what was considered and these design spectra need to be "confirmed" using soil
parameters at the specific site or facility where the design spectra are being used. Position 4 of
Regulatory Guide 1.165 (U.S. Regulatory Commission, 1997b) and other guidance documents
(such as U.S. Regulatory Commission, 1997a,c) recommend site-specific soil amplification
analysis for seismic design of non-rock sites.

Response:

In the development of the PC-3 and PC-4 design spectra, the available SRS soils and bedrock
data reported on or before 1996 were used (WSRC, 1997). Based on the WSRC (1997) analysis
of the SRS data, including the range of soil column thicknesses used in the analysis, the bedrock
categories and the consistency of the area-to-area shallow soil velocity distribution, it was
expected that future new sites (i.e., for possible use for other new facilities) could be evaluated
for their use of the SRS design spectra. To validate the applicability of PC-3 and PC-4 design
spectra for SRS sites, a confirmation study is performed to verify that the new site-specific data
is consistent with the input used to determine the design spectra.

There are four general areas (i.e., stratigraphic conditions) used to validate the suitability of the
site-wide response spectra (SWRS) for the MFFF site: (1) the stratigraphy of soils to validate
that there are no topographic or subsurface features that could significantly alter ground motion
over the modeled cases; (2) validate that the soil column thickness and bedrock type matches one
of the ranges used in developing the SWRS; (3) validate that the velocity profiles measured at
the site are within the variances used in developing the SWRS; and (4) validate that the geologic
formations at the site are reasonably close to the base case formations used for the SWRS so that
there is a consistent relationship between the dynamic properties applied in the SWRS and the
new site. '

For the MFFF site review, the seismic shear-wave velocity data were obtained from DCS (2001).
The 15 P- and S-wave seismic cone penetrometer test (SCPT) velocity interpretations from DCS
(2001) were compared to the SRS-wide velocity profile distribution. Other available
geotechnical data and subsurface geotechnical interpretations for the MFFF site were also
obtained from DCS (2001). The seismic velocity data, laboratory measured strain-dependent
shear modulus and damping, geologic formation descriptions, and geotechnically inferred
engineering cross-sections were reviewed and found to be reasonably consistent with the site
properties used in the development of PC-3 and PC-4 SRS design spectra. Further information
concerning the review of the MFFF site data for application of the PC-3 and PC-4 design spectra
is given in WSRC (2001).

31 August 2001 14-1



C Mixed Oxide Fuel Fabrication Facility
3 Construction Authorization Request
STONE 8 WEBSTER Responses to NRC Request for Additional Information

Similarly, on 10 August 2001, DCS submitted DCS01-WRS-DS-NTE-G-00005-C, MOX Fuel
Fabrication Facility Site Geotechnical Report for NRC review. This report contains a detailed
presentation of the site investigations that have been conducted and site-specific analyses.
Section 3.4 of this document also clearly demonstrates the applicability of the SRS site generic
PSHA to the MFFF site.

The conclusion of these two reports is that examination of general stratigraphic conditions
validate the suitability of the site-wide response spectra for the MFFF site. There are no
topographic or subsurface features that could significantly alter ground motion over the modeled
cases, with the exception of the APSF spoils pile, which will be removed before construction.
The soil column thicknesses and bedrock type match ranges used in developing the site-wide
criteria. The velocity profiles measured at the MFFF site are within the variances used in
developing the site-wide criteria. The formations at the MFFF site, while somewhat different
from the assumed formation model used for the SWRS, would not lead to any significant bias in
a predicted ground motion model for the MFFF. The variability used in developing the SWRS
encompasses the dynamic properties expected at the MFFF. These two analyses have confirmed
that the site-wide "committed" criteria are "confirmed" to be applicable to the MFFF site.

Additional information regarding the seismic hazard for the SRS is provided in the responses to
Questions 12, 13, and 19.

References:

DCS (2001). MOX Fuel Fabrication Facility Site Geotechnical Report, QL-1A (IROFS),
DCS01-WRS-DS-NTE-G-00005-C

WSRC (1997). SRS Seismic Response Analysis and Design Basis Guidelines, WSRC-TR-97-
0085, Rev. 0.

WSRC (2001). Applicability of SRS Site-wide Spectra to the MFFF Site, WSRC Calculation No.
K-CLC-F-00049, Rev. 0

Action:

None

31 August 2001 14-2



C Mixed Oxide Fuel Fabrication Facility
D Construction Authorization Request
STONE & WEBSTER Responses to NRC Request for Additional Information

15. Section 1.3.6. pp. 1.3.6-1 thru 1.3.6-86

Provide soil property data specific to the MFFF site and compare the MFFF soil parameters with
those used to derive site-wide design spectra for Performance Categories PC-3 and PC-4
documented in Lee, et al. (1997) and for PC-1 and PC-2 documented in Lee (1998).

The applicant did not provide soil property data specific to the MFFF site. These data are
necessary to demonstrate that the Savannah River Site site-wide design spectra could be
"confirmed" (see Question 14) and used as bases for MFFF seismic design. The application gives
conflicting information with regard to the validation of Savannah River Site site-wide soil
parameters for the MFFF site. For example, on page 1.3.6-18, the application states, "The PSHA
for MFFF will account for soil properties derived from site geological, geophysical,
geotechnical, and seismic investigations." (underline added for emphasis). This sentence
implies that the site geological, geophysical, geotechnical, and seismic investigations were not
yet completed nor incorporated into seismic design considerations. However, on page 1.3.6-17,
the application states, "The soil parameters for the MFFF site have been checked for consistency
with the data parameterized in the study, and the spectra have been confirmed to be applicable to
the MFFE." Position 4 of Regulatory Guide 1.165 (U.S. Regulatory Commission, 1997b) and
other guidance documents (such as U.S. Regulatory Commission, 1997a,c) recommend site-
specific soil amplification analysis for seismic design of non-rock sites and site-specific soil
amplification analysis requires site-specific soil property data.

Response:

As indicated in the responses to Questions 13 and 14, on 10 August 2001, DCS submitted
DCS01-WRS-DS-NTE-G-00005-C, MOX Fuel Fabrication Facility Site Geotechnical Report
for NRC review. This report contains a detailed presentation of the site investigations that have
been conducted and site-specific analyses. Section 3.4 of this report demonstrates the
applicability of the SRS site generic PSHA to the MFFF site. Similarly, independent analyses by
WSRC have confirmed that the site-wide "committed" criteria are "confirmed" to be applicable
to the MFEF site. These reviews are discussed in the responses to Questions 13 and 14. Sections
5 and 6 of this report present the MFFF site subsurface conditions and engineering properties for
the MFFF site, respectively. The analysis of the site-specific subsurface conditions at the MFFF
site "confirms" that they are consistent with development of SRS site-wide design spectra and
that these can be used as design bases for MFF seismic design.

Action:

DCS will update the CAR text to reconcile differences.

31 August 2001 15-1



C Mixed Oxide Fuel Fabrication Facility
3 Construction Authorization Request
STan & wERsTER Responses to NRC Request for Additional Information

16.  Section 1.3.6, pp. 1.3.6-1 thru 1.3.6-86

Provide references that document the modification of the Savannah River Site site-wide
Performance Category PC-3 spectrum developed in Lee, et al. (1997) to that used in
Westinghouse Savannah River Company (WSRC) Engineering Standard 01060 (WSRC 1999a).
Provide the memorandum entitled, "Revised Envelope of the Site Specific PC-3 Surface Ground
Motion," from Brent Gutierrez to Lawrence Salonmone [sic - Salomone] and Fred Loceff, dated
September 9, 1999.

The applicant did not document or give references on how and why the PC-3 spectrum
developed in Lee, et al. (1997) was modified. The application only stated (page 1.3.6-22) that
"Following the development of PC-3 and PC-4 design basis spectra and the PC-1 and PC-2
design basis spectra, additional conservatism was applied to the PC-3 spectral shape at high and
intermediate frequencies.”

Response:

The requested memo is provided together with other requested documents in the response to
Question 29.

Action:

None

31 August 2001 16-1



C Mixed Oxide Fuel Fabrication Facility
D Construction Authorization Request
sToNe 8 WESSTER Responses to NRC Request for Additional Information

17. Section 1.3.6, pp. 1.3.6-1 thru 1.3.6-86

Demonstrate that the selected MFFF design spectrum envelopes the uniform hazard spectra at
the soil surface that is specific to the MFFF site.

The applicant did not demonstrate that the selected design spectrum envelopes the surface
uniform hazard spectra specific to the MFFF site at the selected return periods. Instead, the
applicant showed that the selected design spectrum envelops the Savannah River Site site-wide
PC-3 spectrum. Position 4 of Regulatory Guide 1.165 (U.S. Regulatory Commission, 1997b)
and Section 2.5.2.6 (Safe Shutdown Earthquake Ground Motion) of NUREG-0800 (U.S.
Regulatory Commission, 1997¢) recommend that the development of design spectra be site-
specific.

Response:

The response to Questions 14 and 15 demonstrate that the MFFF-specific geotechnical data are
consistent with the SRS-specific data used to develop the PC-3 and PC-4 design spectra. The
response to Question 14 presents the conclusion that the application of the PC-3 and PC-4 design
spectrum is appropriate and “confirmed” for the MFFF site in accordance with WSRC (1997).
Therefore, based on the site-specific MFFF geotechnical data (DCS, 2001), the SRS PC-3 and
PC-4 design spectra are also MFFF site-specific. The PC-3 and PC-4 design spectra are
conservative spectra with probabilities of exceedance of 5x10"%/yr and 10™*/yr respectively, based
on evaluation of SRS-specific soil surface hazard curves (WSRC, 1997, 1998). Because the
PC-3 design spectrum is also MFFF site-specific, it has a consistent probability of exceedance
(5x10™*/yr) at each oscillator frequency and envelopes the 5%10™/yr uniform hazard spectrum.

The selected MFFF design earthquake spectrum envelopes the PC-3 Spectrum, and therefore has
even lower probabilities of exceedance than the PC-3 Spectrum. The attached Figure RAI-017-1
compares the MFFF soil surface design earthquake spectrum (0.2g Regulatory Guide 1.60) to the
soil surface uniform hazard spectrum at four frequencies (1, 2.5, 5 and 10 Hz). It can be seen
that at a frequency of 1 Hz the spectral acceleration for the MFFF design spectrum is less than
the 10,000-year UHS. For frequencies of 2.5, 5 and 10 Hz, the spectral accelerations for the 0.2g
Regulatory Guide 1.60 soil surface design earthquake spectrum are greater than the 10,000-year
UHS. Thus, at 2.5, 5 and 10 Hz, frequencies of practical structural interest, the MFFF design
earthquake spectrum represents 10,000-year accelerations.

References:

Duke Cogema Stone & Webster, 2001. MOX Fuel Fabrication Facility Site Geotechnical
Report, QL-1A (IROFS), DCS01-WRS-DS-NTE-G-00005-C

WSRC, 1997. SRS Seismic Response Analysis and Design Basis Guidelines, WSRC-TR-97-
0085, Rev. 0.

WSRC, 1998. Soil Surface Seismic Hazard and Design Basis Guidelines for Performance
Category 1 & 2 SRS Facilities, WSRC-TR-98-00263, Rev. 0
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Action:

This information will be incorporated into the next update of the CAR.
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Figure RAI-017-1 Comparison of MFFF Design Earthquake Response Spectra (Horizontal 5%
Damping) to Soil Surface UHS at Four Spectral Frequencies
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18. Section 1.3.6, pp. 1.3.6-1 thru 1.3.6-86

Provide the bases for selecting vertical spectrum as two thirds of the horizontal spectrum at
corresponding frequencies.

The applicant did not provide justifications for the selection of vertical spectrum. Section 2.5.2.6
of NUREG-0800 (U.S. Regulatory Commission, 1997¢) states, "Both horizontal and vertical
component site-specific response spectra should be developed statistically from response spectra
of recorded strong motion records....”

Response:

Using statistical studies of ground motions at SRS, a 0.2g Regulatory Guide 1.60 horizontal
spectrum was chosen as the soil surface input for design of MFFF buildings and structures. A
vertical spectrum equal to 2/3 the horizontal was initially selected. This selection of the
magnitude of the vertical component was consistent with the guidance presented in ASCE 4-98,
since available evaluations of SRS earthquake hazards did not indicate that near-field (closer
than 15 km) earthquakes would be dominant. This selection formed the basis for the information
presented in the MFFF Construction Authorization Request (CAR).

At the time of the selection of these criteria, DCS recognized that it would be necessary to
further justify the V = 2/3 H relationship during NRC reviews of the CAR. In the NRC
exchange meeting in January 2001, DCS pointed out that V = 2/3 H would be the design basis
presented in the CAR, but that an evaluation was ongoing, and that if the value needed to be
changed, the criteria would be updated. A review of hazard evaluations for SRS, such as
WSRC-TR-99-00271, Computation of USGS Soil UHS and Comparison to NEHRP and PC1
Response Spectra for the SRS (WSRC, 1999), indicated that although the near-field earthquakes
are not dominant, their contribution is potentially significant. DCS requested WSRC perform a
study of the magnitude of the vertical component, and the results of this study were documented
in WSRC-TR-2001-00342, Development of MFFF-Specific Vertical-to-Horizontal Seismic
Spectral Ratios (WSRC, 2001a). The study indicated that the vertical component would be
greater than 2/3. After review, DCS has decided that it is appropriate to increase the value of the
vertical spectrum.

ASCE 4-98 recommends that if near-field earthquakes are dominant, the ratio of vertical to
horizontal spectral ordinates be taken as, at least, unity for frequencies above 5 Hz, 2/3 for
frequencies below 3 Hz, and a transition between 3 Hz and 5 Hz. This is closely and
conservatively approximated by the Regulatory Guide 1.60 vertical spectrum scaled to the same
0.2g peak ground acceleration. Therefore, for the MFFF, the vertical component of earthquake
motion at the soil surface will be selected as the Regulatory Guide 1.60 vertical spectrum scaled
to 0.2g peak ground acceleration. This results in vertical and horizontal spectra that are
consistent with the guidance in ASCE 4-98 and Regulatory Guide 1.60, and appropriately
consider the effects of near-field earthquakes. The attached Figure RAI-18-1 illustrates these
spectra.
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References:

WSRC, 1999. Computation of USGS Soil UHS and Comparison to NEHRP and PCI Seismic
Response Spectra for the SRS, by R.C. Lee, WSRC-TR-99-00271, Rev. 0.

WSRC, 2001a. Development of MFFF-Specific Vertical-to-Horizontal Seismic Spectral Ratios.
WSRC-TR-2001-00342, Rev 0

Action:

The above information, including Figure RAI-18-1, will be incorporated into the next update of
the CAR.
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Figure RAI-18-1 - Vertical Response Spectra (5% Damping)
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19.  Section 1.3.6, pp. 1.3.6-1 thru 1.3.6-86

Provide the following items with regard to ground motion modeling:

a. Details of the input and output in ground motion prediction.
b. Description of approaches used to account for uncertainties in ground motion prediction.
c. Results that show sensitivities of predicted ground motion to important input parameters

such as stress drop.

d. Documentation on how the ground motion prediction models were used in calculating
site-specific seismic hazard and in selecting seismic design spectra specific to the MFFF

The applicant did not provide these items. Section 1.3.6.4 of MFFF application indicates that
Random Vibration Theory (RVT) was used in predicting ground motion attenuation at the
Savannah River Site. It further presented earthquake source parameters, bedrock and crustal path
properties, and soil properties at the Savannah River Site. It is, however, not clear how the RVT
model and path and site properties data were used in calculating the MFFF seismic hazard and in
selecting the MFFF seismic design spectra. If Savannah River Site spectra were estimated based
on LLNL and EPRI bedrock hazard results, as stated in the application as well as Leg, et al.
(1997) and Lee (1998), ground motion models should include those used in the original LLNL
and EPRI studies. These RAI items are consistent with regulatory requirements described in
Position 4 and Appendix E of Regulatory Guide 1.165 (U.S. Regulatory Commission, 1997b),
Section 2.5.2.5 (Seismic Wave Transmission Characteristics of the Site) of NUREG-0800 (U.S.
Regulatory Commission, 1997c), and Section 5 (Methodology for Estimating Ground Motion on
Rock) of NUREG/CR-6372 (U.S. Nuclear Regulatory Commission, 1997a).

Response:

Response 19a.

The Electric Power Research Institute (EPRI) and the Lawrence Livermore National Laboratory
(LLNL) seismic hazard studies conducted for the eastern U.S. from the mid 1980s to early 1990s
were the PSHAs used to develop design spectra at the SRS (WSRC, 1997). The basis for the use
of the arithmetic mean of the two PSHAs is contained in DOE-STD-1023. This response will
point to particular sections as necessary in the EPRI and LLNL documentation rather than
repeatmg or duplicating material. Where requested information is not in the original reports and
is available, this information is provided herein. Where requested information is not available, it
is so noted. The development of design spectra at the SRS is contained in the response to
Question 19d.

The discussions of the ground motion inputs are treated separately for EPRI and then LLNL.

Note that in the development of the SRS design spectra, the DOE contracted separately to Jack
Benjamin and Associates and the LLNL to provide hard rock results for the SRS. SRS central
site coordinates were used for the computation of EPRI and LLNL bedrock PSHAs. While the
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SRS results are not specifically documented in the EPRI and LLNL reports, the PSHA for the
deep soil site plant Vogtle site (located approximately 19 km west of the center of the SRS) are
contained in both the EPRI and LLNL documentation. Because of the close proximity of the
Vogtle site to SRS, references to data summaries and results for site Vogtle will be used.

EPRI (1988)

Three equally weighted ground motion attenuation models were used. Section 6.2.2 of Vol 4
(EPRI, 1988) describes the three attenuation models as:

1. “Semi-theoretical methods utilizing a theoretical scaling model and low-magnitude
recordings from the central United States.

2. An empirical method, that uses ground motion data from the central and eastern United
States (instrumental, including seismograph data, and Modified Mercalli Intensity (MMI) and
data from California (in the form of a regression of MMI, magnitude, and distance, on
instrumental ground motion).

3. A random-vibration method, which utilizes a source scaling model, a random-process
representation of acceleration, and a simplified representation of propagation effects.”

LLNL (1989, 1993)

The ground motion update and elicitation is contained in Appendix C (Savy et al., 1993). The
ground motion panel members were: K. Aki, J. Anderson, G. Bollinger, M. Chapman, D. Boore,
K. Campbell, J. Fletcher, R. Herrmann, and M. Trifunac. Ground motion distributions are
contained in Appendix C, Tables 3.2 (for PGA) and 3.3 (for Spectral Velocity). Descriptions of
the ground motion attenuation models are contained in Appendix C, Tables 3.4 (PGA) and 3.5
(Sv). Of the 19 models for spectral velocity, all were random vibration theory (RVT) type
models except for four models based on intensity attenuation. Appendix C, Table 4.1 contains
comparisons of PGA values for the nominal case of an earthquake of magnitude my= 6.25 at a
distance of 10 km. Appendix C, Table 5.1 contains comparisons of 5 Hz spectral velocity for the
nominal case of an earthquake of magnitude my= 6.25 at distances of 10, 50, 100, and 250 km.
Appendix C, Table 5.2 contains fractile comparisons of 5 Hz spectral velocity for a nominal case
of an earthquake of magnitude my= 6.25 at a distance of 10 km for o, values of 0.3, 0.5, and 0.8.

Response 19b.

The incorporation of uncertainty in ground motion was accomplished in several ways in the
LLNL and EPRI studies. Both studies used alternate estimates of ground motion attenuation
from the literature and from ground motion experts. For a given attenuation model the LLNL
evaluation used alternate values of ground motion uncertainty, whereas the EPRI study used only
one value (c =0.5). Recent recommendations for PSHAs (Budnitz et al., 1997) suggest specific
inclusion of two types of uncertainty, aleatory (randomness) and epistemic (lack of knowledge).
Both EPRI and LLNL ground motion models incorporate both aleatory and epistemic
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uncertainties through the incorporation of both the distributions of ground motion and the use of
alternate ground motion attenuation models.

Response 19c¢.

Neither the EPRI or LLNL reports had significant documentation of sensitivity of ground motion
parameters to the final hazard results. Sensitivity of the EPRI PGA hazard results to the three
attenuation models for the Vogtle site is illustrated in Vol 4, Figure 6-6d of EPRI 1988.
Sensitivities to source stress drop or other source parameters were not given.

Response 19d.

This section of the response documents how the SRS PC-3 and PC-4 design spectra are
developed.

The site spectra are development in accordance with DOE (1996). DOE-STD-1023 provides
guidelines for developing site-specific probabilistic seismic hazard assessments and criteria for
determining ground motion parameters for the design earthquakes. It also prov1des criteria for
determination of design response spectra.

The fundamental elements of the ground motion criteria for higher hazard nuclear facilities (PC3

and PC4) are:

1. A probabilistic seismic hazard assessment (PSHA) must be conducted for the site (or use an
existing PSHA that is less than 10 years old).

2. A target design basis earthquake (DBE) response spectrum is defined by the mean UHS.

3. Mean UHS shapes are checked by median site-specific spectral shapes that are derived from
de-aggregated PSHA earthquake source parameters. The median site-specific spectral shapes
are scaled to the UHS at two specific frequencies (average of 1-2.5, and 5-10 Hz).

4. Estimated site specific ground motions from historical earthquakes (significant felt or
instrumental with moment magnitude (Mw) > 6 are developed using best estimate magnitude
and distance.

5. Spectral shapes are adjusted until DBE response spectra have a smooth site-specific shape.

The detailed approach to meet the above acceptance criteria is given below including a summary
of references to reports containing detailed descriptions of the approach:

SRS PC-3 and PC-4 Design Criteria follow DOE-STD-1023 (DOE, 1996).

The SRS mean EPRI and LLNL soil surface PSHAs are rejected on the basis that the site
response is generic and not representative of site conditions (WSRC, 1997).

A mean bedrock UHS spectra is computed for two probabilities of exceedance, 5x10™ (PC3)
and 1x10™ (PC4) using UHS assessments for SRS from EPRI and LLNL (WSRC, 1997).
The mean bedrock UHS is broadened using site-specific spectral shapes generated using
EPRI M-bar and D-bar values at each POE (WSRC, 1997).
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SRS strain-dependent dynamic properties were measured with calibrated laboratory testing
systems and site-wide strain-dependent properties were recommended for the site (WSRC,
1996).

A soil profile database was prepared and parameterized to simulate SRS velocity profiles
(Toro, 1996).

An RVT ground motion model is used to compute suites of hypothetical bedrock control
motions for several magnitudes to evaluate soil response for suites of bedrock and soil
configurations (WSRC, 1997).

Six categories of soil column thickness and bedrock type were selected to explore the range
of soil response across the SRS (WSRC, 1997).

| V P | 1 fiants : i 3 1
Mean soil amplification functions (SAFs) (ratio of soil response to bedrock input) are

o bedrock inpu

computed based on statistical analysis of each of the soil/bedrock categories accounting for
earthquake magnitude and bedrock control motion (WSRC, 1997).

The broadened mean bedrock UHS is multiplied by the frequency and magnitude dependent
mean SAFs to obtain a mean surface response spectra (WSRC, 1997).

The soil UHS for each performance category is conservatively taken as the envelope of the
soil spectra obtained by applying magnitude and frequency dependent SAFs (WSRC, 1997).
Deterministic median and 84th percentile Charleston earthquake design basis spectra are
generated for each of the soil and bedrock categories from a suite of conservative Charleston
earthquake sources (WSRC, 1997).

The PC3 SRS design basis spectrum is the envelope of the median Charleston earthquake
spectra and the PC3 soil UHS envelope (WSRC, 1997).

The PC4 SRS design basis spectrum is the envelope of the 84th percentile Charleston
earthquake spectra and the PC4 soil UHS envelope (WSRC, 1997).

Validation that the soil UHS are mean spectra and meet the requirements of DOE-STD-1023
are done by developing a methodology to compute soil hazard directly for a selected number
of frequencies from the bedrock hazard spectra (WSRC, 1997)

Evaluation of the exact mean surface EPRI and LLNL hazard and UHS was done to validate
the mean PC3 and PC4 design spectra (WSRC, 1998).

For application to existing and new PC3 and PC4 facilities, review or collection of site
specific data will be required for development of “confirmed” design spectra. Otherwise the
design basis spectrum is considered “committed” in accordance with the WSRC E7 manual
(WSRC, 1997).

For the MFFF site the results of site-specific exploration program were reviewed in
accordance with the recommendations given in WSRC (1997). The results of the review
confirm the acceptability of the SRS PC-3 and PC-4 response spectra for the MFFF site (see
response to Question 14 for additional details).

On 10 August 2001, DCS submitted DCS01-WRS-DS-NTE-G-00005-C, MOX Fuel Fabrication
Facility Site Geotechnical Report for NRC review. This report contains a detailed presentation
of the site-specific geotechnical analyses. This document clearly demonstrates the applicability
of the SRS site generic PSHA to the MFFF site. (Also refer to the responses to Questions 13 and
14.) Further, Section 6.2 of the report compares the scaled uniform hazard bedrock motion
convolved through the soil column to the MFFF design spectrum (0.2 Regulatory Guide 1.60
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spectrum). The scaled uniform hazard bedrock motion used for the MFFF site is the SRS PC-3
control motion increased by a factor of 1.25, and is designated as the PC-3+ control motion. The
1886 Charleston earthquake (50™ percentile) control motion attenuated to rock at SRS was also
analyzed. The results of these analyses, as presented in Section 6.2 of this report, indicates that
the PC-3+ control motion generates a surface PGA of 0.2g. Refer to the response for Question
17 for further clarification. The strain-compatible dynamic soil properties generated by the
PC-3+ control motion are considered appropriate for use in the dynamic soil-structure interaction
(SSI) analyses of the MFFF critical structures.

References:
Budnitz, RJ., G. Apostolakis, D.M. Boore, L.S. Cluff, K.J. Coppersmith, C.A. Comell and P.A.
Morris, 1997. Recommendations for Probabilistic Seismic Hazard Analysis: Guidance on

Uncertainty and Use of Experts, NUREG/CR-6372, UCRL-ID-122160.

Electric Power Research Institute, 1988. Seismic Hazard Methodology for the Central and
Eastern United States, Vol. 1-10, NP-4726.

Savy, J.B., A.C. Boissonnade, R.-W. Mensing and C.M. Short, 1993. Eastern U.S. Seismic
Hazard Characterization Update, Lawrence Livermore National Laboratory, July 20, 1993.

Toro, G.R., 1996. Probabilistic of Site Velocity Profiles at the Savannah River Site, Aiken,
South Carolina, Final Report to WSRC, April 4, 1997. Attached as an Appendix to WSRC
(1997).

U.S. Department of Energy, 1996. DOE Standard: Natural Phenomena Hazards Assessment
Criteria, DOE-STD-1023-95, Change Notice #1, Washington, D.C., January 1996.

WSRC, 1996. Investigations of Nonlinear Dynamic Soil Properties at the Savannah River Site,
WSRC-TR-96-0062.

WSRC, 1997. SRS Seismic Response Analysis and Design Basis Guidelines, WSRC-TR-97-
0085, Rev. 0.

WSRC, 1998. Soil Surface Seismic Hazard and Design Basis Guidelines for Performance
Category 1 & 2 SRS Facilities, WSRC-TR-98-00263, Rev. 0, 9/30/98.

Action:

DCS will provide the references cited above.
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20.  Section 1.3.6, pp. 1.3.6-1 thru 1.3.6-86

Clarify how and why the return periods were evaluated on page 1.3.6-13 of the application.

It appears from the application that the return periods were chosen from 5 Hz spectrum
accelerations (Table 1.3.6-7 and Figure 1.3.6-16). The applicant did not give the bases and
purposes for evaluation of return periods from 5 Hz spectrum accelerations.

Response:

Section 1.3.6.6 on page 1.3.6-23 describes the selection of the MFFF Design Earthquake, using
the SRS site-wide criteria as an input. The narrative refers to Figure 1.3.6-16 as representing the
soil surface hazard relationships for SRS. Figure 1.3.6-16 expresses the hazard in terms of
spectral velocity versus annual probability of exceedance. The source document that developed
this hazard definition (WSRC, 1998, shown in the CAR as "Lee, R.C., 1998,") also contains
representations of the hazard in terms of spectral acceleration. The attached Figure RAI-20-1
shows the appropriate soil surface acceleration hazard curve.

Using the acceleration hazard relationships shown in Figure RAI-20-1 for each of the four
oscillator frequencies (1 Hz, 2.5 Hz, 5 Hz, and 10 Hz) represented in the hazard chart, the
spectral acceleration was read off each of the 5% damped response spectra discussed (CAR -
Figure 1.3.6-20 for PC-3, Figure 1.3.6-14 for PC-4, and Figure 1.3.6-21 for Regulatory Guide
1.60). These spectral accelerations were used to enter Figure RAI-20-1 and to read the
associated annual mean probability of exceedance. Inverting the annual mean probability of
exceedance results in the return period reported in CAR Table 1.3.6-7.

The return periods presented in the CAR are used to demonstrate that the selected soil surface
Design Earthquake spectrum represents essentially 10,000-year spectral accelerations to be used
in the design of the MFFF. Therefore, by selecting accelerations consistent with a (10,000-year)
10™*/yr mean annual probability of exceedance, the design earthquake meets the intent of
Regulatory Guide 1.165, which suggests a 10°/yr median annual probability of exceedance.

References:

WSRC, 1998. Soil Surface Seismic Hazard and Design Basis Guidelines for Performance
Category 1 & 2 SRS Facilities, WSRC-TR-98-00263, Rev. 0, 9/30/98.

Action:

To provide additional clarity, Figure RAI-20-1 will be included in the next update of the CAR,
and will be cited in CAR Section 1.3.6.6.
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Figure RAI-20-1 SRS Soil Surface Seismic Hazard Curves
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21. Section 1.3.6. pp. 1.3.6-1 thru 1.3.6-86

Document how the spectral ground accelerations were converted to velocities as shown in Figure
1.3.6-16.

The ground motion in PC-3, PC-4, and 0.2g Regulatory Guide 1.60 Spectra are given as
acceleration, whereas ground motion is given as velocity in Figure 1.3.6-16. The applicant did
not show how the spectral ground accelerations were converted to velocities to obtain the return
period from Figure 1.3.6-16.

Response:

Spectral velocities were determined from spectral accelerations (in g’s) using the following
relationship derived from the solution of a single degree of freedom harmonic oscillator:

Sv = Sa*981/(2*n*f)

Where Sv is spectral velocity in units of cm/sec, Sa is spectral acceleration in units of Earth’s
gravity (g’s), the factor 981 is the Earth’s grav1tat10na1 acceleration in units of cm/sec’/g and fis
the oscillator frequency in units of sec”!

SRS hazard curves for both spectral acceleration and velocity are tabulated in WSRC (1998),
Tables 6.6, 6.7, 6.8, and 6.9 for 1, 2, 5, and 10 Hz, respectively.

Reference:

WSRC (1998). Soil Surface Seismic Hazard and Design Basis Guidelines for Performance
Category 1 & 2 SRS Facilities, WSRC-TR-98-00263, Rev. 0, 9/30/98.

Action:

As stated in the response to Question 20, to provide additional clarity, Figure RAI-20-1 will be
included in the next update of the CAR, and will be cited in CAR Section 1.3.6.6, illustrating the
appropriate acceleration hazard curve.
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22. Section 1.3.6, pp. 1.3.6-1 thru 1.3.6-86

Clarify the description given on page 1.3.6-19 (first paragraph) for Figure 1.3.6-16.
It appears that the description given on page 1.3.6-19 is inconsistent with the figure itself.
Response:

Figure 1.3.6-16 illustrates the combined EPRI and LLNL SRS soil surface hazard envelope for
oscillator frequencies of 1, 2.5, 5, and 10 Hz. The second sentence of text on page 1.3.6-19
refers to segments of the bedrock hazard curves that were extrapolated to probabilities of
exceedance beyond those available from the LLNL and EPRI hazard evaluations. These bedrock
hazard curves were not included in Figure 1.3.6-16. However, the bedrock hazard curves and
their extrapolations are illustrated in WSRC (1998) in Figures 6.1, 6.2, 6.3, and 6.4 for the EPRI
1, 2.5, 5, and 10 Hz frequencies, respectively and in Figures 6.5, 6.6, 6.7, and 6.8 for the LLNL

1, 2.5, 5, and 10 Hz frequencies, respectively.
References:

WSRC (1998). Soil Surface Seismic Hazard and Design Basis Guidelines for Performance
Category 1 & 2 SRS Facilities, WSRC-TR-98-00263, Rev. 0, 9/30/98.

Action:

The second and third sentences in the first paragraph on page 1.3.6-19 will be deleted in the next
update of the CAR.
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23. Section 1.3.7, pp. 1.3.7-1 thru 1.3.7-3

Provide technical basis for excluding slope instability hazard, with a detailed topographic
contour map (1-ft interval) of the site including the locations of the principal structures, systems,
and components (SSCs).

The application does not discuss adequately slope instability at the site. Slope instability is one of
the natural phenomena hazards that could affect the performance of the principal structures and
systems. Regulatory requirement 10 CFR 70.22(f) requires an application to contain a safety
assessment of the design bases of the principal SSCs for the proposed facility, including
provisions for protection against natural phenomena. Regulatory requirement 10 CFR
70.62(c)(iv) requires the applicant to conduct an integrated safety analysis to identify potential
accident sequences. The analysis should include natural phenomena hazards. Also, 10 CFR
70.64(a)(2) requires applications to address the baseline design criteria related to the natural
phenomena hazards. In Section 5.5 of the application, avalanche and landsliding events are
determined to be not credible because the site is relatively flat. Figure 1.3.1-2 of the application
seems to support the statement that the site is relatively flat. However, Figure 1.3.1-2is a
regional topographic map with a relatively large scale. Consequently, this map does not contain
sufficient information for staff to determine with reasonable assurance that the slope instability

hazard can be excluded as a baseline design criterion.
Response:

The attached site contour map, Figure RAI-023-1, defines the original topography, proposed
finish grades, the location of the major cut and fill slopes, and the location of the principal SSCs.
The nearest cut slopes will be over 400 feet both north and west of the MOX Fuel Fabrication
Building (BMF) and are only approximately 15 feet high. The BMF and the Emergency Diesel
Generator Building (BEG) will be located with finished floor elevations below the existing
ground elevation, and are both over 400 feet from the top of the nearest fill slope or steeper
topographic slope. Figure RAI-023-1 shows the fill and steep slopes to the northwest, northeast
and southeast of the BMF and BEG. Therefore, slope stability from existing topography and
planned fills and cuts at the MFFF site will not have any adverse impact to principal SSCs.

Action:

Include information from the above referenced figure in the next update of the CAR.
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24. Section 1.3.7, pp. 1.3.7-1 thru 1.3.7-3

Provide the following items which are related to the effect of the Actinide Packaging and Storage
Facility spoil at the site on the principal SSCs.

a. Discuss the location of the spoil pile relative to the site, particularly to the principal
structures and systems.

b. Discuss the characteristics of the spoil pile including material properties.
c. Assess the static and dynamic stability of the spoil pile, if necessary.
d. Discuss the potential effects of the spoil pile, if determined to be unstable, on the

principal structures and systems, if necessary.

€. Discuss remedial measures if the spoil pile is determined to be potentially unstable and
the performance of a structure or system will be affected.

Although the spoil pile is a man-made feature, its instability may still affect the performance of
the principal SSCs at the site. It is, therefore, necessary to be addressed as a baseline design
criterion unless the analysis performed pursuant to 10 CFR 70.62(c) demonstrates that the spoil
pile instability is not a credible event or will not affect the performance of the principal SSCs.
These items are consistent with Section 2.5.5 (Stability of Slopes) of NUREG-800 (U.S. Nuclear
Regulatory Commission, 1997¢) and Regulatory Guide 3.11 (U.S. Nuclear Regulatory
Commission, 1977).

Response:

The site contour map provided in response to Question 23 shows the location of the spoil pile
created from the excavated materials removed from the Actinide Packaging and Storage Facility
(APSF). During MFFF site grading, this APSF spoil pile will be removed and will not be used
in connection with foundations for the principal SSCs. Therefore, the pile cannot adversely
impact principal SSCs.

Action:

This information will be included in the next update of the CAR.
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25. Section 1.3.7, pp. 1.3.7-1 thru 1.3.7-3

Provide analysis on the liquefaction susceptibility of loose subsurface materials at the site. The
analysis results should include the following items:

a. Analysis/interpretation of the data collected from the field programs and laboratory
testing to characterize site conditions and to define behavior characteristics of the native
soils at the site.

b. Results of the liquefaction potential analysis at the site.

C. Effects of liquefaction on the principal SSCs.

The application does not contain a technical discussion on liquefaction susceptibility, its
potential effect, and remedial measures although it identifies liquefaction as a potentially
credible event (Section 5.5 of the application). Liquefaction is a natural phenomena hazard
required to be included in the integrated safety analysis and baseline design criteria pursuant to
10 CFR 70.62(c) and 10 CFR 70.64(a)(2). Also, 10 CFR 70.22(f) requires the application to
contain a safety assessment of the design bases of the principal SSCs for the proposed facility,
including provisions for protection against natural phenomena. These items are consistent with
Section 2.5.4 (Stability of Subsurface Materials and Foundations) of NUREG-800 (U.S. Nuclear
Regulatory Commission, 1997¢c) and Regulatory Guide 3.11 (U.S. Nuclear Regulatory
Commission, 1977).

Response:

On 10 August 2001, DCS submitted DCS01-WRS-DS-NTE-G-00005-C, MOX Fuel Fabrication
Facility Site Geotechnical Report for NRC review. This report contains a detailed presentation
of the site investigations that have been conducted and site-specific analyses, including
liquefaction analyses. Section 8 of this document demonstrates the acceptability of the MFFF
site with respect to liquefaction and post-earthquake dynamic settlement. This section of the
report also demonstrates that the 1886 Charleston earthquake control motion (also refer to the
response for Question 19) is the controlling earthquake motion for liquefaction and post-
earthquake dynamic settlement for the MFFF site. The results of the analyses indicate that any
areas of potential liquefaction are at depth and exist as isolated pockets that are confined by
strong non-liquefiable soils. The analyses also indicate that post-earthquake dynamic settlements
are not excessive and considered acceptable for the design of principal SSCs.

Action:

None
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26. Section 1.3.7. pp. 1.3.7-1 thru 1.3.7-3
Define the lateral extent/boundary of each soft zone identified at the site.

Section 1.3.7.2 of the application states that, "The exploration programs indicated that soft zones
at the MFFF site are isolated and found as soft soil pockets at depth." However, the lateral
extent of these soft zones were not provided in the application or its supporting documents.

Response:

On 10 August 2001, DCS submitted DCS01-WRS-DS-NTE-G-00005-C, MOX Fuel Fabrication
Facility Site Geotechnical Report for NRC review. This report contains a detailed presentation
of the site investigations that have been conducted and site-specific analyses, including
evaluation of the potential effects of soft zones. Section 3.2 of this report presents the
development and nature of soft zones at SRS and the MFFF site. Section 5.2 of this report
presents the criteria used to define the location and extent of soft zones at the MFFF site and
engineering properties used to evaluate soft zones are presented in Section 6.1. The effects of
static and dynamic settlement from soft zones is presented in Sections 7 and 8 of this report.
This report confirms that any soft zones identified beneath or adjacent to principal SSCs will not
have any adverse effect on these structures.

Action:

None
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27. Section 1.3.7, pp. 1.3.7-1 thru 1.3.7-3

Clarify the following two statements:

a. "Once the location and extent of the soft zones on the MFFF site were identified, the
MFFF principal SSCs, such as the MOX Fuel Fabrication Building and the Emergency
Diesel Generator Building were relocated to areas of the site found to be free of soft
zones." (Section 1.3.5.2, MFFF Site Geology)

b. "MFFF principal SSCs, such as the MOX Fuel Fabrication Building and the Emergency
Diesel Generator Building, were located on the MFFF site to avoid placement directly
over significant soft zones." (Section 1.3.7.2, Evaluation of Soft Zones)

These two statements appear to be contradictory with each other. Furthermore, definition on

“significant" soft zones needs to be provided. Compare Figure 11.1-1 of the MFFF Construction

Authorization Request with Figure 2 of the MOX Fuel Fabrication Facility Site Geotechnical

Report (DCS, 2000), the MOX Fuel Fabrication Building seems to be located above the soft

zones, particularly the northern portion of the building.

Response:

The location of principal SSCs on the MFFF site was changed to account for the soft zones
discovered during site exploration. The SSCs were relocated to the configuration that is
evaluated in DCS01-WRS-DS-NTE-G-00005-C, MOX Fuel Fabrication Facility Site
Geotechnical Report. This report contains a detailed presentation of the site-specific
geotechnical analyses. This report also demonstrates the acceptability of the soft zones identified
at the MFFF site. The response to Question 26 presents sections of this report that address soft
zones. Tables and Figures in these sections of the report reflect recent evaluation and analysis of
soft zones at the MFFF site and at locations beneath and adjacent to the BMF and BEG.

Action:

Clarification of this issue will be provided in the next update of the CAR.
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28. Section 1.3.7, pp. 1.3.7-1 thru 1.3.7-3

Provide an analysis on soft zones regarding:

a. Mechanical and strength properties of the soft zone soils and the representativeness of
these properties.

b. Potential load increase in soft zone soils due to static and seismic design loads.

c. Deformations that may result in the soft zones from static and dynamic foundation
loading.

d. Structure settlement that may result from the deformations of the soft zones to critical
structures.

The application does not provide analysis on the stability of the soft zones identified when
subjected to foundation and dynamic loads. Consequently, the effect of the soft zone
deformation on the design of the critical structures cannot be evaluated by the staff. Regulatory
requirement 10 CFR 70.64(a)(2) requires that the design to provide adequate protection against.
natural phenomena hazards.

Response:

As indicated in the response to Question 26, on 10 August 2001, DCS submitted DCS01-WRS-
DS-NTE-G-00005-C, MOX Fuel Fabrication Facility Site Geotechnical Report for NRC review.
This report contains a detailed presentation of the site investigations that have been conducted
and site-specific analyses, including evaluation of the potential effects of soft zones. This
document demonstrates the acceptability of the MFFF site with respect to identified soft zones
beneath and adjacent to principal SSCs. Specific sections of this report that are applicable to the
response for this question are discussed in Questions 26 and 27.

Action:

None
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Section 1.3.7, pp. 1.3.7-1 thru 1.3.7-3

Provide the following references to facilitate review of the application:

a.

Westinghouse Savannah River Company, 1999. Significance of soft zone sediments at the
Savannah River site-Historical review of significant investigations and current
understanding of soft zone origin, extent and stability, Report No. WRSC TR 99 4083,
Rev 0, September.

Duke Cogema Stone & Webster. 2000a. Specification for Geotechnical Test Borings and
Sampling. DCS01-WRS-DS-SPE-G-00002-A, April 11.

Duke Cogema Stone & Webster. 2000b. Specification for Laboratory Testing of Soils
Quality. DCS01-WRS-DS-SPE-G-00003-A, May.

Duke Cogema Stone & Webster. 2000c. Specification for Cone Penetration Testing of
Soil. DCS01-WRS-DS-SPE-G-00001-A, April 11.

"Revised Envelope of the Site Specific PC-3 Surface Ground Motion", Memorandum
from Brent Gutierrez to Lawrence Salonmone and Fred Loceff, September 9, 1999.

Stokoe, K.H., et al., 1995. “Correlation Study of Nonlinear Dynamic Soil Properties:
Savannah River Site, Aiken, South Carolina,” Rev. 0, File No. Savannah River Site-RF-
CDP-95, University of Texas at Austin, Department Civil Engineering, September 13.

Response:

The items referenced above will be provided as requested. In addition, the following reference
will be provided to summarize and to extend the conclusions of Stokoe 1995, requested above:

g. Westinghouse Savannah River Company, 1996. Investigations of Nonlinear Dynamic
Soil Properties at the Savannah River Site, Report No. WRSC-TR-96 0062, Rev 0,
March.

Action:

Include references as part of the response to the RAI. In addition, the following references cited
in the responses to questions on CAR Sections 1.3.3, 1.3.6, and 1.3.7 are also provided:

References for Questions 9, 10, and 11 on Section 1.3.3:

McDonald, James R., 1982, “Assessment of Tornado and Straight Wind Risks at the
Savannah River Site”, October 1982.

Coats, D. W. and R. C. Murray, 1985, “Natural Phenomena Hazards Modeling Project:
Extreme Wind/Tornado Hazards Models for Department of Energy Sites”, UCRL-53526,
Rev. 1, Lawrence Livermore National Laboratory, University of California, August 1985.

31 August 2001 29-1



C Mixed Oxide Fuel Fabrication Facility
:) Construction Authorization Request
sToNE » wEasTER Responses to NRC Request for Additional Information

e *Savy, J.B., A.C. Boissonnade, R.W. Mensing and C.M. Short, 1993. Eastern U.S. Seismic
Hazard Characterization Update, Lawrence Livermore National Laboratory, July 20, 1993.

e Savy, J.B., 1996. Fission Energy and Systems Safety Program, May 28, 1996, SANT96-
147JBS, letter from J. B. Savy, Deputy Associate Program Leader Natural Phenomena
Hazards to Jeff Kimball, DOE.

e Toro, G.R., 1996. Probabilistic of Site Velocity Profiles at the Savannah River Site, Aiken,
South Carolina, Final Report to WSRC, April 4, 1997. [Attached as Appendix A to WSRC,
1997 (WSRC-TR-97-0085).]

e WSRC, 1996. Investigations of Nonlinear Dynamic Soil Properties at the Savannah River
Site, WSRC-TR-96-0062. (provided as part of response to Question 29) (shown in CAR as
Lee, R.C., 1996)

e WSRC, 1997. SRS Seismic Response Analysis and Design Basis Guidelines, WSRC-TR-97-
0085, Rev. 0. (shown in CAR as Lee, R.C,, et al., 1997)

e WSRC, 1998. Soil Surface Seismic Hazard and Design Basis Guidelines for Performance
Category 1 & 2 SRS Facilities, by R.C. Lee, WSRC-TR-98-00263, Rev. 0. (shown in CAR
as Lee, R.C., 1998) i

e WSRC, 1999. Computation of USGS Soil UHS and Comparison to NEHRP and PC1
Seismic Response Spectra for the SRS, by R.C. Lee, WSRC-TR-99-00271, Rev. 0.

e WSRC, 2001. Applicability of SRS Site-Wide Spectra to the MFFF Site. Calculation
Number K-CLC-F-00049, Rev. 0.

e WSRC, 2001a. Development of MFFF-Specific Vertical-to-Horizontal Seismic Spectral
Ratios. WSRC-TR-2001-00342, Rev 0

* These documents are considered to be publicly available and are not included as part of the
response.

*#* This document has been separately submitted to NRC on 10 August 2001 (Letter DCS-NRC-
000057).
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CHAPTER 2, FINANCIAL QUALIFICATIONS

30. Section 2.1, p. 2-1

Provide information on project costs.

Under Section 2.3.A of SRP, the applicant needs to provide information of project costs. In the
application, DCS stated that project cost information has been prepared and submitted to DOE
for approval. Once approved this information will be submitted under separate cover. This
information has not yet been submitted to the NRC for review.

Response:

DCS is designing, constructing, and operating the MFFF under contract to the U.S. Department
of Energy (DOE). Project cost information is provided in a separate proprietary transmittal.
This information represents the most recent cost estimate provided to DOE. Note that the design
costs are currently under review. Note also that these costs are not identical to those in the
information provided with the ER RAI response (submitted by DCS to the NRC 12 July 2001;
Letter Number DCS-NRC-000053). The difference is primarily attributable to the fact that the
program life cycle cost values include DOE and other contractor costs.

Action:

Project cost information is submitted under separate cover.
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31.  Section 2.4, p. 2-3

Provide financial statements and Secutities and Exchange Commission Report 10-K applicable
to fiscal year 2000. If no Report 10-K is required, provide such a statement.

Under Section 2.3.D of the SRP, the applicant needs to provide the most recent financial
statements and Securities and Exchange Commission Report 10-K. In the application, the
applicant provided financial statements for the period March 22, 1999, to December 31, 1999.
No Report 10-K was provided. The most recent financial statements and Report 10-K for the
fiscal year ending December 31, 2000, is needed to assess the applicant’s current financial status.

Response:

DCS is not a publicly held entity, and therefore does not prepare a Securities and Exchange
Commission Report 10-K. DCS will submit, under separate cover, a proprietary financial
statement providing information for the year ending December 31, 2000, the most current year
available.

Action:

DCS is submitting, under separate cover, its financial statement for the year ending
December 31, 2000.
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CHAPTER 4, ORGANIZATION AND ADMINISTRATION

32. Chapter 4, General

Explain experience requirements.

Section 4.4.3.A.iii.a of the SRP states, for key management positions, "The personnel to design
and construct the facility have the appropriate breadth and level of experience for their respective
authorities and responsibilities..." [A similar requirement exists for operations. Section

4.4.3 B.iii.a of the SRP states, for key management positions, "The personnel to operate the
facility have the appropriate breadth and level of experience for their respective authorities and
responsibilities..."]

Section 4 provides the experience requirements for the management at the proposed facility.
However, no requirement is identified for experience in fuel fabrication for any of the managers.
In addition, there is no requirement for plutonium handling experience and training. More
information is needed to demonstrate that the positions proposed for the facility will have the
necessary experience and qualifications for safe operations at the MOX.

Response:

As discussed in CAR Section 4.1, the minimum qualifications of each of the key management
positions include, in addition to education, a minimum amount of related experience, including
(for design managers) experience in the design of nuclear facilities.

DCS could not find specific fuel-cycle-facility guidance on minimum qualifications and
experience related to design and construction for key management personnel. Therefore, DCS
reviewed ANSI/ANS 3.1-1993 and Regulatory Guide 1.8, Revision 3, which provide guidance
for requirements for personnel at an operating nuclear reactor site. In addition, DOE Order
5480.20A uses these documents as guidance to develop minimum requirements both for DOE’s
operating reactor and non-reactor nuclear facilities. However, no substantial precedent was
found for fuel-cycle facilities licensed under 10 CFR 70, as non-plutonium facilities are not
required to secure authorization for construction (thus, minimum qualifications are provided
exclusively for operating facilities, not for facilities during design and construction).
Nonetheless, minimum qualifications in the license applications for several Part 70 facilities
were reviewed, as well as the minimum qualifications for personnel at selected non-Part 70
facilities.

Each of the cited documents was examined for guidance. Values described in CAR Section 4.1
for years of experience were derived from reasonably analogous positions during operations.

The minimum qualifications of the analogous positions are adjusted to account for the fact that
the “special requirements” in the guidance are oriented towards an operating facility, whereas the
positions described for the MFFF are for engineering and construction.
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While deriving the minimum qualifications for MFFF management personnel, DCS reviewed
and considered the SRP’s statement that “...personnel to design and construct the facility have
the appropriate breadth and level of experience for their respective authorities and
responsibilities....” DCS managers meet the minimum qualifications stated in the CAR and have
a breadth of experience commensurate with their responsibilities, including experience in
facilities with activities similar to those anticipated in the MFFF. Significant nuclear facility
experience — including MOX processing experience — is represented with the MOX project staff,
including the engineering organization. These personnel supplement the key managers’ skills
consistent with the proviso in the “special requirements” paragraphs of the cited guidance
documents that allow the various managers to supplement their own skills with those of their
assistants. Consequently, DCS does not believe that the specifics of “experience in fuel
fabrication,” “plutonium handling experience,” operating facility experience, or other types of
experience relevant to their management functions, are necessary additions to the minimum
qualifications for the engineering and construction managers.

Action:

In accordance with the SRP, DCS will address the minimum qualifications and experience for
key management personnel responsible during MFFF operations in its application for a license to
possess and use special nuclear material.
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33. Chapter 4, pp. 4-1 thru 4-6

Provide a full description of the applicant’s organization for construction.

SRP Section 4.3 states that the applicant’s identification and functional description of the
specific organizational groups responsible for designing and constructing the facility should
include contractors, consultants, and other outside service organizations in addition to the
applicant. This should also include, but not be limited to, the process designers, architect
engineering firm, and the construction contractor.

Chapter 4 of the application has brief descriptions relating to "construction management," but
does not address the actual construction responsibilities and interfaces. Clarify if there will be
major delegation of work such as to an architect/engineer, a MOX plant constructor, an
integration contractor, system suppliers or other on- or off-site organizations. The authorities and
responsibilities among the organizational groups and the means of communication should be
addressed, including the DCS design and engineering functions and the various contractors
during construction. Organization charts should reflect the lines of responsibility and authority.
Clear and unambiguous controls and communications, and responsibility and authority between
the construction, equipment and system suppliers and DCS design, engineering, project
management, procurement, construction management and quality assurance (QA), should be
identified. All key management positions for construction activities should be adequately
addressed. Specific activities such as inspection and testing of construction activities, equipment
and SSCs should be adequately addressed as to what organization performs them, and what, how
and by whom, QA controls and management measures are applied.

(Note: The same issue applies to Application Section 15.1.1, DCS Organization.)

Response:

Question 1 of the NRC's “Request for Additional Information on the Duke Cogema Stone &
Webster (DCS) Mixed Oxide Project Quality Assurance Plan, Revision 2” (NRC letter dated
6/19/01) requested the same information. See the DCS response to that question in DCS letter
dated 7/18/01, DCS-NRC-000054, “Response to NRC Request for Additional Information on
MOX Project Quality Assurance Plan (MPQAP) Revision 2”.

Action:

The DCS response to the MPQAP RALI question indicates that various sections of the MPQAP
will be revised to describe changes discussed in the response. In addition, CAR Chapter 4 will
be revised to describe changes for support of construction to the project management
organizational chart and specifically adding the construction management organization details
for the Construction Manager, Resident Engineer, and CM Area Superintendents including roles,
responsibilities, and interfaces described in the response. Section 4.1.4.1, QA Manager, will also
be revised to describe the oversight of construction subcontractors. Functions for each of the
positions will also be added to Figure 4-1.
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34. Chapter 4, pp. 4-1 thru 4-6

Specifically explain the organizational responsibilities, authorities, interfaces, and means of
communications for configuration management, in particular change control, during
construction, both within DCS and for subcontractors, including those for fabrication, assembly
and construction.

SRP Section 4.3.A.1i. states that the applicant’s organization should commit to formal
management measures and that the organization and plans for transition from design and
construction to operation should be adequate to maintain the design bases at all times.

Configuration management is discussed in CAR Section 15.2, and change control during
construction is discussed in CAR Section 15.2.4.2. Because DCS is responsible for design,
construction, and operation of the facility, a single technical baseline can be maintained
throughout the three phases.

Configuration management of this baseline during the design and construction phase is governed
by QA procedures, and is the responsibility of the Deputy Project Manager - MFFF Engineering
and Construction. Interface and methodology for change control is delineated in QA procedures,
and will be required for fabricators and subcontractors through specifications and procurement
documents. Control of subcontractors is also the subject of the responses to MPQAP RAI
Questions 3 and 10 (submitted by DCS to the NRC 18 July 2001; Letter Number DCS-NRC-
000054).

Project procedures will be adapted to implement the configuration control requirements of 10
CFR 70.72 as the project progresses through the construction an operation phases. Additional
information is contained in the response to Question 239.

Action:

Update CAR Chapter 4 to clarify DCS commitment to configuration management and refer to
Chapter 15 for details of the configuration management process.
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35. Chapter 4. pp. 4-1 thru 4-6

Please explain the organizational responsibilities, authorities, interfaces, and means of
communications with DOE and Savannah River Site contractor organizations that may affect
principal SSCs.

SRP Section 4.3 states that the applicant’s identification and functional description of the
specific organizational groups responsible for designing and constructing the facility should
include.....other outside service organizations in addition to the applicant. SRP Section 4.3.A.ii.
states that the applicant’s organization should commit to formal management measures and that
the organization and plans for transition from design and construction to operation should be
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The organizational responsibilities, authorities, interfaces, and means of communications with
DOE and Savannah River Site contractor organizations that supply, maintain, perform or provide
services, systems or utilities that may affect principal SSCs and the responsibilities to assure that
management measures are adequate, including configuration management, in particular change
control, and procedures should be addressed.

Response:

Organizational Responsibilities, Authorities, Interfaces

DCS is the licensee responsible for producing the detailed design of the MFFF and for operation
of the facility. The management organization of DCS is addressed in the response to Question
37. DCS establishes the interface points and requirements with Savannah River Site (SRS) and
ensures that the MFFF design is integrated into the SRS infrastructure. Configuration
management of the integrated DCS design is addressed in the response to Question 239.

The National Nuclear Security Administration (NNSA) facilitates the interface with DOE’s
Savannah River Operations Office (DOE-SR) and other SRS organizations such as the U.S.
Forest Service, the security contractor, and other service providers to DOE-SR such as SCE&G.
NNSA and DOE-SR also provide interfaces with respect to integration with SRS’ emergency
planning and response programs, worker training (as discussed in the responses to Questions 1
and 2), and control of the SRS site (i.e., facilitating DCS’ ability to remove or exclude personnel
and property from the MFFF controlled area as necessary). In conjunction with NNSA and
DOE-SR, the SRS M&O contractor (Westinghouse Savannah River Company, or WSRC) is
responsible for providing the utilities required to operate the MFFF and for receiving and treating
the waste generated by the MFFF, and provides various support to DCS in areas such as site
infrastructure, utilities, waste management, emergency services, site transportation, security, and
training. Interfaces between DCS and NNSA (along with DOE-SR) are controlled via DCS’
contract, administered through DOE’s Chicago Operations Office (DOE-CH), with technical
direction provided by the NNSA office in DOE Headquarters. The interfaces between DCS and
WSRC are described through a Work Task Agreement (WTA) administered by the NNSA (along
with DOE-SR). During the design phase of the MFFF project, a master WTA is agreed upon and
signed by each of the organizations having responsibilities under the agreement. The WTA is
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updated based on the need for information or interfaces, and will continue through construction
and operations.

The WTA addresses utilities (i.e., telephone, electricity, domestic and fire water, etc.),
emergency medical and health physics services, security (i.e., outside the Protected Area),
emergency response, site infrastructure, environmental services (e.g., monitoring, lab analysis,
etc), and transportation and disposal of low level, hazardous, non-hazardous, mixed and TRU
waste.

Action:

Clarify Chapter 4 to describe site interfaces.
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36. Chapter 4, pp. 4-1 thru 4-11

Indicate responsibility for fire protection.

SRP Section 7.4.3.1 recommends that responsibilities for fire protection management,
implementation and assessment be identified. The application does not show how fire protection
is integrated into the Environmental Safety and Health oversight or construction design reviews.

Response:

Evaluation of fire risk and design of engineered controls for fire protection is provided by the
Facilities Design organization under the direction of the Facilities Design Manager. Fire
protection evaluations and engineered controls are developed through a cross-discipline review
process involving the Facilities Design organization, Process Design organization, safety
assessment (i.e., ISA) team, and ES&H staff as appropriate. The fire analysis results are
reflected in the design and integrated with other elements of safety through the ISA process.

As stated in CAR Section 4.1.2.3, Environment, Safety and Health (ES&H) management is
responsible for establishment of top-level project ES&H requirements and oversight of
integration of ES&H requirements for nuclear safety, radiation protection, environmental
protection, and industrial safety, which includes fire protection. Further details of the
organization for operations, which includes fire protection management, implementation, and
assessment during operations, will be provided as part of the license application.

Action:

None
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37. Figures 4-1 and 4-2, pp. 4-9 thru 4-11

Provide greater specificity in the management organization plan.

Section 4.4.3.A.iii.a of the SRP states, for key management positions, "The personnel to design
and construct the facility have the appropriate breadth and level of experience for their respective
authorities and responsibilities, as indicated in the organizational structure ..."

[A similar requirement exists for operations. Section 4.4.3.B.iii.a of the SRP states, for key
management positions, "The personnel to operate the facility have the appropriate breadth and
level of experience for their respective authorities and responsibilities, as indicated in the
organizational structure ..."]

Figures 4-1 and 4-2 provide organizational charts. The NRC would anticipate that Figure 4-1
would be more explicit vis-a-vis positions, the location of the Safety Assessment manager and
safety activities, and current design and regulatory activities. Current names and qualifications
of individuals should be supplied. In addition, on Figure 4-2, the NRC would anticipate, there
should be a link between regulatory manager and corporate management, including corporate
safety management. :

Response:

The Question 33 response refers to detailed organization charts depicting the present project
organization and the proposed construction management organization. The project organization
is the intended organization for initial construction activities. As the project progresses,
individual organizations will change in numbers and reporting relationships to best show the
emphasis for that particular phase of the project. The operations elements of the project will
become the predominant organization as the project approaches the start-up phase. Safety
assessment activities are presently under a manager reporting to the Facilities Design Manager
since they are closely related to the development of the design. The regulatory activities are
presently managed by the Licensing and ES&H organizations under the Deputy Project Manager
for Technical and Project Integration. These organizations will also develop new reporting
relationships to best meet the needs of each phase of the project.

The current incumbents for the positions shown on the project organization are as follows. Their
resumes are also included in this response.

Project Manager — Bob Thde

Deputy Project Manager — Technical & Project Integration — Tommy Touchstone
Deputy Project Manager — Engineering & Construction — Ed Brabazon

Quality Assurance Manager — Jim Brackett

Project Services & Administration Manager — Naresh Jain

Licensing Manager — Peter Hastings

Procurement Manager — Mitch Laney

ES&H Manager — Mary Birch

MFFF Plant Operations Manager — John Matheson
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Process Design Manager - Jean-Marc Belmont
Facilities Design Manager - Dick Berry

Site Engineering Manager — Jack Clemmens
Equipment Design Manager — Alden Segrest
Construction Manager — Joe King
Manufacturing Design Manager — Remi Bera
Software Design Manager — Gary Bell

Additional management personnel not associated with MFFF IROFS functions include:

Prnaitant tenla NL 1
Project Controls Manager — Frank Kania

Fuel Qualification Manager — George Meyer

Irradiation Services Manager — Richard Clark

Packing & Transportation Manager — Richard Clark (acting)
Communications Outreach — Todd Kaish

Figure 4-2 has been updated to show the functional relationships of the organization for the
operations phase of the project. This organizational chart (see attached sketch) details the
proposed DCS organization for the operations phase of the project. The organization for the
initial operation phase will include the engineering, construction, and start-up elements until final
turnover to operations is complete.

DCS was formed for the purposes of the MOX project, and the MOX Fuel Fabrication Facility is
a primary interest; thus, the plant organization essentially constitutes DCS’ corporate
organization structure during this phase. Therefore, the functions such as the Regulatory and QA
functions that require direct access to “corporate” management (i.e., “corporate safety
management,” as stated in the question) have that access through the plant/project management
function as shown in Figure 4-2. The project is also accountable to a joint Board of Governors
and has utilized and will continue to utilize the member companies for additional reviews and
lessons learned. Areas utilized include quality assurance, design control, safety assurance,
regulatory management, and project management.

Action:

In the next update of the CAR, replace Figures 4-1 and 4-2 with the new project, construction,
and operations charts; add position descriptions for the additional positions indicated above; and
clarify reporting relationships as discussed above.
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Robert H. (Bob) Thde

DUKE COGEMA

STONE & WEBSTER
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Coursework in Nuclear Engineering

.S.

28 Years Experience

fuel fabrication to commercial nuclear

; technology integration; and site
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Thomas E. Touchstone, PE
Duke Cogema Stone & Webster (DCS) CD
Deputy Project Manager — Technical & Project
Integration/Executive Vice President/ DUKE COGEMA
Chief Operating Officer STONE & WEBSTER

B.S., Civil Engineering

34 Years Experience i

Summary
Mr. Touchstone’s engineering and construction expertise includes ;

project management for nuclear and conventional electric
generation facilities, industrial projects, and a high-level waste .
repository exploratory facility. He has performed design, licensing,  I}|*
construction, procurement, start-up, planning and scheduling,
budgeting, maintenance, quality assurance, quality control, and W
regulatory compliance for commercial and Department of Energy ?p
(DOE) projects. Mr. Touchstone has also managed maintenance :
and modification activities on operating facilities. He has developed
and implemented Integrated Safety Management on a DOE
program. He has performed strategic planning and risk
management activities to assure project success.
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Deputy Project Manager-Technical & Project Integration/
Executive Vice President/Chief Operating Officer Duke
Cogema Stone & Webster 03/01 to Present

Primary responsibilities: Ji

e  Support the DCS Project Manager in managing the day-to-day
technical and project integration activities of the DCS Project. { lf ] N
Achieve excellence in ES&H compliance. L
Identify and oversee the cross-coordination functions of the
project.

e Coordinate DCS licensing efforts with the NRC for the MOX
Fuel Fabrication Facility, fuel qualification project and mission i
reactors to ensure consistency.

e  Serve as Chairman of the Duke Cogema Stone & Webster
Project Change Control Board.
Maintain project technical, cost, and schedule baselines.
Monitor project elements to ensure consistency with the
approved budget and efficient relationships among project
elements.

e Serve as Executive Vice President and Chief Operating Officer
of Duke Cogema Stone & Webster.
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Edward J. Brabazon

Duke Cogema Stone & Webster (DCS) C
Deputy Project Manager—Engineering and D
Construction
B.S., Mechanical Engineering DUKE COGEMA

STONE & WEBSTER
36 Years Experience

Summary gl RS
Prior to joining DCS on the MOX Project, Mr. Brabazon was i 5; ‘ il ‘:; i
Manager of Projects overseeing Stone & Webster’s design \:/‘r 2 ' of Projects, D E gi
N . N . . bpe e iifiiitl Diigxy igitiiil

and construction projects for DOE, including: the design of a nmus; Done & YYehsier, i;
the Actinide Packaging and Storage Facility at the Savannah Dertyer; GO, 12061908 W §1
River Site; Rocky Flats Engineers and Constructors; and h Maoagement pyersishtlil |

. . o . ) i iés ‘ b?.l.u” riall design and
plutonium stabilization and packaging designs for the Rocky A % ) SOE

Flats and Savannah River sites. Prior to that he was the Chief
Engineer and directed engineering on the Modular High
Temperature Gas-Cooled New Production Reactor for DOE, a
large, multi-company project for the production of tritium,
and participated in engineering analysis for the Plutonium
Consumption Reactor, a MOX fuel project for dispositioning
surplus weapons-grade plutonium for DOE.

btveey

Deputy Project Manager—Engineering & Construction, i -“[’m

Duke Cogema Stone & Webster

Primary Responsibilities

e Direct the engineering and design activities for the MFFF,
including conceptual, preliminary, and final design,

including establishment of the overall plant requirements f
and system functional requirements, and configuration L
management. dadior
e Implement engineering and quality assurance procedures I L uk
for the execution of the design work. o l ﬁ |
e Develop and implement a process-design technology- A 86
transfer process from COGEMA to the U.S. 19
> ;
Prepare technical input for license and permit applications. ii; Ho
Ensure that technical, cost, and schedule baselines are fl 'v&?fto
controlled for the facility. 1 i
e Prepare the cost estimate for construction, start-up, and ;
deactivation of the MFFF.
i 1 B ‘ ;
1Pr i i tham
| Rels i97 PA i ibls
(na )it i i
fill fi and
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Ralph James Brackett

Duke Cogema Stone & Webster (DCS)
Quality Assurance Manager
B.S., Metallurgical Engineering
M.S., Materials Engineering

28 Years Experience

Summary
Mr. Brackett has 28 years of nuclear experience, including 16 years

of commercial nuclear utility experience at Duke’s Oconee Nuclear
Station, in developing and implementing nuclear program
processes, plans and procedures. He also has 2.5 years experience
in managing the DE&S Richland, WA engineering office while also
serving as the DE&S Project Manager on the Tank Waste
Remediation System Privatization (TWRS-P) Project at Hanford.
He has extensive experience in developing and implementing
10CFR830.120, 10CFR50, Appendix B, NQA-1 based nuclear QA
programs, including: managing Duke Engineering & Services
(DE&S) QA activities worldwide; DOE’s Office of Civilian
Radioactive Waste Management’s M&O Contractor (TRW) QA
Program; QA for the Utility Engineering Group in support of
DOE’s New Production Reactor Project; QA Program for the
design, licensing, procurement, construction, testing, operation, and
maintenance of a dry fuel storage facility in the Ukraine; and QA
for the Louisiana Energy Services (LES) Clairborne Enrichment
Center. Mr. Brackett is presently serving as the QA Manager for
the Duke Cogema Stone & Webster (DCS) team on the Mixed
Oxide (MOX) Fuel Project.

Quality Assurance Manager, Duke Cogema Stone & Webster

03/99 to Present

e Coordinate and direct all project QA activities for the MOX
Fuel Project.

e Develop, implement and maintain the MOX Project Quality
Assurance Plan (MPQAP).

e Coordinate development, review, approval and implementation
of DCS QA project procedures.

e Serve as management liaison with NRC, DOE, state agencies,
and other project stakeholders on QA requirements and
concerns.

e Serve on the DCS Project Change Control Board.

e Monitor and evaluate QA compliance and effectiveness
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Naresh C. Jain

Duke Cogema Stone & Webster (DCS) C
Project Services and Administration Manager D
Ph.D., Management
M.B.A., McColl School of Business DUKE COGEMA
B.S., Electrical Engineering STONE & WEBSTER

B.S., Communications Technology

28 Years Experience

Summa W ’”"‘”’f&cig
Dr. Naresh Jain has over 28 years of progressive experience in Design 5 i ! '.'1‘ !
Engineering Management, Federal Contracting, Government p{ re deral C ;}? Duke
Procurements, Accounting & Finance, Safeguards & Security, Human Engi & ..hf N Incy
Resource Management, Training and Government Cost Accounting _t:h'a‘l H l
Systems for the Departments of Energy and Defense (DOE and DOD), s ior cal ot
and the National Aeronautics Space Administration (NASA). He is Frln; tp l i
responsible for negotiating team subcontracts and providing advice to Eos 11’1 é ing
the Executive Vice President on a variety of strategic business issues. ;:i;z § J]& §§Tt

’ CtS: nnd 10

Project Services & Administration Manager, Duke Cogema Stone
& Webster Fi
Primary Responsibilities

® Management of DOE’s Prime Contract

® Integration with prime of the 1% and 2™ tier subcontracts and
purchasing orders, teaming Agreements, Contractor Integration,
Government Property Controls, Small, Disadvantaged and Woman T
Owned Business Subcontracting Plans. 15l I"}ﬁ
i

e Management of the LLC employment process, Human Resources S
activities, Workforce training and other corporate services such as K
Insurance, Legal Counsel, and Audits. 1 5}%

® Project Direction on Technology and Security matters, plans and
procedures designed to mitigate certain foreign ownership and
control interests (FOCI) related to U.S. Export Control laws.
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e Direct efforts associated with the establishment and maintenance
of a MOX Safeguards and Security Program compliant with the ' i eé |
Department of Energy Protective Needs and National Security '! i i
interests. ! t;lf;?fw denien ;
® Programmatic Compliance pursuant to Executive Order 12829, I u{i} il 13{%10
Nat_ional Industrial Program (NISP) as applicable to the MOX il & uhfc 1{ It ri;' m
project AT s
® Serve as an officer of the LLC with titles: Corporate Secretary, || Power, Coll|Char]
B
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Peter S. Hastings

Duke Cogema Stone & Webster (DCS)
Licensing Manager
B.S. Nuclear Engineering

18 Years Experience

Summary
Mr. Hastings has over 18 years of commercial and DOE

engineering and management experience in the nuclear industry.
As Licensing Manager for the Mixed Oxide Fuel Fabrication
Facility, he has participated in the rulemaking and development of
regulatory guidance for the recent change to 10 CFR Part 70 and
oversees their implementation for the construction authorization
and possession-and-use license for the facility. Prior to his current
assignment, he established and oversaw systems and processes
required for licensing of the nation’s first high-level radioactive
waste repository, and managed nuclear safety analyses and long-
term performance assessment (PA) for the repository. He
established the NRC licensing and programmatic basis for the
repository’s pre-closure nuclear safety and accident analysis
program, and established the DOE’s program for assessing long-
term performance impacts during site characterization to meet NRC
requirements. He has coordinated aspects of the quality assurance
of the repository PA program, process improvements to repository
engineering and licensing systems, developed PA input to the
repository license application, and handled resolution of NRC Key
Technical Issues. In addition, prior to his repository work, he had
several years of nuclear station operations, startup testing, and
surveillance experience, and design engineering experience.

Licensing Manager, Duke Cogema Stone & Webster

Primary Responsibilities

e Coordinate and develop the license application for the MOX
Fuel Fabrication Facility (MFFF).

® Manage regulatory processes associated with the MFFF and
serve as interface with regulatory agencies regarding MFFF
activities.

® Ensure that NRC submittals for the MFFF license are of high
quality and are made in a timely manner. -

® Establish a close working relationship with the NRC staff to
facilitate timely technical review and issue of the license.
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Mitchell L. Laney C
Duke Cogema Stone & Webster (DCS) D
DCS Procurement Manager
B.S., Management DUKE COGEMA
A.S., Contracts Management STONE & WEBSTER

25 Years Experience

S rTiiiEi,iiiriiviiiiiad

Summary 111 Previous i
Mr. Laney has 25 years Federal experience in Procurement, A

with 16 of those years in the DOD arena and the remainder with
DOE National Laboratories. During his military career, he

Irad at a1l 1 1 1
worked at all levels of Procurement beginning as a Buyer and

Contracts Administrator and then as a section head over a
Contract Repair Branch. He later worked as a Staff Officer at
the Headquarters level in the Contract Review Division. After
a successful tour on staff, he was given his own Procurement
Squadron to command prior to military retirement. Once
leaving the Air Force, he began working as a Senior
Subcontracting Officer at Jefferson Laboratory responsible for
buying services, supplies, and construction. He then took an
assignment to Oak Ridge National Laboratory working on the
Spallation Neutron Source Project as a Supervisor for the
Architect Engineer/Construction Manager. Mr. Laney is
presently serving as the Duke Cogema Stone & Webster (DCS)
Procurement Manager for the Long Lead Equipment purchases
on the Mixed Oxide Fuel Project.
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DCS Procurement Manager, Duke Cogema Stone &
Webster HetfariH
02/01 to Present i
e Develop and manage a Procurement Organization. s Enﬁﬁl I&"*
e Prepare and award all solicitations for Long Lead ] ‘13). as
Procurements for the MOX Fuel Fabrication Facility. ship
e Coordinate and work closely with DCS Engineering Staff 1c ,&'
on specifications and drawings. 1@‘ 088
e Work Closely with the DCS Contracts Manger. é it
e Prepare and implement all terms and conditions for DCS. 1 I i ‘
e Establish pre-qualification procedures for Vendors. i 5;1
e Assist the DCS Director of Procurement in efforts to { ?fg;ﬁ
comply with Small Business Goals. inistrat 3{23
seaHBERN I agII R g n s i ST A ’ ]‘i ‘ 1974 1
Prdfestional Dévelopment il | s
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Mary L. Birch

Duke Cogema Stone & Webster (DCS) c
Environment, Safety, & Health Manager D

M.S., Radiation Sciences

B.S., Chemistry DUKE COGEMA
STONE & WEBSTER

34 Years Experience

Summary

Mary Birch has 34 years of environment, safety, and health
experience. She has managed radiation protection, environmental
protection, industrial safety, and hygiene programs as well as
nuclear assessments and audits for commercial nuclear facilities.
She also has experience in managing multi-tiered technical
organizations and annual budgets up to $7 million. Her
responsibilities have ranged from safety and health program
restructuring to site-wide safety assurance management. Ms. Birch
has successfully interfaced with regulatory agencies, held
responsible committee positions in industry groups, and served as
an expert witness.

e 3

Y g
Bl

ES&H Manager, Duke Cogema Stone & Webster

Primary Responsibilities

¢ Serve as management liaison with regulatory agencies,
including DOE, NRC, South Carolina Department of Health
and Environmental Control, and OSHA on ES&H
requirements.

e Establish MFFF ES&H policy. Implement policy in an iy
environmental protection program, industrial safety and 1
hygiene program, radiation and criticality safety program, and ;§l /
emergency response program. ir'

e Work closely with line management to ensure that ES&H il
requirements are consistently interpreted and integrated into i
activities across the project. I ,I;{f

® Provide consultation and direction to project staff in planning R‘gg i
and conducting work activities safely. D‘(')?

e Serve as a member of accident and near-miss investigation ?;‘;'?,‘; i
processes. ngi& L]

e Ensure compliance with ES&H requirements and resolution of i:‘f‘: i
concerns. :"*

nic

e Ensure effective selection and management of ES&H
professional resources.
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Manager

ions
1 Engineering

MFEFEF Plant Operat
M.S., Mechanica

John E. Matheson
Duke Cogema Stone & Webster (DCS)

M.S., Aerospace Engineering

DUKE COGEMA
STONE & WEBSTER

1CS

.

B.S., Phys

33 Years Experience

Nohad >
Ot

=
-

P

assembly and related component design and manufacturing. He has

provided contract management for fuel delivered to Duke Power’s
seven nuclear reactors. He managed the fuel consolidation project

John Matheson has 33 years of experience mainly in nuclear fuel
for FCF. He has been responsible for the design and manufacture

Summar

(=4

of nuclear fuel assemblies, components, and in-core detectors. Mr.

I

Matheson was also responsible for materials management, facilities
management, and scheduling and cost management for FCF’s
Lynchburg Fuel Operations as well as Engineering, Quality and

Lynchburg Manufacturing Facility. In his most recent assignment
R&D for the Fuel Business Group.

he is responsible for the operation of both the Richland and

Manager, Duke Cogema Stone &

MFF Plant Operations

Webster

® Direct and coordinate operability reviews during design.
® Direct fabrication and development of lead assemblies.

® Provide operational input to design and licensing.

Primary Responsibilities

® Develop operations procedures, training, and qualification
programs for plant operations staff.

® Serve as primary interface with NRC during facility operations.
® Incorporate American fuel fabrication operating experience into

® Direct and participate in startup testing.

MOX Fuel Fabrication Facility (MFFF) operations.
® Ensure design provisions that will facilitate compliant operation

of the MFFF.

37-12
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Jean-Marc Belmont

Duke Cogema Stone & Webster (DCS) C
Process Design Manager D

DUKE COGEMA
30 Years Experience STONE & WEBSTER

Summary
In 30 years of experience, of which 23 years in nuclear

industry, Jean-Marc Belmont has managed multicultural
teams across a spectrum of disciplines: research, design,
engineering, construction, and operation. He led the
successful construction and startup of nuclear power plants in
France and South Africa as well as a plutonium reprocessing
plant. Mr. Belmont managed the 70 MThm/year MELOX
Extension project, from design conception through
operational testing. This was a state-of-the-art, third-

;g;::: »
o

s

-y

generation MOX fuel fabrication facility. Mr. Belmont kept Eroje
the project within budget and on schedule, even with an i f"‘}é}‘
aggressive 3.5-year schedule for procurement, construction, i
and start-up. it
]}
*.
Process Design Manager, Duke Cogema Stone & Webster il
Primary Responsibilities EDl;; %;%
e Ensure design functionality of the plutonium polishing, e :
powder, pellet fabrication, cladding and assembly, waste i g
management, and laboratory areas. At
e Implement process control design based on European E!ﬁl |
technology, as proven in the La Hague and MELOX 0d1§835 i e
facilities operated by COGEMA. %:‘& [ U‘ | ‘
® Prepare the startup plan under the direction of the Fuel E’E‘S ({ﬁ g%g 4 'p U
Fabrication Services Manager. ¥ r%%: R ‘1 i
e Oversee facility startup and transition to operation, with . {???3[ { n cg cd two
particular emphasis on European facility lessons learned. %}’é m'é? o 2 gm: HIAC
i er !
e Ensure compliance with environment, safety, and health i Velopment &
requirements. onst / -,:f?t;, ¥, fzai;f:atgx‘n i
0 suriSaon ranc
i SRR T i it
it al Developme i I
Uranitum/Pliton Risk|& Pr Pl i U
RURBT Rt maintenance! leading
Busin zement, 50 : s
Ne 511 lmary “:a]ii’!()ft"
nii | A
il i aittii
s ' | i Hitin
1iClea i T
| Eren #3 s i il
RIEHI TiTtied 15 Piikit i
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Richard A. Berry

Duke Cogema Stone & Webster (DCS)
Facility Design Manager
B.S., Nuclear Engineering
M.S., Mechanical Engineering

30 Years Experience

Summary
Mr. Berry has 18 years of A-E design experience in the commercial

nuclear power industry. During his career he has assumed
increasing levels of responsibility. He has been assigned as
Principal Nuclear Engineer, Lead Power Engineer, Assistant Project
Engineer and Project Engineer on various nuclear power projects.
Since 1989 he has primarily worked in the DOE complex. He has
performed individual engineering consulting and project
engineering management at Savannah River, Rocky Flats, Hanford
and at the Lawrence Livermore National Laboratory.

Prior to joining Stone and Webster in 1971, he served as an officer
in the US Navy.

Facility Design Manager, Duke Cogema Stone & Webster

2000 to Present

Primary Responsibilities:

o Establish the facility safety strategy and design criteria
necessary to meet 10CFR70

¢ Develop unique facility design features to satisfy safeguards
and security requirements.

e Integrate the facility design with the Savannah River Site and
the Pits Disassembly and Conversion Facility.

e Integrate process design requirements into the overall facility
design.

e Direct the development of all design documents leading to
facility construction specifications and drawings.

e Coordinate facility design input into the construction cost
estimate.

e Provide technical input and support to the NRC licensing effort.
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John P. Clemmens
Duke Cogema Stone & Webster (DCS)

Site Engineering Manager CD
Deputy Manager—MFFF Design
B.S., Civil Engineering DUKE COGEMA
M.S., Civil Engineering STONE & WEBSTER

27 Years Experience

Summary
Prior to joining DCS on the MOX Project, Mr. Clemmens was the

site engineering manager for the Actinide Packaging and Storage
Facility at the Savannah River Site (SRS). Previously, he was the
project manager for Stone & Webster on two technical support
contracts for DOE at SRS; the “K” Reactor restart and Defense
Waste Processing Facility. Prior to that he managed the
construction aspects of all corporate conceptual design projects. He

o
S Ao L ——Q«-(D‘—mw..m.

G Qe R A T S B
& LI
&

® Provides primary interface between the Duke COGEMA Stone
& Webster (DCS) engineering and construction team and the
Savannah River Site.

® Develops all Work Task Agreements (WTA) between DOE,
DCS and the M&O contractor at SRS. Key activities include
site development, utilities, waste management, construction,
and operations interfaces.

e Conducts MFFF related research and development tasks with
Clemson University

also managed the successful construction completion of the if A
civil/structural and mechanical aspects of the Nine Mile Nuclear e quire W L%* 1
Station- Unit 2 in Oswego, NY. F [ %Z %II%: :il,gxn
: e Title

A e IS
Site Engineering Manager Z{ﬁj giiug 3 . the n tialiphasesiof
Duke Cogema Stone & Webster i [’?‘?F'

. S roject Manager.

Primary Responsibilities 1%;’31'&* .iw; il rl

{ LT

i

ol ¥ 9 5 € 9 9 o w )

® Assists the Deputy Project Manager- Engineering and
Construction for managing the engineering and design activities
for the MFFF.

® Responsible for staffing of the engineering effort to ensure that
technical, cost, and schedule baselines are met for the facility

el e
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Alden M. Segrest

Duke Cogema Stone & Webster (DCS)
Manager, Equipment Design Group and Systems
Engineering
B.S.ML.E, M.B.A.

31 Years Experience

Summary

Mr. Segrest has provided engineering management and leadership
for major projects and large organizations. He has managed
engineering activities to design an underground exploratory studies
facility, a nuclear waste repository and a spent nuclear fuel disposal
package. He managed design engineering work during final
construction and startup of McGuire Nuclear Station. He has
successfully managed engineering organizations in the highly
regulated nuclear environment and in a competitive commercial
environment.

Manager of Equipment Design Group and Systems

Engineering, Duke Cogema Stone & Webster

11/99 to Present

¢ Design of MOX process and Aqueous Polishing gloveboxes

e Development of glovebox process and equipment design
specifications.

Manage engineering integration activities.
Manage configuration management, design control and
document control functions for engineering organization.

¢ Manage engineering integration activities including design
reviews, action item lists, and other intergroup activities.

e Manage functions as required to establish and maintain
technical baseline requirements, engineering processes and
integration and certain administrative functions.

¢ Maintain Design Requirements Document to comply with
requirements of the DOE contract, SAW and applicable
regulatory requirements and provide high level resign
requirements relevant to the MOX Fuel Fabrication Facility.
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Joseph M. King

Duke Cogema Stone & Webster (DCS)
Construction Manager

B.S., Mechanical Engineering

31Years Experience

Summary
Joe King has 31years of experience and management achievements

in the construction industry. He also has 23 years of experience in
the government nuclear and commercial nuclear environment. He
has been responsible for project management, construction
management, and construction activities at government nuclear
facilities, nuclear power and fossil power plants, and various
industrial facilities. He has managed large construction projects
and fixed-price subcontractors, and has supervised direct-hire
crafts. His experience includes new facility construction,
renovation, and expansion work for industrial and commercial
projects involving multidisciplinary activities.

Construction Manager, Duke Cogema Stone & Webster

Primary Responsibilities

e Manages all Construction Management and construction related
activities at the MFFF

e Provides construction planning, estimating, scheduling, long
lead procurement and other preconstruction activities

® Develop a close working relationship with procurement and
engineering for timely release of the construction bid package;
participate on the subcontractor selection board; and assure
timely support for subcontractor mobilization.

® Assure early involvement with the project to provide
constructability reviews and to identify opportunities for using
advanced construction methods.

® Provides construction input to the construction acceptance
testing and cold startup planning

Assure adherence to construction quality plans.

Verify that the constructor and subcontractor companies
incorporate project safety and health standards in their

processes.
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Rémi Béra

Duke Cogema Stone & Webster (DCS) C
Integration Design Group Manager 3
M.S., Mechanical Engineering DUKE COGEMA
M.S., Nuclear Engineering STONE & WEBSTER

16 Years Experience

Summary
Prior to joining DCS on the MOX Project, Mr. Béra has 16 years of

experience in the nuclear industry in France and worldwide,
including four years of experience in the U.S. as a Design Engineer
with Babcock & Wilcox Fuel Company under a U.S. Department of
Energy contract for which he managed the transfer of French spent
nuclear fuel transportation cask technology to the U.S. He has eight
years of experience with COGEMA, including seven years with a
major COGEMA supplier (five as Nuclear Business Manager),
during which he managed the design, fabrication, installation, and ‘
start-up support for integrated functional equipment for the i
MELOX MOX fuel fabrication plant, the MELOX extension "
project, the Cadarache revamping project and the La Hague facility.
Mr. Béra has managed a number of nuclear equipment R&D,
design, fabrication, and testing projects during his career, including
the conceptual design of an interim spent fuel storage facility.

oS

S ?

Integration Design Group Manager, Duke Cogema Stone & g
Webster i
Primary Responsibilities 1

® Direct the manufacturing engineering for the MFFF process
units, including manufacturing design, procurement engineering pi
and integrated testing. i it

Lomy ¥

Oy

Deliver to the site process units that meet MFFF requirements.
Direct transfer of the process units to Construction and

g on v
=)

Operations. % 1
e Ensure that technical, cost and schedule baselines are controlled i I
for the IDG scope. Lh
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® Implement engineering and quality assurance procedures for the esi o :
execution of the IDG scope. Vilcox Fuel'Co
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Gary Bell

Duke Cogema Stone & Webster (DCS)
Software Design Group Manager and
Lead Electrical Engineer
B.S., Electrical Engineering

24 Years Experience

Summary
24 years of technical experience in electrical engineering and

engineering management in both commercial nuclear power and
U.S. Department of Energy projects. Most recent experience as
the lead electrical engineer for the DOE Actinide Processing and
Storage Facility which was designed stabilize, repackage and
store special nuclear materials, primarily plutonium metal and
oxide powder.

Software Design Group Manager and Lead Electrical

Engineer, Duke Cogema Stone & Webster

03/99 to Present

¢ Direct MFFF software development activities

¢ Implement engineering and quality assurance procedures for
the execution of Software Design Group scope.

* Design of the electrical distribution system for the MOX
Fuel Fabrication Facility.

¢ Design of the Instrument and Controls for the mechanical
and electrical utilities.

¢ Development of the construction specifications for the MOX
process and the mechanical and electrical facilities.

¢ Design of the physical security systems for the MOX Fuel
Fabrication Facility and the preparation of the security
program documents

e Development of the Measurement Control and Accounting
program for the MOX Fuel Fabrication Facility and design
of the required instrument systems.

e Incorporation of the surveillance equipment of the IAEA into
the design of the MOX Fuel Fabrication Facility process.

e Preparation of the licensing documents of Electrical systems,
1&C systems, physical security systems, MC&A program,
human factors design, and protection of classified material.
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C Mixed Oxide Fuel Fabrication Facility
D Construction Authorization Request
STONE 8 WEBSTER Responses to NRC Request for Additional Information

CHAPTER 5, INTEGRATED SAFETY ANALYSIS

38. Section 5.2, p. 5.2-1

Clarify the makeup and functions of the "Safety Assessment Team."

Section 4.4.3.A.iii.a of the SRP states, for key management positions, "The personnel to design
and construct the facility have the appropriate breadth and level of experience for their respective
authorities and responsibilities, as indicated in the organizational structure...”

[A similar requirement exists for aperations. Section 4.4.3.B.iii.a of the SRP states, for key
level of experience for their respective authorities and-responsibilities, as indicated in the
organizational structure..."]

Section 5.2 of the application is entitled, "Safety Assessment Team Description." However, no
specific individuals and their qualifications are identified. In addition, fuel fabrication and/or
MOX experience is not mentioned. The NRC would anticipate that personnel of appropriate
experience and qualifications would be identified to ensure that safety and safety-related issues
are adequately assessed.

Response:

The makeup of the SA team changes over time and with the processes and hazards evaluated.
Therefore, no specific individuals and their qualifications are identified in the CAR. However,
in accordance with the guidance in the SRP, key roles were identified for the SA Manager and
the SA Team Leaders. In addition, DCS committed to the use of subject matter experts relative
to the hazard being evaluated. Guidance provided in NUREG-1718 Section 5.4.3.2(B)(iv)
requires that the ISA team leader is trained and knowledgeable in the safety assessment process
chosen and that at least one member of the team has knowledge and familiarity in the process
under evaluation. CAR Section 5.2 does note that, “The SA Team Leader(s) is knowledgeable in
the specific SA methodologies chosen for the hazard and accident analyses and has an
understanding of process operations and the hazards under evaluation.” Instead of naming
specific individuals, Section 5.2 of the CAR specifies the disciplines and experience base of the
team.

More information on the key roles in the ISA team is provided below.

The current SA Manager has extensive experience in management related to safety analysis at
commercial nuclear and DOE facilities. The SA manager’s commercial nuclear experience
includes management, safety analysis, and licensing of BWRs, PWRs, and spent fuel storage
projects. Past DOE experience includes the management of Savannah River Reactor restart
efforts.
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C Mixed Oxide Fuel Fabrication Facility
D Construction Authorization Request
STONE 8 WS TER Responses to NRC Request for Additional Information

The current SA Team leader also has extensive experience in Safety Analysis at commercial
nuclear and DOE facilities. Directly reporting to the SA Team leader are a Criticality Lead, a
Safety Analysis Lead, and a Radiation Safety Lead.

The Criticality Lead is responsible for performing all criticality analyses, as described in
Chapter 6 of the CAR

The Safety Analysis Lead is responsible for MFFF safety analysis including the hazard analysis,
accident analysis, and the safety assessment of the design basis. This individual and the current
- team that reports to him have extensive experience in performing all forms of safety analysis —
== —including hazards assessments, HAZOP, What If, Fault Tree/ PRA, and other forms of accident o,
- analysis. This experience consists of work performed on DOE and NRC licensed facilities, as -
well as direct safety analysis experience on the La Hague and MELOX facilities.

The Radiation Safety Lead is responsible for the implementation of radiation protection as
described in Chapter 9 of the CAR.

Although “fuel fabrication” experience is not specifically mentioned, Section 5.2 does specify

that team members “possess operational experience at similar facilities” (the “similar facilities”

means, for example, MELOX, a MOX fuel fabrication facility). It also specifies that the team

has “MOX-specific safety analysis experience.” The DCS SA team employs the operational
~experience of persons from COGEMA’s La Hague and MELOX facilities. The bulleted list in “

- therseeonxhpavagraph-of Section 5.2 provides examples of the expertise used. -

Action:

None
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G Mixed Oxide Fuel Fabrication Facility
:) Construction Authorization Request
i Responses to NRC Request for Additional Information

39, Section 5.4.3. pp. 5.4-8 and 5.4-9; Section 5.5.2.4.6, pp. 5.5-27 thru 5.5-31

Provide more quantification or other specificity for likelihood definitions and reliability
requirements of the process safety 1&C system.

Section 8.3 of the SRP states, "Information contained in the application should be of sufficient
quality and detail to allow for an independent review, assessment, and verification by the
reviewers. Some information may be referenced to other sections of the application, or
incorporated by reference, provided that these references are clear, specific, and essentially
complete." SRP Section 8.4.3.1 states that an application would be acceptable if it addresses the
baseline design criteria for chemical safety and-tnciudes:anformation.on the chemicals, process,
equipment, inventories, ranges, and limits— At the construction permit stage, this would be
expected to include design bases and values for these items, with sufficient system description to
allow verification of the design bases and values. Sections 8.4.3.5 B, C, D, and F recommend
that design bases, process safety features, and IROFS be included in the application.

Section 5.4.3 mentions likelihood definitions and states, "In general, qualitative methods will be
used ..." Section 5.5.2.4.6, "Safety Evaluation," relies upon the process safety 1&C system as
the principal SSC/IROFS for many events. However, it is not clear how the likelihood/reliability
of the process safety I1&C system - and other principal SSCs/IROFSs for that matter - meets the
likelihood requirements of Part 70. This is exacerbated by the lack of quantification or
numerical values and ranges for the reliability of the process:safety I&C system. An explanation
of the layers of protection and their reliability/likelihoexds: %ot included .. For example,
commitment to a Class 1 safety instrumentation system might have a Probability of Failure on
Demand (PFOD) of 0.1, a class 2 system a PFOD of 1E-02, and a Class 3 system a PFOD of
1E-03. In the absence of more quantitative information, it is not possible to make a safety
determination.

Response:

The SRP (NUREG-1718) discusses the regulatory acceptance criteria for likelihood under
5.4.3.2.B.iiv:

The regulations of 10 CFR 70.65 require the applicant’s ISA Summary to provide
definitions of the terms unlikely, highly unlikely, and credible. The applicant’s
definitions of these terms is acceptable if, when used with the applicant’s method of
assessing likelihoods, they provide reasonable assurance that the performance
requirements of 10 CFR 70.61 can be met.- -The applicant’s method of likelihood
evaluation and the definitions of the likelihood terms are closely related. Qualitative
methods require qualitative definitions. Such a qualitative definition would identify the
qualities of IROFS controlling an accident sequence that would qualify that sequence as
"unlikely" or "highly unlikely."

In the CAR, DCS has committed to ensuring that all event sequences are either of low
consequence or are made highly unlikely, through the application of sufficient controls, to meet
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G Mixed Oxide Fuel Fabrication Facility
3 Construction Authorization Request
StoME & wEDSTER Responses to NRC Request for Additional Information

the performance requirements of 10 CFR 70.61. The following definition of highly unlikely is
provided in the CAR:

Highly Unlikely — Events originally classified as Not Unlikely or Unlikely to which
sufficient principal SSCs are applied to further reduce their likelihood to an acceptable
level (see discussion below).

To clarify the level of risk reduction provided, DCS has developed an approach for
implementing the proposed definition of highly unlikely that includes the following elements.

(1) For the-facility worker, DCS commits to utilizing the following deterministic design criteria
===ty establish<he-safety/ticensing basis=fi.€;; to meet the performance requirements of 10 CFR
70.61), consistent with the historical licensing basis for nuclear facilities:

Application of the single failure criteria (or double contingency for nuclear criticality);
Application of 10 CFR 50 Appendix B, NQA-1;

Application of Industry Codes and Standards; and

Management Measures, including surveillance of IROFS (i.e., failure detection and repair
or process shutdown capability).

(2) For the site worker and public, DCS commits to the aforementioned deterministic design
criteria-to establistrthe safety/licensing basis.

In conjunction with (but separate from) the safety/licensing basis, and to provide additional
confidence in the demonstration of the adequacy of these deterministic design criteria, DCS also
commits to a supplemental likelihood assessment for events, excluding NPH, that could result in
consequences that exceed the threshold criteria for the site worker or the public. This
supplemental likelihood assessment will be based on the guidance provided in the MFFF SRP
(NUREG-1718) and will demonstrate a target likelihood index comparable to a “score” of -5 as
defined in Appendix A of the SRP.

The demonstration of compliance will be part of the ISA and reflected in the ISA Summary
accompanying the license application.

Action:

Revise the CAR to include the above commitments.
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<) Construction Authorization Request
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40. Section 5.4.3, pp. 5.4-8 and 5.4-9

State whether "unlikely" as defined in Section 5.4.3 of the application for intermediate
consequence events is considered equivalent to "unlikely" as defined in the double contingency
principle.

"Unlikely" is defined in this section for the purposes of performing the ISA, but no definition of
the term in the double contingency principle is provided. This term is part of the definition of
double contingency, and the staff must understand what the applicant means by this to determine
whether the requirements of 10 CFR 70.64(a)(9) have been met.

Response:

The 10 CFR 70.61(d) requirement to limit the risk of criticality by ensuring subcritical
conditions under all normal and credible abnormal conditions, and the 10 CFR 70.64(a)(9)
requirement to adhere to the double contingency principle, combine to effectively preclude
criticality. DCS had anticipated that meeting 10 CFR 70.61(d) and 10 CFR 70.64(a)(9) obviated
the need to demonstrate separately compliance with 10 CFR 70.61(b) and (c) (i.e., neither
intermediate nor high consequences will occur from an event that is prevented). Therefore, the
CAR was not intended to equate "double contingency" with "highly unlikely." Rather, the
discussion in Section 5.4.3 was intended to convey the satisfaction of two separate criteria: that
application of the double contingency principle would provide for compliance with the -
performance requirement of 10 CFR 70.61(d), and that the application of deterministic/single-
failure criteria (in accordance with traditional engineering methods) would satisfy the
performance requirements of 10 CFR 70.61(b) and (c).

For preventing or mitigating postulated events other than criticality, the response to Question 39
provides the rationale and clarifies the commitments regarding making the consequences of such
events highly unlikely.

For criticality events, DCS has committed in Section 6.3 of the CAR to demonstrate application
of the double contingency principle in order to comply with the requirements of 10 CFR
70.64(a)(9) and 70.61(d), using established and accepted methods and definitions found in the
ANS/ANSI 8-series standards. As indicated in NUREG-1718 (Section 5.4.3.2.B.vii.b(4)), "one
acceptable definition of highly unlikely is a system of IROFS that possesses double-contingency
protection, where each of the applicable qualities is present to an appropriate degree." DCS
believes that the application of these standards along with the provisions below result in the
"appropriate degree" necessary for demonstration of double contingency to equate to highly
unlikely in the event separate compliance with 10 CFR 70.61(b) and (c) is required:

e Commitment to the use of engineered features over administrative controls wherever
practical

e Conservative assumptions and use of design margin
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¢ Demonstration of independence in unlikely process changes that would have to occur for
criticality to be possible

e Application of management measures such as IROFS surveillance under a 10 CFR 50
Appendix B QA program.

Action:

DCS requests clarification from the NRC of the separate applicability of 10 CFR 70.61(b) and
(c) to postulated criticality events that are prevented in accordance with 10 CFR 70.61(d) and
64(a)(9). Upon receipt of additional guidance from theNRCthe CAR will be revised to reflect
this information appropriately.
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41.  Section 5.4.3, pp. 5.4-8 and 5.4-9

Explain the statement in Application Section 5.4.3 that "application of the double contingency
principle and/or single-failure criteria (in accordance with traditional engineering methods) is
sufficient to satisfy the performance requirements of 10 CFR §70.61." Demonstrate how
application of the double contingency principle ensures that criticality is "highly unlikely".

10 CFR Part 70 contains two different requirements (among others) that must be met for
criticality safety: the requirement in §70.61(b) that high-consequence events must be "highly
unlikely”, and the requirement in §70.64(a)(9) for criticality control including adherence to the
-~ --z=-double:contingeney principle. These are not necessarily equivalent. e b eemed

Response:
Refer to the response to Question 40.
Action:

None
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42. Section 5.4.4, pp. 5.4-9 thru 5.4-14

Revise the description in Section 5.4.4 that members of the public and the environment are
considered to be outside the controlled area boundary approximately 5 miles (8 km) from the
MFFF building stack.

NRC considers Savannah River Site workers who are outside the MFFF restricted area but
within the controlled area boundary and who are not closely and frequently connected to the
licensed activity as members of the public. Further, the definition of 2 member of the public
does not preclude these individuals from being present in the controlled area.

Section 10.4.3.C.ii.c of the SRP recommends that the applicant use acceptable methods for
estimating consequences from accident sequences that result in radiological releases to the
environment. With regard to considering the affected environment to be outside a 5 mile radius
from the MFFF building stack, NRC regulation 10 CFR 70.61(c) describes several intermediate
consequence events, including a "24-hour average release of radioactive material outside the
restricted area in concentrations exceeding 5000 times the values in Table 2 of Appendix B to
Part 20." The calculation of this 24-hour average release concentration is described in Equation
5.4-3 on page 5.4-11 of the application. A term in this equation is the atmospheric dispersion
factor for a member of the public. The derivation of the value for this factor is described in
section 5.4.4.1.3.1, which states that the factor was derived using a distance of 5 miles (8 km)
from the point of release. However, 10 CFR 70.61(c)(3) describes theintenmediate consequence
event as a release outside the restricted area. In section 1.1.2.1, DCS describes therestricted area
boundary as "coincident with the protected area, an area encompassed by physical barriers and to
which access is controlled, as shown in Figure 1.1-2." From Figure 1.1-2, it appears that the
protected area boundary is approximately 650 feet from the plant stack, not 5 miles (8 km).

Response:

This response is provided in two parts. The first part addresses the controlled area boundary
questions; the second part addresses accidental releases to the environment.

CAR Section 5.4.4 will be revised to delete the reference to the “environment? concerning
consideration of radiological consequences outside the controlled area boundary. Radiological
consequences to the environment will be assessed outside the MFFF restricted area in
accordance with the regulation.

Controlled Area Boundary

As discussed in the response to Question 2, the controlled area boundary has not been changed; it
is described in Section 1.1.2.1 of the CAR. The boundary is approximately 5 miles from the
MFFF site. The response to Question 1 provides the basis for DCS’ position that SRS workers
are not “members of the public.”
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Accidental Releases to the Environment

The calculation of the 24-hour average release concentration (environmental concentration
calculation) will be revised in accordance with 10 CFR 70.61(c)(3) for the intermediate
consequence event as a release outside the restricted area.

Action:

CAR Section 5.4.4 will be revised to delete the reference to the “environment” concerning
consideration of radiological consequences outside the controlled area boundary. Radiological
consequenees-to-thesgmvironment will be assessed outside the MFFF restricted area in
accordance with the regulation.
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43. Section 5.4.4.1.1, pp. 5.4-9 thru 5.4-10

Explain how the duration of entrainment events is limited in deriving the source term for
entrainment events.

Section 10.4.3.C.ii.c of the SRP recommends that the applicant use acceptable methods for
estimating consequences from accident sequences that result in radiological releases to the
environment. In Section 5.4.4.1.1, DCS states that "for entrainment events, the airborne release
fraction is replaced with the airborne release rate (ARR) multiplied by the entrainment duration
(i.e., ARF = ARR x duration)." However, in Section 5.4.4, DCS states that "no evacuation is

-2 = credited for the assessment of the unmitigated radiological consequences." .Since exposure to ™ .. . £ e

material at risk is not limited by evacuation for entrainment events, DCS should explain how the
exposures are otherwise limited. For example, does the duration of the event coincide with the
complete expenditure of the material at risk?

Response:

A few events identified in the PHA include entrainment as part of the consequence analysis.
These events involve backflow through a system connected to a glovebox and involve small
amounts of material. The unmitigated analysis assumes the entrainment portion of the release
occurs for one-hour assuming no evacuation. Although a one-hour time period has been

-assumed 4a the calculation of unmitigated consequences for entrainment events, assuming a T Ay
tonger duration would not change the safety strategy applied to this event. This occurs becausea = ° =

principal SSC is present to mitigate any potential release. This principal SSC, the C4
confinement system, is credited in the CAR for meeting the performance requirements of 10
CFR 70.61. It prevents the entrainment event from occurring. Consequently, there are no
entrainment events that are screened on the basis of low unmitigated consequences (i.e., they are
not listed in Table 5.5-25). Thus, even if the entrainment duration is assumed to be much longer
than one hour and results in the entire MAR being involved in the event, the specified principal
SSCs would not change, and the mitigated consequences would be acceptable. Note that the
unmitigated consequences associated with backflow events are orders of magnitude below the
unmitigated consequences associated with the bounding events.

Action:

The CAR will be revised to reflect this information.
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44.  Section 5.4.4.1.2, pp. 5.4-10 thru 5.4-12

Calculate the effluent concentration ratio without taking credit for the respirable fraction.

SRP Section 9.1.4.6.3.A recommends that the applicant use appropriate and verified assessment
methods, computer codes, and literature values. Equation 5.4-3, the equation for 24-hour
average effluent concentration ratio, contains a term for source term (ST) which is the same term
as that used in Equation 5.4-2 for total effective dose equivalent to human receptors. The
definition of source term, which is provided in Equation 5.4-1, has a term for the respirable
fraction (RF). However, the inclusion of RF in source term derivations for demonstrating
compliance with 10 CFR 70.61(c)(3).isnetappropsate=-Thisperformance requirement relates to
protection of the environment, not to protection of human health. Therefore, the applicant
should demonstrate that the performance requirement is met for the entire range of particle sizes
released to the environment, not just the respirable particle sizes.

Response:

Equation 5.4-3 will be revised to address the full range of particle sizes associated with the event
and effluent concentration calculations will be revised accordingly. See the response to
Question 42 for additional information related to the effluent concentration calculation.

Action:

The CAR will be revised to reflect this information.
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45. Section 5.4.4.1.2, pp. 5.4-10 thru 5.4-12

Clarify how dose conversion factors from Federal Guidance Report No. 11 were chosen with due
consideration for the chemical forms of radionuclides involved in accident scenarios.

Section 9.1.4.6.3.A of the SRP recommends that the applicant use appropriate and verified
assessment methods, computer codes, and literature values. Section 5.4.4.1.2, "Dose
Evaluation," describes the assumptions for calculating bounding total effective dose equivalent
to individuals exposed during accidents, including the use of Federal Guidance Report No. 11 as
the source of dose conversion factors used in the analysis. In many cases, Federal Guidance
.Report No.-ElL.providesadeseconuersion.facters-for more than one chemical form (or solubility)
of the radionuclides listed. These multiple forms are represented by the transportability
classes D, W and Y, where, for plutonium, the more limiting dose conversion factors are
generally associated with class W compounds (such as plutonium nitrate). The application does
not contain a description in Section 5.4.4.1.2 of how the solubility of various chemical forms of
plutonium and americium were considered in performing the dose assessments.

Response:

Selection of the dose conversion factors (DCFs) from Federal Guidance Report No. 11 is based
on the form of the potential releases from the MFFF when received by the dose receptor. For the
MFFF, dose receptors-are-somsemwatively assumed exposed to oxides of unpolished plutonium,
polished plutonium, and/esiranmsem: Fhus, Y clearance class DCFs have been used for all
nuclides except americium, which only has a W clearance class DCF.

This is a conservative assumption based on the following:

The assumed release forms (i.€., oxides) have specific activities (molecular) greater by
approximately a factor of 2 than those of other potential release forms (e.g., plutonium oxalates
and nitrates), including those that are considered more soluble.

The difference between the DCF's of the various clearance classes (< 2 for effective dose
conversion factors).is not as significant as the difference in the specific activities (molecular).

Thus, the following relation exists:

[(specific activity)x(DCF)] ... = [(specific activity)x(DCF)]

oxide nitrate,oxalate, et al.

Releases of soluble materials are further bounded by those of the insoluble form because the
amount of material at risk in the bounding events for soluble releases is smaller than the amount
of material at risk for the insoluble releases (by approximately a factor of 6).

Action:

The CAR will be revised to reflect this information.

31 August 2001 45-1



o Mixed Oxide Fuel Fabrication Facility
Q“D Construction Authorization Request
cronnE e Responses to NRC Request for Additional Information

46. Section 5.4.4.1.3. pp. 5.4-12 thru 5.4-13

Provide the hourly meteorological data for the period from January 1, 1987 through
December 31, 1996 that was collected from the H-area meteorological tower. Include the
standard deviation of the horizontal wind direction fluctuations (sigma-theta), derived stability
class, wind direction, wind speed and accumulated precipitation for each hour. Include a
description of how stability classes are derived using sigma-a and sigma-theta.

Section 5.4.3.2.B.v of the SRP recommends that the applicant provide a scientifically correct and
reasonable estimate of the consequences from analyzed accidents. Several radiological accident
consequence models that NRC may use to verify the applieant’s dosewalculationsrequire hourly
measurements of meteorological data. Therefore, the NRC staff must have the actual hourly
data, rather than statistical summaries, to verify the correctness and reasonableness of the
applicant’s estimates.

Response:

All downwind transport wind direction, wind speed, stability class, and sigma-theta data were
extracted from two separate five-year data bases (1987 to 1991 and 1992 to 1996), which contain
a complete sequential record of quality-assured SRS hourly meteorological data monitored on
the H-Area meteorological tower.

All values of an empirical atmospheric turbulence intensity parameter that can be related toa -
Pasquill stability category are automatically derived by a microprocessor on the meteorological
tower. Stability classes were based on the measured values of the standard deviation of
fluctuation about the mean horizontal wind direction.

Stability categories A through G were assigned according to the range of magnitudes of sigma-
theta as summarized in Table 1. Hourly precipitation data were obtained from records collected
by the National Weather Service Office in Augusta, Georgia (Bush Field) and published by the
National Climate Data Center (NCDC). All values of mixing height were calculated from data
sets of twice daily mixing height supplied by NCDC. The daily values were determined by
NCBC from a standard algorithm that used radiosonde ascents for Athens, Georgia (January
1987 through August 1994) and Atlanta, Georgia (September 1994 through December 1996),
and concurrent surface data from Bush Field as input data.

The attached Meteorological Data File (on CD) contains ten files that contain hourly
meteorological data used as input to the MELCOR Accident Conséquénce Code System (i.e.,
MACCS2). These files were extracted from the SRS database and contain a one-year data set for
each of the years 1987 through 1996. The MACCS2 data sets consist of hourly-averaged values
of plume transport sector (22.5-degree sector toward which the wind blows), wind speed (tenths
of meters per second), Pasquill atmospheric stability category (1-7), and precipitation
(hundredths of inches). In addition, the last line of each file gives seasonally-averaged values of
morning and afternoon mixing height. Wind transport sectors in the MACCS?2 files were
assigned according to the transport direction ranges given in Table 2. The MACCS2 file format
is described in Table 3.
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The attached Meteorological Data File (on CD) contains ten files used as input into the
ARCON96 computer code, one for each of the calendar years 1987 through 1996. Each file
consists of a five-character station identifier (SRSOH), Julian day, hour (local time), wind
direction (i.€., the direction the wind blows from) in degrees azimuth, wind speed in meters per
second, and Pasquill stability classes (1-7 or A-G). All data were extracted from two separate
five-year databases (1987 to 1991 and 1992 to 1996), which contain a complete sequential record
of quality-assured hourly data. ARCONO6 file format is described in Table 4.

The attached Meteorological Data File (on CD) contains eight files of hourly meteorological data
used as input to the Environmental Protection Agency's Industrial Source Complex (ISC)
atmospheric dispersron medel-~Ehese-fitescon

v IEANO W A ERACRA T RS L AN

e-year-data-set for each of the years 1989
through 1996. The ISC data sets consist of hourly values of transport direction (i.c., degrees
toward which the wind blows), wind speed (meters per second), mixing height (meters), ambient
temperature (degrees Kelvin), and Pasquill atmospheric stability category. The ISC file format is

described in Table 5.
Action:

None
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Table 1. Determination of Stability Class from Sigma-Theta Measurements

Sigma-theta* Pasquill Stability Stability

Range (degrees) Category Identifier

Greater than 22.4 A 1

17.5-22.4 B 2

12.5-17.4 C 3

7.5-12.4 D 4

3.8-7.4 E 5

2.1-3.7 F 6
Less than 2.1 G 7

* Sigma-theta range assignments are based on criteria contained in ANSI/ANS-3.11 (2000).

Table 2. Determination of Downwind Transport Direction Sector*

- lnses Bewmwinds=Transport Direction Downwind Transport Sector L e
Range (degrees) Sector Identifier
348.75-11.25 North 1
11.25-33.75 North-northeast 2
33.75-56.25 Northeast 3
56.25-78.75 East-northeast 4
78.75-101.25 East S
101.25-123.75 East-southeast 6
123.75-146.25 Southeast 7
146.25-168.75 East-southeast 8
168.75-191.25 South 9
191.25-213.75 South-southwest 10
213.75-236.25 Southwest 11
236.25-258.75 West-southwest 12
258.75-281.25 West -~ - S 13 o -
281.25-303.75 West-northwest 14
303.75-326.25 Northwest 15
326.25-348.75 North-northwest 16

* downwind transport direction is the direction the wind is blowing toward.
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Table 3. Format of the MACCS Meteorological Data Files

Column
2-4

6-7
9-10
11-13
14
15-17

Format
I3
12
12
I3
I3
13

Description

Julian day of the year

Hour of the Day (GMT)

Transport direction sector (direction wind blows toward)
Wind speed (10ths of meters/sec)

Stability Class (coded 1-7)

Total precipitation (100ths of inches)

Table 4. Format of the ARCON96 Meteorological Data Files

Column
3-7
11-13
14-15
18-20
21-24

26

Format
A5

I3

12

I3

I4

12

Description

Location identifier (SRSOH)

Julian day of the year

Hour of the Day (local time)

Wind direction (degrees;direction-from which the wind blows)
Wind speed (nearest tenth of a reporting unit without the decimal,
i.e., a wind speed of 5.3 m/s would be entered as 53)

Stability class (coded 1 - 7)

Table S. Format of the ISC Meteorological Data Files

Column
7-9
11-12
18-25
26-33
34-41
42-49
50-57

Format
I3

12

F8.0
F8.2
F8.0
F8.0

I8

31 August 2001

Description

Julian day of the year

Hour of the Day (Greenwich Mean Time)

Transport direction (degrees azimuth)

Wind speed (meters/secy -~ ~ - - ' T
Mixing height (meters)

Temperature (Degrees Kelvin)

Stability Class (coded 1-7)
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Additional Meteorological Data

Attached Meteorological Data File (on CD)
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47. Section 5.5.1.1.1, p. 5.5-1; Table 5.5-2, pp. 5.5-60 thru 5.5-67

Explain why high enriched uranium (HEU) is not included in Table 5.5-2 of the application as a
hazardous material ("Haz Mat").

Section 5.4.3.1.D of the SRP recommends that the applicant show that the hazard identification
method provide a list of material or conditions that could result in hazardous situations. The
HEU waste stream is described in several sections throughout the application. For example,
Section 8.1.1.2.3 briefly describes the dilution of the HEU and subsequent storage in a vessel,
but neither the HEU nor its storage vessel is explicitly described in Table 5.5-2 as a hazard.

Response:

Table 5.5-2 will be revised to incorporate quantities of HEU (separated from the plutonium) and
depleted uranium contained in the AP process. These values are less than 3 kg and less than
750 kg, respectively. The AP process will process approximately 20 kg of HEU per year.
Systems handling HEU are described in response to Question 135.

Action:

The CAR will be revised to reflect this information.
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48.

Resolve the discrepancy between the possession limit for uranium of any enrichment of 3 kg in
Table 1.2-1 and that which would be expected to be in the facility based on the "Non-Polished
Plutonium Sources" fraction of 0.019 gm uranium-235 per gm Pu+Am in the 70 year Final
Isotopic Composition found in Table 9-3, and the possession limit of 9000 kg of plutonium as
> 95 percent plutonium-239.

10 CFR 70. 22(a)(4) requires that the applicant provide the name, amount and specification of the
special 1 nuclearmmatertaktiwcapliennt-proposes-touse. From Table 9-3, the 70 year Final
Isotopic Composition in non-polished plutonium sources would be expected to 1nclude 0.019 gm
uranium-235 per gram of plutonium plus americium. Given that the possession limit for
plutonium as > 95 percent plutonium-239 is 9000 kilograms, this would amount to a potential
maximum of 171 kilograms of uranium-235 in the form of >90% enriched uranium-235, not

3 kilograms as specified in Table 1.2-1.
Response:
Table 1.2-1 will be revised to address these concerns.

The isotopic quantitieszinGhaptesD:¢specificatly Table 9-2) are conservatively established for
shielding calculations and-sktratd-met-beused to establish possession limits. The value used to
establish the actual U-235 content in unpolished PuO, is 0.5 weight percent.

The possession limit for uranium, any enrichment, will be revised to account for that in the
unpolished plutonium. Also, the possession limits for MOX will be revised to include the
uranium content and the possession limit for source material will be revised to include the
maximum amount of material that may be stored in the secured warehouse. Lastly, the
americium possession limit will be revised to include all plutonium decay products, except
uranium.

Action:

Table 1.2-1 is to be revised as indicated below:
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Table 1.2-1. Byproduct Material, Source Material, and Special Nuclear Material

Type of Material Form of Material Possession Limit
ISJourc.:e Material (Natural and/or Depleted Any chemical or physical form 50,000 kg Uranium
ranium)
Plutonium, with < 95 wt% *°Pu Any chemical or physical form 10,000 kg Pu total
MOX (mixture of UO, and PuO,), Any chemical or physical form 400 kg Pu total
0, i
with < 22 Wt% PuO, ¥ Py 1,200 kg U total
. . . 9,000 kg Pu total
MOX, with <6.3 wt% PuO, Any chemical or physical form 12 0,00ngg U total
Any chemical or physical form
Enriched Uranium, any enrichment in unpolished plutonium and 100 kg 2*U
waste :
Any chemical or physical form
Plutonium Decay Products, except Uranium | in unpolished plutonium and 100 kg
waste

Possession limits for other byproduct material, such as 220, 137Cs, °Co, etc. will be submitted
with the license application for possession and use of special nuclear material.
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49, Section 5.5.1.2, p. 5.5-3

Provide calculations and design bases to demonstrate that passive heat removal is adequate.

Section 8.3 of the SRP states, "Information contained in the application should be of sufficient
quality and detail to allow for an independent review, assessment, and verification by the
reviewers. Some information may be referenced to other sections of the application, or
incorporated by reference, provided that these references are clear, specific, and essentially
complete.” SRP Section 8.4.3.1 states that an application would be acceptable if it addresses the
baseline design criteria for chemical safety and includes information on the chemicals, process,

. stutarho.
eq&;pmvut, ux‘v’uutﬂm, rances_aandslinfitg i .camstriction permit cfaap this would be

expected to include design bases and values for these items, with sufﬁcwnt system description to
allow verification of the design bases and values. Sections 8.4.3.5 B, C, D, and F recommend
that design bases, process safety features, and IROFS be included in the application.

On page 5.5-3, the application indicates that passive removal of decay heat is adequate for all
areas except for the 3013 canister storage area. Calculations to justify that passive heat removal
is adequate need to be provided before a safety determination can be made.

Response:
This response provides a summary of the destgmbases fordecay keat and provides a summary of
the thermal analyses performed to support-prefiminamsedesign: Calculations to support final
design will be summarized in the ISA.
The thermal power generated by the decay of nuclear material was calculated as follows:

e Unpolished Pu: 2.899 W/kg of unpolished PuO, powder

e Polished Pu: 2.181 W/kg of polished PuO, powder.

These values or higher (more conservative) values have been used in the thermal analyses of the
different areas of the MFFF.

Although the gloveboxes are seismically qualified, air is conservatively assumed to enter the
glovebox and cause oxidation of the UO, powder. The specific power of oxidation released by
this exothermic reaction is taken into account using the following values:

e If T<74°C (165.2°F) then P,y =0 W/kg (0 W/lb) of UO,,

o If 74°C (165.2°F)< T < 340°C (644°F) then Pox = 1.1 W/kg (0.499 W/Ib) of UO,,

e If T>340°C (644°F) then Pox = 4.63 W/kg (2.1 W/lb) of UO;

Where T is the powder temperature.

Two conditions were evaluated:
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e Normal operating conditions in which the ventilation and cooling systems of equipment
are in operation. During normal conditions, operation of the ventilation systems to
remove thermal energy was considered in calculating the maximum temperatures of the
structural confinement components.

¢ Hypothetical accident conditions in which the ventilation and cooling systems of
equipment are assumed to be shutdown. In this conservative case, the maximum
temperatures calculated are compared to the thermal design criteria of the hypothetical

sifuation.
,...’.DLA Az b 4+ v . - -
=rFhedesign basistemperature critefia have been defined for relevant materials in normal and T RS

hypothetical accident conditions. The primary temperature criteria for the materials in the MFFF
are summarized in Table 1. Although not required to meet the performance criteria of

10 CFR 70.61, additional temperature criteria have been defined in order to support worker
radiation protection (ALARA) and to provide personnel protection from high temperatures
during normal operations. These values are provided in Table 2.

Units with potentially large heat loads include the following:
e Storage rooms (rod storage, assembly storage, PuO, storage)
- wamremz Storage gloveboxes (PuO, buffer storage, handling and storage tunnel, pellet storage) -

s High-capacity production units (homogenization units, and hopper and mixer in the
primary dosing glovebox and the hoppers in the final dosing glovebox).

The results of the analysis indicate the following:
¢ During normal operation, the thermal design criteria are met for all units

e For the hypothetical condition, the analysis shows that after several days, the thermal
design criteria could be exceeded in the PuO, storage area. Thus, cooling is required to
.e-=~3- be established within several days to ensure the thermal criteria are met.

e For the hypothetical condition, the temperature of the upper lateral polycarbonate panel
in the handling and storage tunnel exceeds the thermal design criteria by approximately
10°F. However, more detailed calculations are expected to show that material limits are
not exceeded. If necessary, cooling will be provided. This information will be provided
in the ISA.

As stated in the CAR, the high depressurization exhaust (HDE) system is specified as the
principal SSC necessary to establish cooling for the 3013 canister storage area during post-
earthquake conditions. Preliminary sizing calculations for the HDE system show that the system
has the capability to perform this function. Final calculations that demonstrate the HDE can
perform this function, and to determine the specific time requirements, will be described in the
ISA summary.
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Action:

The CAR will be revised to reflect this information.
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Table 1. Design Basis Temperature Criteria

Material Situation

Normal Hypothetical
Ordinary concrete 60°C 100°C
Stainless Steel 425°C 425°C
PPB #9 © 80°C 100°C
PPB #10 © 100°C 100°C
NS41.Silicone Elastonter::. . ~1.480°C 180°C
Polycarbonate (Lexan) 35°C * 70°C

50°C

* 35°C applies to gloveboxes that are subject to thermal cycling
@ Boronated Polyethylene Plaster (BPP)

Table 2. Additional Temperature Criteria for Personnel Protection

Material Normal Operation

Borate (colemanite) 80°C

concrete

Kyowaglas 80°C (storage)
35°C (operating)*

Fuel rods and pellets 60°C

(Cladding)

* A higher temperature criterion is given for storage gloveboxes since personnel are not
continuously located near them.

31 August 2001 49-4



@ Mixed Oxide Fuel Fabrication Facility
D Construction Authorization Request

jpouke cosens Responses to NRC Request for Additional Information
50.  Section 5.5.2.1.6.1, pp. 5.5-5 and 5.5-6

Clarify the events and design bases for the electrolyzer. Section 8.3 of the SRP states,
"Information contained in the application should be of sufficient quality and detail to allow for
an independent review, assessment, and verification by the reviewers. Some information may be
referenced to other sections of the application, or incorporated by reference, provided that these
references are clear, specific, and essentially complete.” SRP Section 8.4.3.1 states that an
application would be acceptable if it addresses the baseline design criteria for chemical safety
and includes information on the chemicals, process, equipment, inventories, ranges, and limits.
At the construction permit stage, this would be expected to include design bases and values for

-~ === _-these items, with sufficient system description to allow verificationsefthe designbases and =~ ==~ =

values. Sections 8.4.3.5 B, C, D, and F recommend that design bases, process safety features,
and IROFS be included in the application.

Section 5.5.2.1.6.1 describes a fire event involving the electrolyzer. The over-temperature
results in the boiling of the electrolyzer contents and breach of the glovebox. Ultimately,
solution containing unpolished plutonium is released into the C3b area. The application
indicates a prevention-type strategy is used to protect the worker, based upon the process safety
I&C system. The safety function involves shutting down the electrolyzer system and allowing
passive convection cooling down to ambient temperature (i.e., no safety cooling system).

- Protection of the site worker and the public involve the filters on the C3 confinement system.

control approach. In addition, it is likely that there will be significant electrical currents and/or
other energy input during an off-normal condition of the electrolyzer that metallic components
could be heated significantly above ambient temperature. This could result in additional
scenarios, such as hydrogen generation and metal combustion, that might not be addressed by the
proposed control schemes. A determination of adequate assurances of safety cannot be made
without this additional description and design basis information.

Response:

The hazard events associated with the electrolyzer (dissolution unit) are described in Appendix A
of Section 5.5 of the CAR. Principal SSCs have been idéntified for loss of confinement events,
nuclear criticality events, and potential explosion events. Correspondingly, safety strategies and
principal SSCs to address these may also be found in Section 5.5 of the CAR. These events
result in the establishment of design basis to address the performance requirements of 10 CFR
70.61 for the electrolyzer.

The loss-of confinement hazard event involving the electrolyzer hazard described in detail in the
CAR is an over-temperature event. Potential causes may include control system failure, electric -
isolation failure, or loss of cooling. For the unmitigated event, the over-temperature event is
assumed to result in damage to the electrolyzer and the electrolyzer glovebox, and result in a
release of radioactive material. The release is modeled as a boiling event with an ARF *RF of
0.002, involving the maximum amount of Pu in the electrolyzer, 14 kg of unpolished Pu. The
unmitigated results of this event could produce consequences that exceed the low consequence

31 August 2001 50-1

o - swedlowever, no design basis information is provided to support these scenarios and proposed - e L



g Mixed Oxide Fuel Fabrication Facility
D Construction Authorization Request
ot eaere Responses to NRC Request for Additional Information

criteria. Thus, the event must either be prevented or mitigated. The specific
prevention/mitigation strategies for this event are described in CAR Section 5.5.2.1.6.1.

A HAZOP study for the electrolyzer will be performed to identify all potential accident
sequences that may lead to an over-temperature event. This analysis is performed by a multi-
disciplinary team of safety, operations, and process experts. The team will investigate all
potential upset conditions as required by the formal HAZOP method that DCS is using. Thus,
additional specific causes will be identified while performing HAZOP studies for the ISA.
Prevention features will be identified as a result of these causes and labeled IROFS. DCS
expects that the IROFS will be temperature_cnntrolsand process shutdown controls. The
temperature controis will detect high-temperat aigdhesprocess shutdown controis will shut
down the process prior to exceeding any design 11m1ts or chemical control limits. During the
detailed design process, an appropriate design for these IROFS will be created. In the particular
case of the electrolyzer, the IROFS temperature channels will be assigned to the emergency
control system, and either channel of the emergency control system channels will be capable of
shutting down the electrolyzer in the event of an over temperature condition.

Once the process is shutdown, natural convection cooling is sufficient to cool the system down.
Thus, the proposed controls will terminate the event prior to any SSCs being damaged, prior to
any radioactive material release, and prior to any additional scenarios such as metal combustion
or excess hydrogen generation events.

Thus, the design bases for the electrolyzer associated with the-over-temperature event is to detect
high temperature and shutdown the electrolyzer and related processes prior to exceeding a
specified temperature. This temperature will consider all material and chemical reactions. The
limiting criterion for the electrolyzer is associated with controlling chemical reactions and is
above 70°C, to preclude plutonium solution boiling. Final calculations and specific temperature
setpoints will be performed during final design.

To preclude a nuclear criticality event, the electrolyzer is geometrically safe. NCSEs will be
performed to identify credible event sequences that could compromise the geometry. Currently,
it is known that corrosion in the electrolyzer is one such event sequence that could potentially
challenge the safe geometry of the unit. Consequently, to minimize the potential for corrosion
the electrolyzer is fabricated from titanium. In addition, the anode and cathode of the
electrolyzer are isolated from ground. An isolation monitoring system comprised of a 10-ohm
resistor between the electrolyzer (anode section) and earth, a 1000-ohm resistor between the

electrolyzer (cathode section) and earth, and voltage measurements between the different partsof _.. .. ...

the electrolyzer (anode, anolyte, cathode, and catholyte) is used to monitor the isolation of the
equipment.

To preclude the possibility of explosions associated with the electrolyzer, a scavenging air
system is present. In the event of a failure of the scavenging air system, scavenging is provided
by the emergency air system. The required flowrate of the scavenging air system is based on the
rate of radiolysis in the electrolyzer. In addition, the potential for additional formation of
hydrogen exists due to potential breakdown of hydrogen due to the presence of the voltage.
Consequently, the voltage in the electrolyzer is limited.
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The proposed controls will meet the single failure criteria; will be designed, procured and
operated in accordance with a QA program that meets 10 CFR 50 App B and NQA-1
requirements; will meet appropriate codes and standards as described in CAR Section 11.6; and
will be appropriately surveilled. This combination of commitments ensures that an over-
temperature event involving the electrolyzer that results in consequences exceeding the low
consequence criteria is highly unlikely. The ISA summary will demonstrate this by providing a
description of the IROFS, demonstrating that the single failure criterion is satisfied, and by
providing a description of the surveillance method.

Action:

Revise the CAR to reflect this information.
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51. Section 5.5.2.3.6.3, pp. 5.5-22 thru 5.5-24

Clarify whether the 3013 canister is either a principal SSC or a defense-in-depth SSC for
protection of the site worker from a load handling event.

Section 5.4.3.1.F of the SRP recommends that the applicant clearly describe the principal SSCs.
Section 5.5.2.3.6.3 states that the 3013 canister is a both a principal SSC and defense-in-depth
SSC for the site worker. This feature could be either a principal SSC or defense-in-depth SSC,
but not both.

The 3013 Canister is a principal SSC for the site worker.

The "principal SSC" and "defense-in-depth"” designations are made on an event/receptor basis.
An SSC designated as "principal SSC" to protect the facility worker for any given event may
also be designated as "defense-in-depth" to protect the site worker and public for the same event.
SSCs designated as defense-in-depth are also principal SSCs (and fall under the 10 CFR 50

App B, NQA-1 QA program), but are not required or credited in the analysis for this
event/receptor to meet the performance criteria of 10 CFR 70.61.

Action:

The CAR will be revised to reflect this information.
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STONE & WEBSTER

52. Section 5.5.2.3.6.3, pp. 5.5-22 thru 5.5-24

Clarify whether principal SSCs are applied to protect the site worker from a load handling event
involving a MOX Fuel Transport Cask.

Section 5.4.3.1.F of the SRP recommends that the applicant clearly describe the principal SSCs.
Section 5.5.2.3.6.3 does not mention whether or not principal SSCs are applied to mitigate the
consequences to a site worker from a load handling event involving a MOX Fuel Transport Cask.

Response:
Principal SSCs are not required to protect the site worker for this event (low consequence).
Action:

The CAR will be revised to reflect this information.

31 August 2001 52-1



g Mixed Oxide Fuel Fabrication Facility
D Construction Authorization Request
R Responses to NRC Request for Additional Information

53.

Resolve the discrepancy between Table 5.5-19, which shows that waste containers are principal
SSCs for the protection of site workers only, and Section 5.5.2.4.6.2, which describes waste
containers as principal SSCs for protection of the public, site worker and facility worker.

Section 5.4.3.1.F of the SRP recommends that the applicant clearly describe the principal SSCs.
It is not clear whether the waste containers are principal SSCs solely for the protection of site
workers or for the public, site workers and facility workers because the discussion in Section
5.5.2.4.6.2 appears to contradict the entry in Table 5.5-19 for this SSC.

Response:

The waste container is required to provide protection for the facility and site workers. The safety
function of the waste container is to ensure that hydrogen buildup in excess of explosive limits
does not occur while providing appropriate confinement of radioactive material.

Action:

The CAR will be revised to reflect this information.
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54.  Section 5.5.2.4.6.10, p. 5.5-31

Verify that the delivery of chemicals does not present additional hazards to the facility.

Section 8.3 of the SRP states, "Information contained in the application should be of sufficient
quality and detail to allow for an independent review, assessment, and verification by the
reviewers. Some information may be referenced to other sections of the application, or
incorporated by reference, provided that these references are clear, specific, and essentially
complete." SRP Section 8.4.3.1 states that an application would be acceptable if it addresses the
baseline design criteria for chemical safety and includes information on the chemicals, process

eguipment. inventories ranges, and limits. At the construction permit-stace.-thisswould be-
ﬁulylllvu‘r ¥ WIAAMA lvu’ l“..‘b (22 A AL WREW VWURBLODW WAL Pvl..l.-l..lj:: [S12 BU’ ELALO VY ULALIN

expected to include design bases and values for these items, with sufficient system descnptlon to

allow verification of the design bases and values. Sections 8.4.3.5 B, C, D, and F of the SRP
mention that design bases, process safety features, and Items Relied on for Safety (IROFS)
should be included in the application.

Section 5.5.2.4.6.10 of the application briefly mentions outside explosions and mentions a
mitigation strategy based upon maintaining the structure of the MOX fuel fabrication building
and the emergency diesel generator building, and protecting the waste transfer line. However,
the facility uses multiple chemical reagents that will require deliveries to replenish the supplies,
and it is not clear if the explosion analyses have considered the potential hazards from deliveries..

Irrparticular, deliveries of hydrogen and fuel oil would seem to present predominantly explosion™ ==

concerns, delivery of compressed gas cylinders might present primarily missile concerns, and
deliveries of nitric acid and inert gases would present habitability concemns. In addition, events
from operator activities during deliveries (e.g., overfilling) may also be of concern. The NRC
would anticipate some analyses of these delivery situations, off-normal events, safe distances,
their design bases and values, reliabilities, etc. In the absence of such information, it is not
possible to make a safety determination.

Response:

Delivery of chemicals has been considered in the analyses to support the CAR and will be
considered in the analyses to support the ISA.

A Safety Assessment (SA) has been performed to assess the safety basis of the principal SSCs at
the MFFF. The SA includes an analysis of internal, man-made-external, and natural phenomena
hazards. A subset of the events analyzed within the SA involve chemicals that have the potential
to create event sequences that may affect nuclear safety. These chemical event sequences may
originate as a result of chemical delivery, handling, storage, processing, recycling, and/or
disposal. The methodology utilized to evaluate the chemical impact of these potential event
sequences has been described in response to Question 113. Application of this methodology
demonstrates that the release of chemicals utilized in the MOX fuel fabrication process,
including the storage, delivery, and transport of these chemicals, will not affect the site worker or
the public.
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The analysis of potential exposures to workers performing a potential safety function is in
progress and will be completed for the ISA. As stated in Section 5.5.2.10, workers mainly
perform a monitoring function during emergency conditions. To ensure that workers can
perform this function, the Emergency Control Room Air Conditioning system is designated as a
principal SSC. Its function is to ensure habitable conditions for workers in the emergency
control rooms are maintained. Upon completion of the chemical consequence analysis, measures
will be provided, if necessary, to ensure that emergency control room workers are protected from
potential chemical releases. Based upon the design at this point, no immediate actions have been
identified for the facility worker to perform to ensure that the performance criteria of 10 CFR
70.61 are satisfied for the site worker or the public. Thus, a chemical release originating in the —
of 10 CFR 70.61 are satisfied. The only immediate action for a facility worker identified to date
is to take action to limit their own individual dose by evacuating the area or taking other
protective measures (e.g., don mask).

To address potential explosions from activities on the MFFF site external to the MOX building
including delivery of chemicals, the MOX fuel fabrication building, the emergency diesel
generator building, and the waste transfer line are designated as principal SSCs. These principal
SSCs ensure that a high consequence event will not result from an external explosion. Explosion
analyses to demonstrate that these principal SSCs provide adequate protection will be described
in.the ISA summary. All aspects of chemical delivery, handling, storage, processing, recycling

-... ~-and disposal will be considered for normal operations and off-normal and accident conditions.
The analyses will include the effect from an explosion, including pressure waves, possible
missiles, and habitability concerns. The response to Question 57 provides additional information
related to external explosions.

Action:

The CAR will be revised to reflect this information.
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8S. Section 5.5.2.6, pp. 5.5-33 thru 5.5-38

Provide your philosophy/approach for combining independent (and dependent) natural
phenomena events as well as natural events that are not "highly unlikely" with process events
which are also not "highly unlikely." Parameters such as event duration and time to repair or
mitigate may be taken into account to select credible combinations.

The regulatory acceptance criteria as provided in Section 5.4.3.1 (D)(i1)(a) of the MOX SRP
states that the applicant’s approach for the Process Hazard Analysis (PHA) should allow the
applicant to examine selected accidents including natural phenomena and other types of

-=-bounding=ecéidéntesdndha-diseussion-of Natural Phenomena in Section 5.5.2.6, all events are

listed as independent events.
Response:

For all events (excluding the design bases natural phenomena events, but including NPH events
with an occurrence frequency exceeding the design bases event), the initiator is assumed to
occur. Thus, the initiating event probability can be considered to be one. Therefore, combining
NPH events that are not highly unlikely with process events that are also not highly unlikely is
not required since the process event is assumed to occur. However, NPH events are considered
as initiators of other events such as explosions or leaks.

Action:

The CAR will be revised to reflect this information.
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56. Section 5.5.2.6. pp. 5.5-34 thru 5.5-38

Provide the rationale for choosing the widely varying annual exceedance probabilities for natural

phenomena, for example, tornado (2x10'6) and snow and ice events (1 x10%). The explanation of
rationale should include extreme local precipitation, snow and ice events, tornadoes, extreme
winds, lightning, seismic events, external fires, and temperature extremes as listed in Section
5.5.2.6 of the application. Also provide a demonstration of how the selection of these various
events for facility design will satisfy the performance requirements of 10 CFR 70.61. If design
details are not yet available for such a demonstration, describe the approach or logic for
incorporating future design information into such a demonstration.

The regulatory acceptance criteria as provided in Section 5.4.3.1 (D)(ii)(a) of the MOX SRP
states that the applicant’s approach for the PHA should allow the applicant to examine selected
accidents including natural phenomena and other types of bounding accidents.

Response:

The MFFF selection of annual exceedance probabilities for natural phenomena events is based
on the criteria established for reactors licensed under 10 CFR 50. The applicable regulatory
guides specify recurrence intervals for each design bases event. The recurrence intervals are
specific to each design bases event, thus resulting in different recurrence intervals for the design
bases events. :Acdisemssrer-of €ach design bases event is provided below.

Demonstration that the MOX structures satisfy these requirements (i.e., structural evaluations to
demonstrate the building capability during these events) as applicable will be provided as part of
the ISA summary.

Earthquake

DCS has selected a design earthquake recurrence interval that is similar to the requirements for a
reactor licensed in accordance with 10 CFR 50. This is consistent with the MOX Standard
Review Plan (NUREG-1718), which refers to Division 1 Regulatory Guides for NPH guidance
(i.e., the use of reaetor-based approaches) as adapted for the risk-informed approach of

10 CFR 70 Subpart H. See the response to Question 20 for information regarding the selection
of the design earthquake recurrence interval.

Wind

DCS has selected a design basis straight wind recurrence interval that is similar to the
requirements for a reactor licensed in accordance with 10 CFR 50. Similar to the approach
selected for earthquakes, a 1E-04 per year recurrence frequency is selected to determine the
magnitude of the design (straight) wind loads. Below this probability of exceedance, tornado
winds control the design associated with winds.
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Tornado

DCS has selected a design basis tornado recurrence interval that is similar to the requirements for
a reactor licensed in accordance with 10 CFR 50. Standard practice at nuclear reactors is to
select a design basis tornado with a lower frequency than that associated with the design basis
earthquake. NRC-sponsored research has indicated that some relaxation in the existing

Division 1 tornado design guidance is justified (e.g., NUREG/CR-4661; see the response to
Question 9). On this basis, the recurrence frequency for MFFF design tornado events is selected
to be 2E-06 per year. See the response to Question 9 for additional information regarding the
selection of the design basis tornado recurrence interval.

Flooding and Precipitation

DCS has selected a design basis flood and precipitation recurrence interval that is similar to the
requirements for a reactor licensed in accordance with 10 CFR 50. Reactor requirements are
based on the maximum probable flood. For the MFFF, the recurrence frequency for flooding
and precipitation events is selected to be 1E-05 per year. Note that as described in CAR
Chapter 1, the MFFF site is above the flood level associated with the 1E-05 per year flood and
the maximum probable flood for the MFFF site, thus satisfying reactor requirements for this
event.

Snow and Ice

DCS has selected a design basis snow and ice recurrence interval that is similar to the
requirements for a reactor licensed in accordance with 10 CFR 50. For definition of snow and
ice loads, building codes are typically applied. On this basis, the recurrence frequency is
selected to be 1E-02 per year.

Note that as described in CAR Chapter 1, the design load associated with this event is
approximately 10 psf, which corresponds to approximately 2 inches of ice. The live load
allocated to the MOX building is 50 psf. Thus, significant design margin exists for this event.

Lightning

The MFFF is designed in accordance with NFPA 780-1997 and is designed for all lightning
activity. Thus, no recurrence interval is selected.

Extreme Temperature . o

Observed temperature extremes for the Savannah River Site over the period 1961 to 1996 ranged
from 107°F (42°C) to -3°F (-20°C). Temperature extremes for the Savannah River Site are '
postulated to occur on or near the MFFF occasionally and are considered in the design of the
MFFF systems and structures.
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External Fire

The MFFF is designed to account for credible external fires including forest fires, fires occurring
at nearby facilities, and fires occurring on the MFFF site. Thus, no recurrence interval is

selected.
Action:

The CAR will be revised to reflect this information.
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57. Section 5.5.2.7.6.2, p. 5.5-40

Provide the basis of the statement that the impacts of explosions in F area are bounded by the
impacts accounted for in the MFFF structures for safeguards and security reasons, including
expected explosion overpressures, the basis of these estimated overpressures, and the ability of
the facility to withstand the estimated overpressures.

Section 5.4.3.1 (D)(ii)(b) of the MOX SRP states that the applicant's approach for the

probabilistic hazard assessment should allow the applicant to examine selected accidents

including natural phenomena and other events such as fires, explosions, criticalities, radiological

- =seens Losshazardeus-chemical as applicable under 10 CFR Part 70) exposures, and loss of containment. - -~ s
In Section 5.5.2.7.6.2 of the application it is stated that the impacts of explosions in F area are

bounded by the impacts accounted for in the MFFF structures for safeguards and security

reasons.

Response:

Explosions originating from F Area are bounded by the impacts of other events considered in the
MFFF Design. This conclusion is based on a review of Savannah River Site safety
documentation and MFFF design basis information, chemical inventories at F Area and MFFF,
chemical deliveries to F Area, transportation routes, and distances between F-Area Process

-~z ~Buthdings and the MFFF. ¥

1h
LY
o
g

Utilizing Regulatory Guide 1.91, the safe distance between the explosion source and the MFFF
can be determined from the TNT equivalent weight of a potential explosive material.

Structural loading evaluations have not been completed for the MOX facilities; however,
preliminary estimates indicate the MOX building (and the emergency diesel generator building)
can withstand a dynamic external overpressure greater than 10 psi. This is based on the
structural requirements associated with other design bases events including earthquakes,
tornadoes, and straight winds.

.- Utilizing the methodology described in Regulatory Guide 1.91, the minimum quantity of TNT -
equivalent material that would produce a dynamic external overpressure of 10 psi at the MOX
Building was determined. Results are provided in Table 1. The 398 and 1,411-foot distances in
Table 1 represent the F-Area road and F-Area facility, respectively, that are closest to the MOX
building.

As shown in Table 1, greater than 20,000 1b of explosive material at 398 feet is required to reach
a dynamic external overpressure of 10 psi at the MOX building. According to WSRC safety
documentation, a year’s supply of potentially explosive material is approximately 20,000
pounds. A year’s supply of explosive material requires many shipments to the F-Area facility.
Additionally, it is a low probability event for a transportation accident to occur at the nearest
point to the MFFF. Therefore, it is concluded that a transportation accident resulting in an
explosion that can produce a dynamic external overpressure greater than 10 psi at the MOX
building is highly unlikely.
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For the facility analysis, F-Area processes have no tanks containing over 1 million pounds of
explosive material. Therefore, any explosion at an F-Area facility would produce a dynamic
external overpressure at the MOX building less than 10 psi.

Utilizing the same approach, the peak pressure waves affecting the emergency diesel generator
building will not exceed a dynamic external overpressure of 10 psi.

Final peak pressure calculations and the ability of the facility to withstand overpressures will be
demonstrated during final design calculations. These will be described in the ISA summary.

Table 1. Bounding Weights Based on 10 psi Peak Over Pressure Wave
and Known Distances

Weight (1b): >20,000 >1 million
Range: 398 feet 1,411 feet
Peak Reflected Press: 10 psi 10 psi

.+ === Notethat SRP-Section 5.4.3.1 (D)(ii)(b) relates to a preliminary or process hazards analysis and

Tt

- et toaprobabilistic hazard assessment as stated in the comment.

Action:

The CAR will be revised to reflect this information.
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58. Section 5.5.3.2, pp. 5.5-46 thru 5.5-47

Clarify the choice of 6x10™ as the respirable release fraction (ARFxRF) for the bounding
accident consequence assessment in Section 5.5.3.2.

SRP Section 9.1.4.6.3.A recommends that the applicant use appropriate and verified assessment
methods, computer codes, and literature values. Section 5.5.3.2, "Internal Fire," describes a
bounding consequence assessment in which the respirable release fraction (ARF x RF) is 6x10™.
However, the reference for this value (NUREG/CR-6410, Nuclear Fuel Cycle Facility Accident

Analysis Handbook) cites an ARF = 6x10-3 and an RF = 0.01 for solid, noncombustible powders
exposed to thermal stress (i-€;ai ARFXxRF=06x1075).

Response:

In the evaluation of consequences at the MFFF, a single set of airbomne release fractions (ARF)
and respirable fractions (RF) were used for all events within a specific release mechanism (e.g.,
fire or drop) for a specific form (e.g., powder or liquid). To ensure that conservative
consequences are estimated, bounding release fractions were established based on all the
potential release events established in the Preliminary Hazards Analysis (PHA). In this specific
case, for fires involving non-reactive powders, NUREG/CR-6410 does cite an ARF of 6E-03 and
an RF of 0.01. However, under the technisal basis (p..3-72 of the NUREG), it is noted that some
tests done with PuQ; in a calcining furnacsamtedhighemRF walues based on temperature of the
furnace. Since the MFFF has a similar calcining furtiace and the PHA includes a fire event
involving this furnace, the release fractions were adjusted to a more conservative value to assure
bounding consequences were established for this event. Thus, the RF was increased by a factor
of 10 per the technical discussion in NUREG/CR-6410.

Action:

The CAR will be revised to reflect this information.
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59.  Section 5.5.3.2, pp. 5.5-46 thru 5.5-47

Justify the use of a leak path factor of 10-4 for two banks of HEPA filters under accident
conditions.

Under 10 CFR 70.22(f), the application for a license for a plutonium fuel fabrication plant must
provide a description and safety assessment of the design bases of the principal structure,
systems, and components of the plant. In the application the ventilation filtration system is
assumed to operate and mitigate releases of radioactive material following accidents. The

application states that the leak path factor for-two banks of HEPA filters is assumed to be 10-4.
The basis for this asmptmmsﬂbﬁn?smﬁe’ﬂ%%ﬁgmdanc&m ‘Nuclear Fuel Cycle Facility
Accident Analysis Handbook,” NUREG/CR-6410, recommends that removal efficiencies of

99 percent to 95 percent be used of a series of HEPA filters that are not protected by prefilters,

sprinklers, and demisters under severe accident conditions.
Response:
Introduction

DCS has evaluated the NRC guidance related to the efficiency of HEPA filters in NUREG/CR-
6410, Appendix F, Section F.2.1.3, Nuclear Grade HEPA Filters, and believes the guidance is
not applicable to the MFFF during petditat=#ccident . conditions. DCS believes that
NUREG/CR-6410, Appendix F, Section F.2.2 provides the appropriate guidance for determining
HEPA filter efficiency during accident conditions. Following the guidance provided in Section
F.2.2 and its associated references, a HEPA filter removal efficiency of greater than 99% for
each stage is achievable if the HEPA filters are appropriately protected. DCS has performed
initial calculations to demonstrate the HEPA filters will be appropriately protected during
potential fires. Final calculations will be performed as part of final design and summarized in
the ISA. These calculations will demonstrate that the HEPA filters are protected from all
impacts related to fires, thus the HEPA filter removal efficiency during these conditions will be
greater than 99%. These conclusions are discussed in the following paragraphs.

Part 1 - DCS has evaluated the NRC guidalice related to the efficiency of HEPA filters in
NUREG/CR-6410, Appendix F, Section F.2.1.3, Nuclear Grade HEPA Filters, and believes
the guidance is not applicable to the MFFF during potential accident conditions. This
conclusion is based on the following positions.

1. NUREG 6410 Section F.2.1.3 references Regulatory Guide 1.52 (NRC, 1978) for the
recommendation to use HEPA filter efficiencies of 99 to 95% if conditions are severe or the
filters are unprotected. This use of Regulatory Guide 1.52 for the MFFF is not applicable
because the guide applies specifically to light water cooled nuclear power plants and
associated accident conditions. The typical accident conditions listed in Table 1 of
Regulatory Guide 1.52 show the inlet to the cleanup system has a maximum temperature of
280°F and 180°F in the primary and secondary reactor containment systems. The
corresponding values for relative humidity are 100% plus condensing moisture for the
primary and 100% for the secondary. The 2001 revision of Regulatory Guide 1.52 (NRC,
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2001) also includes BWR Main Steam Line Break, Fuel Damage or Pre-incident Spike,
Equilibrium Iodine Activity, BWR Rod Drop Accident, PWR Steam Generator Tube
Rupture, Fuel Damage or Pre-incident Spike, Coincident Iodine Spike, PWR Main Steam
Line Break, Fuel Damage or Pre-incident Spike, Coincident Iodine Spike, PWR Locked
Rotor Accident, PWR Rod Ejection Accident, and Fuel Handling Accident. These reactor
events are associated with water vapor, and the predominant source of the radioactive
releases are noble gases and iodine gases. These conditions are not the same that would exist
during a potential fire event at the MFFF. Part 2 of this response describes potential
conditions associated with a fire at the MFFF.

.Additionally, the guide recommends a leak path factor of 102 for.pasticle removal fora == -

cleanup system consisting of two HEPA filters in the cleanup train. The description of the
credit taken for HEPA filters is ambiguous. Section B, page 1.52-2 states the upstream
“HEPA filters remove the fine discrete particulate matter and pass the air stream to the
adsorber” while “HEPA filters downstream of the adsorption units collect carbon fines and
provide redundant protection against particulate release in case of failure of the upstream
HEPA bank.” Section C5 on page 1.52-5 states that “HEPA filter sections should be tested
in place....to confirm a penetration of less than 0.05% at rated flow.” It is not clear which
HEPA filter or if both are credited for the allowed 99% particle removal efficiency in
accident dose evaluations.

e,

.. Fhe ambiguity is cleared up in the 2001 revision of Regulatory Guide 1.52 (NRC, 2001).. It s sangas

states on page 1.52-4 that “The HEPA filters remove the fine discrete particulate matter from
the air stream. A HEPA filter or a medium efficiency post filter...downstream from the
adsorption units collects carbon fines and provides additional protection against particulate
matter release in case of failure of the upstream HEPA filter bank. It is not necessary to
perform in-place leak testing on postfilters or HEPA filters downstream from the carbon
adsorbers.” Thus, it is clear from the revised NUREG-1.52 that the first HEPA filter stage is
credited with a 99% particle removal efficiency, not the entire system. The guide does not
discuss the value of additional stages. Further, the value of additional stages is provided by
Bergman et al., 1995. Studies referenced by Bergman have shown that each filter stage in a
system with multiple filter stages provides a removal efficiency of greater than 99%. The
report concludes that it is appropriate to credit each stage of a system if the filters are
adequately protected from the potential effects of a fire.

. NUREG/CR-6410 , Section F.2.1.3, page F-7 states “If a series of HEPA filters is protected

by pre-filters, sprinklers, and demisters, efficiencies of 99.9% for the first filter and 99.8%
for all subsequent filters is recommended for accident analysis (Elder et al., 1986).”
Although this guide is an easy prescription to use for determining HEPA efficiencies, it is not
based on experimental studies. The Elder et al., 1986 report is based on a meeting between
officials from the Atomic Energy Commission and Albuquerque Operations Office held in
Albuquerque, NM on December 9, 1971 (US AEC, 1971). “These guidelines represented the
opinions of the meeting attendees, and were not supported by technical data.” (Bergman et
al., 1995).
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3. The final sentence of NUREG/CR-6410, Section F.2.1.3 is not correct as written. It states:
“If conditions are severe or the filters are unprotected, efficiencies as low as 99 to 95 percent
are recommended (USNRC 1978).” The USNRC reference is Regulatory Guide 1.52.
However, Regulatory Guide 1.52 does not state any efficiency value other than 99%. Elder

et al., 1986, which is also cited in the same section, does not give efficiency values less than
99.8%.

It appears that the 95% to 99% efficiency values were incorrectly attributed to Regulatory
Guide 1.52, but were taken instead from Bergman et al., 1995, based on NUREG/CR-6410,
Section F.2.2, page F-11: “The limiting assumption is that the filter efficiency drops to zero

upon fallulv, but data is cited that 1nr1100fnc filter. affmmj_mmzm%ai a4 pprnpnf to 90

percent for partial failure (separation of media from frame, tears in the media).” According
to Bergman et al., 1995, “Previous publications had assigned a single value for the efficiency
of HEPA filtration systems under all accident conditions. However, the publications
reviewed in this paper demonstrate that the efficiency of HEPA filters will vary greatly
depending on the operating conditions, thereby requiring a case-by-case analysis.”

(Note that DCS incorrectly cited the use of Regulatory Guide 1.52 (NRC 1978) in Section
5.5.3.2 of the CAR, stating “The bounding leak path factor associated with these systems is
1x10™* (NRC 1978a).” DCS made an editorial error in the CAR report and should have cited
NUREG/CR-6410, Section F.2.2. This error will be corrected.)

4, NUREG/CR-6410 also implies that sprinklers should be used-to*protect the HEPA filters.
The decision not to incorporate HEPA filter water sprays into the MFFF design is based on
the following discussion.

DCS understands that Standard Review Plan for the Review of an Application for a Mixed
Oxide (MOX) Fuel Fabrication Facility (NUREG-1718, Appendix E) recommends that DOE
Standard Fire Protection Design Criteria, DOE-STD-1066-99, be used for the HEPA filter
plenums. This standard calls for the use of water sprays and demisters to reduce the potential
fire damage to HEPA filters. Considering the use of water sprays and demisters requires
weighing the advantages of the decreased exhaust temperature with the increased potential
for HEPA filter damage due to filter wetting.- The potential for BEPA filter damage from the
water spray system is recognized in Section 14.8.1.4 of DOE-STD-1066-99.

Bergman et al., (1997) questioned the efficacy of using water sprays in protecting final
HEPA filters from fires. They showed a series of full-scale controlled studies where the use
of water sprays, even with demisters, can lead to structural damage to HEPA filters. Water
sprays add moisture to the HEPA filters and thereby decrease the filter media strength and
also increase the filter pressure drop. The increased pressure drop is exacerbated by smoke
and other particle deposits. With the decreased strength and higher pressure drop, the filter
media can burst if the fan pull is sufficient. Bergman et al., (1995) determined that the
differential pressure threshold for rupture of wet filters is 10 inches of water (Bergman et al.,
1995; NUREG/CR-6410, Section F.2.2, Table F-5.).
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Bergman et al., (1997) also reviewed studies conducted in the 1970s that showed water spray
systems were effective in lowering the exhaust gas temperature, but did not show the benefit
in protecting HEPA filters from the temperature and smoke environment of fires. Based on
these early studies, fire protection engineers incorporated water sprays and demisters into
HEPA filter plenums to protect HEPA filters against fires. These practices have been
incorporated into DOE Standard on Fire Protection Design Criteria (DOE-STD-1066-99).
Bergman et al., (1997) analyzed a fire that occurred in 1980 at the Rocky Flats Plant inside a
HEPA plenum and concluded that the greatest damage to the HEPA filters was due to the
water spray that resulted in three of the four filter stages being blown out.

zemezr - a3=IDOFE- Standard-1066-99 Appendix B, Operating Temperatures for HEPA -Eilters indicates. = -s-os:

that there is a rapid decrease in the tensﬂe strength of the HEPA ﬁlters above 234°C. For the
reasons stated above, DCS believes that if HEPA filter temperatures are less than 210°C
during potential fire accidents without the aide of sprinklers, and sprinklers should not be
incorporated into the design.

Part 2- Following the guidance provided in Section F.2.2 and its associated references, a
HEPA filter removal efficiency of greater than 99% for each stage is achievable if the
HEPA filters are appropriately protected. DCS has performed initial calculations to
demonstrate the HEPA filters will be appropriately protected during potential fires.

EG/CR-6410 Section F.2.2 provides a systematic method for determining the efficiency of

' ‘HE‘PA filters that are subjected to a large variety of environmental conditions. By computing the
environmental conditions associated with specific accident scenarios, the filter efficiencies that
correspond to these conditions can be obtained from tables of experimental values of filter
efficiency at various environmental conditions. Two steps are involved: (1) determine if the
HEPA filters will be structurally damaged, and (2) if not, determine the appropriate removal
efficiency.

I e

A preliminary assessment is made to determine whether the potential conditions could result in
structural damage to the HEPA filter using Table F-5 of NUREG/CR-6410. If the filter is
structurally damaged, Bergman et al., (1995) recommends a 0% efficiency be conservatively

— -assigned to the filter because of the large variability in data from small damage to major damage.
NUREG/CR-6410 recommends the use of actual residual efficiency values instead of 0%.
Calculations performed for the CAR (described below) indicate that the final HEPA filters will
not be structurally damaged during a fire event.

In determining the filter efficiency, each event must be analyzed to determine its effect on the
respective HEPA filters. In the case of an area fire at the MFFF, three mechanisms that may
affect MFFF HEPA filter efficiency were identified. These include:

e Branding (i.e., hot embers burning through filter media);
e Excessive soot loading; and

e Prolonged exposure to high temperatures.
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MFFF systems are designed to protect the HEPA filters from these effects as described in the
following paragraphs:

Branding - Spark arresters are installed upstream of the HEPA filters to prevent hot
particles from impacting the filter media. Additionally, large particles will be removed
from the ventilation stream by gravitational settling, while smaller particles will cool and
reach thermal equilibrium prior to impacting the filter media.

Soot Loading - The nature of the soot aerosols generated during a fire depends on the
type of fuel being burned and the ventilation state of the fire. In general, the dynamics of
qgarchamber fire that represents a typical room in a nuclear fuel fabrication facility changes
initially from a well-ventilated fire that generates small, relatively solid aerosols to a
ventilation limited fire in which larger and more liquid aerosols are generated (Alvares et
al., 1979, 1981). The impact of these changes on filter clogging is dramatic with the
aerosols produced in well-ventilated fires having little clogging potential compared to the
aerosols produced in under-ventilated fires. The type of fuel affects the combustion
process as well. Liquid pool and solid crib fires have been modeled to allow general
estimates of the combustion process and the aerosol emission. Filter clogging models are
also available to estimate clogging by the different aerosols (Bergman et al., 1979, 1983).

An analysis was performed by DCS to address filter soot loadings produced by specific
-« Sxsareasfiress- Thesarea with the largest combustible loading was selected, and the soot
- %ﬁ“pm&tced*was determined considering the combustible types and fire efficiency. Various
materials of construction and solvent were considered. Soot deposition in the ducting
was also considered. Soot deposition, filter soot loadings, and plugging conditions were
determined in accordance with Ballinger (1988). The analysis concluded that the worst
area fire did not result in plugging of MFFF HEPA filters. See the response to Question
148 for additional information.

The soot analysis did not credit the effect of prefilters. However, the system design uses
high strength prefilters as necessary. High strength prefilters (including spark arresters)
reduce the load (minimize the pressure drop) on HEPA filters since they have been

. —-—shewn to be very effective in-protecting HEPA filters from the worst-case smoke loading
(Alvares et al., 1979, 1981). The high strength prevents prefilter collapse during the filter
clogging.

High Temperature - An analysis of fire area exhaust flow dilution was performed by DCS
to determine possible maximum temperatures at the HEPA filter during an area fire. The
analysis assumed an affected room exhaust temperature of 2,300°F and no heat transfer in
the ducting between fire and filter. Maximum dilution air temperature was also assumed
(104°F room/119°F glovebox). Possible adjacent areas participating in the fire were also
considered. The analysis concluded that the diluted flow temperature for any of the four
MFFF exhaust systems is less than the HEPA filter continuous exposure higher
temperature of 400°F (204°C). See the response to Question 146 for additional
information.
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This temperature is less than the 234°C where there is a rapid decrease in tensile strength
as specified in Appendix B, Operating Temperatures for HEPA filters of DOE-STD-
1066-99. 1t is also at a temperature at which there is no affect on filter penetration as
shown in Table F-3 of NUREG/CR-6410. By ensuring the temperature at the HEPA
filters during accidents is below 210°C, Table F-3 shows that each HEPA filter will have
an efficiency of 99.8%.

The analyses discussed above support a conclusion that MFFF final HEPA filters will not breach
as a result of the heat and soot/smoke produced in an area fire. In accordance with Table F-3 of
NUREG/CR-6410, Appendix F, the expected temperatures during a fire support a removal

efﬁcicncy of 99.8%,. As-aseesult, = removale o frmerinyaf-90%, far-each o nf‘ two cfacpc of HEPA

WO ULLy 6 ATV V- OT W R XA WA e Ok A/

filters is justified for use in the CAR.
Conclusion

Each of the MFFF HEPA final filters credited in the safety analysis are designed and tested to be
at least 99.97% efficient at 0.3 micrometer diameter particles. The filters are tested in accordance
with ASME N510-1995 (Testing of Nuclear Air-Treatment Systems). During a potential fire,
the final HEPA filters are protected from the effects of the fire to ensure that they are not
structurally weakened and to ensure that they maintain a high efficiency. These measures
include prefilters, spark arresters, location of filters as far as practical from postulated fires;
separation of redundant trains; small fire areas whieksimitersaot loading-on filters; and adequate
mixing of exhaust air to ensure filter inlet temperatures- do not challenge the filters.
Additionally, the prefilters, spark arresters, and HEPA filters are made of non-combustible
materials, and no ignition source is located inside the filter housing to initiate a fire. Calculations
for the CAR have shown that the filters can be protected from the effects of a potential fire.
Thus, using the guidance of NUREG 6410, Section F.2.2 and the associated reference (Bergman
1995), a removal efficiency of greater than 99% (99.8%) for each of two stages of HEPA filters
is justified. Final calculations to demonstrate that the final HEPA filters are protected from the
effects of a potential fire will be provided in the ISA.
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Action: -

Revise Section 5.5.3.2 to refer to NUREG/CR-6410 in lieu of Regulatory Guide 1.52 as
mentioned in item 3 above.
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60. Section 5.5.3.5, pp. 5.5-48 and 5.5-49

Describe the "Explosion Event" in more detail.

Section 8.3 of the SRP states, "Information contained in the application should be of sufficient

quality and detail to allow for an independent review, assessment, and verification by the .

reviewers. Some information may be referenced to other sections of the application, or

incorporated by reference, provided that these references are clear, specific, and essentially

complete.” SRP Section 8.4.3.1 states that an application would be acceptable if it addresses the

baseline design criteria for chemical safety and includes information on the chemicals, process, -
. ==—equipmentinventories, ranges, and limits: At the construction permit stage, this would be . T

expected to include design bases and values for these items, with sufficient system description to

allow verification of the design bases and values. Sections 8.4.3.5 B, C, D, and F recommend

that design bases, process safety features, and IROFS be included in the application.

Section 5.5.3.5, "Explosion Event," discusses an internal explosion from either over-
pressurization or due to potentially explosive mixtures. No energies, pressures, or other
parameters are given. No reliability values are provided to demonstrate that the event would be
highly unlikely. The application states the radloactwe materials are filtered prior to their release,
and uses a bounding leak path factor of 1x10™. However, HEPA filters are unlikely to survive
an explosion of the magnitude implied by the text, and the leak path factor is likely to be orders
ofsnagaitadadarger:- In addition, there may be a substantial release of highly respirable material
from the-damagéd-or déstroyed HEPA filters. More information and design bases are needed
before a safety determination can be made.

Response:

As described in Chapter 5, Section 5.5.2.4 of the CAR, explosions are identified as potential
events within the MOX building from process operations, from operations external to the MOX
building from nearby facilities and the storage of chemicals on the MFFF site, and from
laboratory operations.

The design basis for potential explosions that could occur within the MOX building from process
operations is to prevent them. Chapter 5 identifies several potential categories of internal

process explosions and provides the principal SSCs identified to prevent them. HAZOP
evaluations will be performed as part of the ISA to identify specific causes of these explosions

and to identify specific controls to prevent them. As described in response to Question 39, these
controls are IROFS and will ensure that internal explosion events are highly unlikely. '

The design bases for potential explosions that could occur external to the MOX building is to
ensure that principal SSCs are protected from the impact of these explosions. Chapter 5
identifies several potential categories of external explosions and provides the principal SSCs
identified to ensure that other principal SSCs are protected from the impacts of external
explosions. Calculations involving energies, pressures, distances, building structures, etc. will be
performed as part of the ISA to demonstrate the effectiveness of the principal SSCs specified for
this event.
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The design bases for potential explosions in the laboratory are to ensure that they do not impact
process operations (from a safety perspective), and to ensure the ventilation system can mitigate
any direct radioactive material release from the laboratory. This commitment will be
demonstrated in the ISA. Calculations will be performed to demonstrate that laboratory
explosions and the resultant pressure waves will not impact process operations, and to
demonstrate the effectiveness of the ventilation system following a laboratory explosion.

The explosion event discussed in Section 5.5.3.5 is a hypothetical explosion event that occurs
within the MOX building. It is labeled as a hypothetical event since as described above, internal
process related explosions will be made highly unlikely and potential external and laboratory

-expiosionssssill natdmnact process-operations. The discussion is presented to provide a

commitment to defense in depth and is beyond what is required to satisfy the requirements of

10 CFR 70.61. The evaluation shows that if an internal explosion were to occur and involve the
maximum quantity of radioactive material within a process cell, the consequences would be low.
As part of the ISA, this commitment will be demonstrated. Potential bounding internal
explosions similar to those described in Chapter 5 will be identified and evaluated during the
ISA process to determine potential pressure waves and their impact on the facility and the
ventilation systems. The evaluations are expected to show that the facility structure, process cell
walls, and final HEPA filters are not significantly damaged by the explosion event.

Action:

The CAR witberevisedto reflect this information.
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61. Table 5.5-2, pp. 5.5-60 thru 5.5-67

Provide information to correlate specific events or compartments containing events as identified
in Appendix 5A with the radioactive inventory as listed in Table 5.5-2. Location descriptions or
identifiers should also be adequate to locate events on drawings showing fire barriers, ventilation
zones and components, and other features affecting safety. For example, from an integrated
safety perspective, the staff will need to evaluate events similar to FW-1 and FW-2 (Table
5.5-12), which pertain to fires involving more than one fire area and systems that cross fire areas,
respectively.

Section 5.4.3.1 (E)(i) of the MOX SRP recomsendsthat the applicant’s safety assessment of the
design bases includes a hazards analysis that identifies the approximate location and quantities of
Special Nuclear Material (SNM) and other hazardous materials. The staff will need to locate
analyzed events and areas for potential events in order to evaluate the applicant’s analysis and to
determine if there is any potential for additional consequences due to common mode failures, fire
spread, or other effects that will need to be determined from an integrated assessment.

Response:

The events in Appendix SA apply for each process unit or workshop identified in the item
labeled “specific location.” Events that impact individual locations are evaluated for each
glovebox, AP vessel, or other sub-unit within the specifiedsprocess.unit-or workshop based on
the MAR provided in Table 5.5-2. For fire events,-the:evaluafiorris based on the total MAR
within a fire area.

Additional information is attached to more clearly correlate events in Appendix SA with the
information in Table 5.5-2 and specific facility locations. Table 5.5-2 has been revised and now
includes room numbers and fire areas for cross-reference to the process conceptual layouts
provided in CAR Chapter 11.1 and the confinement zone maps provided in CAR Chapter 11.4
(Confinement zones for each room are identified on the process conceptual layouts provided in
CAR Chapter 11.1). Tables providing the damage ratio and the ARF x RF values used in the
consequence evaluation are attached. A table providing the MAR for each fire area is attached
and is consistent with the fire area information provided in CAR Chapter 7. An updated
chemical inventory is provided in response to Question 113.

Note that Table 5.2-2 has also been updated to include the depleted uranium inventory in the
secured warehouse, and the uranium inventory in the AP process once it has been separated from

the plutonium, and to more precisely list the potential location-of material in the receiving and------~

shipping areas. Also note that these numbers have been revised after the response to the NRC's
Request for Additional Information concerning the Environmental Report was submitted.

Action:

The CAR will be revised to reflect this information.
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Additional Source Term Information
Table 1: Radioactive Material Inventory by Facility Location

This table was provided in the MFFF CAR Chapter 5. Revisions to this table
include the addition of room numbers and fire areas, the inclusion of the inventory
of uranium in the secured warehouse and in the AP after separation from
plutonium, and to more precisely list the potential location of material in the
receiving and shipping areas. Changes are marked in bold type.

Table 2: Release Fractions Used in SA

This is a list of release fractions used in the MFFF SA.
Table 3: Damage Ratios Used in SA

This is a list of damage ratios used in the MFFF SA.
Table 4: Room and Fire Area Inventory of Radioactive Material

This is a summary list of the radioactive material inventory.by room and fire area.
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Table 1. Radioactive Material Inventory by Facility Location
(changes from CAR Table 5.2-2 identified in bold type)

Room # and Unit | Equipment or Quantity,
Workshop | (Fire Area) Unit ID Symbol Material Haz Mat Form kg
Aqueous C330 Precipitation - Filtration -
Polishing (FA-AP-322) |Oxidation KCA FLT 7000 Pu(C,0;), | sol/powder 7.2E-03
C318 initation - Filtration -
Precipitation - Filtration kca | Fursooo |PUCOand| oivder | 1.1E+00
(FA-APR-312) |Oxidation PuO,
- T €330 V.“'“Preﬁpitation-Filtration-
(FA-AP-322) |Oxidation KCA | PRECS5000 | Pu(C,0s), |solfpowder| 1.3E-01
C 330 initation - Filtration -
Precipitation - Filtration KCA | PREC6000 | Pu(C0s), |solpowder| 1.3E-01
(FA-AP-322) |Oxidation
C 334 initation - Filtration -
Precipitation - Filtration KCA TK 1000 PuNOs), | solution | 2.4E+01
(FA-AP-325) |Oxidation
C334 . . - - . . -
Precipitation - Filtration KCA TK 2000 Pu(NO;), | solution | 24E+01
(FA-AP-325) |Oxidation
c26 |, ization - Sampli KCB HPR 1000 PuO owder | 1.9E+01
mogenization - >amplin ..
(FA-AP-230) | T8 ping 2 P
€236 e 34 enization - Samplin, KCB HPR 2000 PuO owder 1.9E+01
P e renization - I .
| ®a-RPT0 | PG 2 P
€204 H izati Sampli KCB samplin, PuO owder 3.8E+00
- a o
(FA-AP-202) omogenization - Sampling pling ) p
C132 .
PuO, Canning KCC buffer pots PuO, powder 3.9E+01
(FA-AP-122)
€237~ |Oxalic Mother Liquors KCD EV3000 | PuOy(NOy), | Solpowder| 1.0E+00
(FA-AP-226) |Recovery
€134 Oxalic Mother Liquors KCD TK 1000 Pu(C,0s), | solution | 1.0E+00
(FA-AP-124) |Recovery
€134 jOxalic Mother Liquors KCD TK 1500 Pu(C,05), | solution | 1.0E+00
(FA-AP-124) [Recovery
€134 lOxalic Mother Liquors KCD TK 2000 Pu(C,00), | solution | 1.0E+00
(FA-AP-124) |Recovery
€134~ 10xalic Mother Liquors KCD TK 4000 PUO,(NO), | solution | 1.0E+00
(FA-AP-124) |Recovery :
C 134" Oxalic Mother Liquors KCD TK 4100 | PuO,(NOs), | solution | 1.0E+00
(FA-AP-124) [Recovery
€134 |Oxalic Mother Liquors KCD TK 4200 | PuO,NOy), | solution | 1.0E+00
(FA-AP-124) |Recovery
B 153 . .
PuO, Decanning KDA [ 3013 inner cans PuO, powder 1.5E+01
(FA-MP-127)
B 155 ,
PuO; Decanning KDA | 3013 outer cans PuO, powder 1.5E+01
(FA-MP-127)
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Room # and Unit | Equipment or Quantity,
Workshop | (Fire Area) Unit ID Symbol Material Haz Mat Form kg
Aqueous C 430 . .
Polishing (FA-AP-414) PuO, Decanning KDA [convenience cans PuO, powder 1.0E+01
C430 .
(FA-AP-414) |T 102 Decanning KDA HPR 9000 PuO, powder | 6.0E+00
C431 . .
(FA-AP-416) PuQ, Decanning KDA |convenience cans PuO, powder 1.0E+01
C 431 N .
o (I«:Aﬁzj;l‘é): IPuOsBecannings-— KDA HPR 9100 PuQ, powder 6.0E+00
Cc322 . . ]
(FA-AP-316) Dissolution KDB EZR 1000 PuO,(NO;), solution 1.4E+01
Cc323 o ]
(FA-AP-317) Dissolution KDB EZR 2000 PuO,(NO;), solution 1.4E+01
C210
Dissolution KDB 3000  [PUONOR &L (ko | 1.5E+01
(FA-AP-204) Pu(NOs),
C210
Dissolution KDB TK 4000 PUONO:), & 1 tion 1.5E+01
(FA-AP-204) Pu(NO3),
C 228 . . .
(FA-AP-218) Dissolution KDB TK 5000 Pu(NO;), solution 1.6E+01
Cc228 o .
(FA-AP-218) Dissolution KDB TK 6000 Pu(NOs), solution 1.6E+01
C 228 . . .
(FA-AP-218) Dissolution KDB TK 7000 Pu(NO,), solution 2.8E+01
C234
Purification Cycle KPA CLMN 6000 PuNOs); & | o1 ution 1.3E+00
(FA-AP-223) Pu(NO),
C 234 . . .
(FA-AP-223) Purification Cycle KPA CLMN 6500 Pu(NO;), solution 5.9E-01
€233, rification Cycle kpA | Mixs4oo0 | PUNODs& | htion | 4.7B-03
(FA-AP-222) Pu(NO;),
C233 ; . = Pu(NQO;); & .
Purification Cycle KPA MIXS 5000 Solution 5.2E-03
(FA-AP-222) Pu(NO;),
€233 o rification Cycle KpA | Mixssioo | PUNODs& | oopton | 3.1E-03
(FA-AP-222) Pu(NO;),
Cc110 S Pu(NO;); & i .
(FA-AP-110) Purification Cycle KPA PULS 2000 Pu(NOs),s solution 9.5E-01 ).
CLO -y rification Cycle kpa | puLs2io0 | PUNOs& | oition | 3.1E-03
(FA-AP-110) Pu(NO;),
CI0 -y rification Cycle kpAa | puLs200 | PENO:s& | iion | 6.8E-01
(FA-AP-110) Pu(NO3),
CUO -y ification Cycle kpa | puLs3ooo | PUNOs& | ooption | 1.1E+00
(FA-AP-110) Pu(NO,),
CHO ~ p rification Cycle kpa | puLssioo | PUMNOs& | ion | 43E-01
(FA-AP-110) Pu(NO;),
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Table 1. Radioactive Material Inventory by Facility Location (continued)

Mixed Oxide Fuel Fabrication Facility
Construction Authorization Request

Responses to NRC Request for Additional Information

Room # and Unit | Equipment or Quantity,
Workshop | (Fire Area) Unit ID Symbol Material Haz Mat Form kg
Aqueous Cc137 . Pu(NO;); & .
Polishing (FA-AP-127) Purification Cycle KPA TK 1000 PUNO,)s solution 4.0E+01
C141 . . .
(FA-AP-131) | "hication Cycle KPA TK 7000 Pu(NOy); | solution | 4.0E+01
(FA-AP-125) || Vrification Cycle KPA TK 8000 PuNOy), | soluton | 3.1E+00
- Cc13s PuNOs)s & | . . .
Purification Cycle KPA EK. 9000 st Lotsatution- 1.5E-03
1 (FA-AP-125) 4 Pu(NOy), |-
C135
(FA-AP-125) Purification Cycle KPA TK 9100 P;El}é?g;)f‘ solution 1.5E-03
C 141 o Pu(NOs); & )
Purification Cycle KPA TK 9500 solution 1.5E-03
(FA-AP-131) Pu(NO;),
€135 Purification Cycl KPA TK 9000 A luti 3.2E-01
u on Ci¢c m solution 4 oo
(FA-AP-125) || L Heanon ™y
C 233
Solvent Recovery kpE | Mixs1000 | PO & | qongion | 1.3E-04
(FA-AP-222) Pu(NO;),
C233 Pu(NO;); & .
(FA-AP-222) Solvent Recovery KPB MIXS 1100 PuNO,), ,_ Solution . 6.0E-05
C 136 Pu(NO3;); & | , -
Solvent R KPB TK 2000 Solution 1.0E-06
(FA-AP-126) |0 Vet Recovery Pu(NO), ‘
Cl
36 Solvent Recovery KPB TK 3000 PUNO»)s & | g 1ution 2.6E-04
(FA-AP-126) Pu(NOs),
C 140
Acid Recovery kpc | Ev2000 | PUMNO& A ooiion | 1.8E-03
(FA-AP-130) Pu(NOs),
140
¢ Acid Recovery KPC k1000 | PUNO:s& | gopntion | 5.0E-04
(FA-AP-130) Pu(NO;),
C 140 , Pu(NO;); & ~
KP TK 3000 Solut 2.3E-03
(FA-AP-130) Acid Recovery C PUNO3), olution
C138 | ) cid Recovery KPC Tk 4000 | PUNOs & 1 giiion | 8.1B-07
(FA-AP-128) Pu(NO,),
C138 ) Pu(NO;); & .
Acid Recovery KPC TK 4500 Solution 8.1E-07
(FA-AP-128) Pu(NO;),
€314 | 4 cid Recovery KPC Tk 5000 . | PUMNO & | gopion | . 81E-08 | .
(FA-AP-310) Pu(NO;),
C314 , _ Pu(NO,); & .
K 5500 Solut 8.1E-08
(FA-AP-310) Acid Recovery KPC T Pu(NO)s olution '
C 138 . .
Acid Recovery KpC EV 2000 Am Solution 7.7E-03
(FA-AP-128)
C 139 . .
Acid Recovery KPC CLMN 2500 Am Solution 2.5E-05
(FA-AP-129)
C 138 . .
Acid Recovery KPC TK 1000 Am Solution 1.2E-01
(FA-AP-128)
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Table 1. Radioactive Material Inventory by Facility Location (continued)

Mixed Oxide Fuel Fabrication Facility

Construction Authorization Request

Responses to NRC Request for Additional Information

Room # and Unit Equipment or Quantity,
Workshop | (Fire Area) Unit ID Symbol Material Haz Mat Form kg
Aqueous C 138 . .
Polishing (FA-AP-128) Acid Recovery KPC TK 3000 Am solution 4.8E-01
C139 Acid R KPC TK 4000 A luti 1.7E-04
cid Rec a
(FA-AP-129) overy m solution .
C 139 Acid R KPC TK 4500 A luti 1.7E-04
cid Recowv .7E-
(FA-AP-129) i covery m solution
e - KpC TK 5000 Am solution 1.7E-03
Acid R KPC TK 5500 i JE-
(FA-AP-310) cid Recovery 0 Am solution 1.7E-03
€333 Silver R KPF EZR 2000 Pu(NO luti 4.5E-04
ilve v SE-
(FA-AP-324) r Recovery u(NO;); solution
C218 ) ]
(FA-AP-211) Silver Recovery KPF TK 1000 Pu(NO;), solution 7.8E-03
C218 . .
(FA-AP-211) Silver Recovery KPF TK 3000 Pu(NO;), solution 1.3E-03
C218 . .
(FA-AP-211) $1lver Recovery . KPF TK 4000 Pu(NO;); solution 1.3E-03
q €333 Silver R , KPF EZR 2000 Al luti 1.4E-01
ilver Recove m s0| .
(FA-AP-324) 24 ution
C 218 . .
Silver Recovery KPF TK 1000 Am solution 9.7E-01
(FA-AP-211)
Cc218 . .
Silver Recovery KPF TK 4000 Am solution 9.7E-01
(FA-AP-211)
C 308 . i .
Sampling KPG vial PuO, solution 2.0E-01
(FA-AP-304)
C 308 . . .
Sampling KPG vial PuO, solution 2.0E-01
(FA-AP-304)
C 308
Sampling KPG vial PuO, solution 2.0E-01
(FA-AP-304)
Receivi B 152
eceving PuO, Buffer Storage DCE | Buffer Pots PuO, powder | 3.9E+02
(FA-MP-126)
B 156 i
3013 Unloading . DCP 3013 Cans _PnO, ... powder. 1.4EH01
(FA-MP-128)
B 157
3013 Counting bCp 3013 Cans PuO, powder 3.4E+H01
(FA-MP-129) .
B 158
PuO, 3013 Storage DCM 3013 Cans PuG, powder 8.3E+03
(FA-MP-129)
B 163 .
PuQ, Receiving DCP Casks PuO, powder 2.3E+02
(FA-MP-132)
B 184 i
PuO, Receiving DCP Casks PuO, powder 2.3E+02
(FA-MP-128)
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Table 1. Radioactive Material Inventory by Facility Location (continued)

Mixed Oxide Fuel Fabrication Facility
Construction Authorization Request
Responses to NRC Request for Additional Information

Room # and Unit | Equipment or Quantity,
Workshop | (Fire Area) Unit ID Symbol Material Haz Mat Form kg
Receiving B 154 PuO, Receiving DCP Casks PuO, powder 2.3E+02
(FA-MP-152)
D 102 PuO, Receiving DCP Casks PuO, powder 2.3E+02
(FA-SR-102)
B 124 .
(FA-MP-112) UQ, Drum Emptying DDP UO, Drum uo, powder 2.0E+02
B 126 UO, Drum Emptying DDP.:.l.. UO, Drume.. |- - =-UQgsse— |.. pawder 2.0E+02
(FA-MP-113) |~ T - i s -
Powder BI26 ol Milling NBX | PrimaryBlend | 20%MOX | powder | 6.05+01 |
(FA-MP-113)
B 126 Ball Milling NBX | Pots from Filter | 20% MOX powder 1.3E+01
(FA-MP-113)
B 126 Ball Milling NBY Scrap MOX 6% MOX powder 6.0E+01
(FA-MP-113)
B 126 Ball Milling NBY | Pots from Filter | 6% MOX powder 1.3E+01
(FA-MP-113)
B 139 Scrap Processing NCR | Receiving HPR | 20% MOX powder 8.0E+01
(FA-MP-120)
B 139 . . :
(FA-MP-120) Scrap Processing NCR | Pots from Filter | 20% MOX powder - 1.3E+01
B 124 PuO, (;ontainer Opening and NDD Buffer Pot PuO, powder 1.4E+01
(FA-MP-112) |Handling
B 124 |PuO, Container Openingand | nppy | pyffer Pot PuO, powder | 2.7E+00
(FA-MP-112) |Handling
B 124 Pu0, container Opening and NDD Powder PuO, powder 2.7E+00
(FA-MP-112) {Handling
(FA?I\:;-sZSI) Primary Dosing npp | U2 l:;;c;wmg U0, powder 7.1E+02
B 275 Primary Dosing b NDP U0, uo, powder 4.8E+01
(FA-MP-251)
B 124 Primary Dosing NDP Scrap MOX 6% MOX powder 6.0E+01
(FA-MP-112) Powder
(FA?N:::IIZ) Primary Dosing . . NDP P::)evfdue?z PuO, . _ powder 1.2E+01
B 124 . . .
Primary Dosing NDP | Pots from Filter Pu0O, filter 1.3E+01
(FA-MP-112)
(FA?I\:ITZSI) Final Dosing NDS vo, ;R{?:Elvmg Uo, powder 7.1E+02
B 276 Final Dosing NDS Uo, |8[0)8 powder 7.8E+01
(FA-MP-251)
B126  rinal Dosing NDs | SerPMOX | g nviox | powder | 6.0E+01
(FA-MP-113) Powder
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Mixed Oxide Fuel Fabrication Facility
Construction Authorization Request
Responses to NRC Request for Additional Information

Table 1. Radioactive Material Inventory by Facility Location (continued)

Room # and Unit Equipment or Quantity,
Workshop | (Fire Area) Unit ID Symbol Material Haz Mat Form kg
Powder B 126 . . .
(FA-MP-113) Final Dosing NDS | Primary Blend | 20%MOX | powder 6.0E+01
B 126 . . )
(FA-MP-113) Final Dosing NDS | Pots from Filter | 20% MOX powder 1.3E+01
B119  [Homogenization and . o
(FA-MP-110) |Pelletizing NPE Mixer 6% MOX powder 3.2E+02
B119 Homogenization and - pp.{Powder Recovery| (o . o AT
(FA-MP-110) |Pelletizing T SREEEL s TRPRT 7o MY powder 8.0E+0I
B119  |Homogenization and
(FA-MP-110) [Pelletizing NPE Buffer HPR 6% MOX powder 0.0E+00
B 119 Homogenization and Press Feeding
(FA-MP-110) |Pelletizing NPE HPR 6% MOX powder 0.0E+00
B 119 izati
(FA-MP-110) ;{;rlreltoiif:gxzatlon and - NPE Pelletizer 6% MOX | pwdr/pellet | 9.1E-02
B119 Homogenization and
(FA-MP-110) |Pelletizing NPE Conveyor 6% MOX pellet -9.1E-02
B119  |Homogenization and
(FA-MP-110) Pelletizing NPE ‘ Boats 6% MOX pellet 3.0EH01
B119 Homogenization and - . . o
(FA-MP-110) |Pelletizing NPE "| Pots from Filter | 6% MOX powder 1.1E+01
B 121 izati
Homogenization and NPF Mixer 6%MOX | powder | 3.2E+02
(FA-MP-111) Pelletizing
B 121 izati
Homo.g?mzanon and NPF Powder Recovery 6% MOX powder 8.0E+01
(FA-MP-111) |Pelletizing HPR
B 12 izati
1 [Homogenization and NPF | BufferHPR | 6%MOX | powder | 0.0E+00
(FA-MP-111) |Pelletizing
B 121 izati i
Homqg_emzatlon and NPF Press Feeding 6% MOX powder 0.0E+00
(FA-MP-111) {Pelletizing HPR
B 121 izati .
FAMP-A11) ’:;‘;;ggf:;at“’" and NPF Pelletizer 6% MOX | pwdr/peliet | 9.1E-02
121 izati
B Homogenization and NPF Conveyor 6% MOX pellet 9.1E-02
(FA-MP-111) |Pelletizing
BIZ21  lHomogenization and NPF Boats 6%MOX | pellet | 3.0E+01
(FA-MP-111) |Pelletizing
B 121 Homqg;nization and NPF Pots from Filter | 6% MOX powder 1.1E+01
(FA-MP-111) |Pelletizing A
B 123 )
(FA-MP-105) Jar Storage and Handling NTM J60 Jars 20% MOX powder 1.0E+03
B 123 . .
(FA-MP-105) Jar Storage and Handling NTM J60C/R Jars 6% MOX powder 6.6E+02
B 123 .
(FA-MP-105) Jar Storage and Handling NTM J80 Jars 6% MOX powder 1.3E+03
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Table 1. Radioactive Material Inventory by Facility Location (continued)

Mixed Oxide Fuel Fabrication Facility
Construction Authorization Request
Responses to NRC Request for Additional Information

Room # and Unit | Equipment or Quantity,
Workshop | (Fire Area) Unit ID Symbol Material Haz Mat Form kg
Powder B 123
(FA-MP-105) Jar Storage and Handling NTM | 5Pots/Basket | 20%MOX | powder 1.3E+01
B 141 .
(FA-MP-121) Pneumatic Transfer NTP Buffer Pot PuO, powder 2.7E+00
B 141 B ’
(FA-MP-121) Powder Auxiliary NXR | Primary Blend | 20%MOX | powder 6.0E+01
B 141 ‘
= o, (ﬁ- MP:IZ—I‘)— Powder Auxiliary NXR Vial 20% MOX powder - 2.0E-01.
B 141 .
(FA-MP-121) Powder Auxiliary NXR 5 Pots/Basket 20% MOX powder 1.3E+01
Pellets B 140 )
(FA-MP-115) Pellet Repackaging PAD Basket 6% MOX pellet 2.3E+01
B 140 )
(FA-MP-115) Scrap Box Loading PAR Box 6% MOX pellet 2.0E+01
B 115 L ‘ :
(FA-MP-108) Sintering Furnace PFE Rotating Table 6% MOX pellet 4.0E+01
B115 o .
. (FA-MP-108) Sintering Furnace PFE |Sp. Grvty Station| 6% MOX pellet 1.0E+01
: B115 o
(F A-MP 108) Sintering Furnace PFE | Transfer Tunnel [ 6% MOX pellet 1.0E+01
B115 o _
(FA-MP-108) Sintering Furnace PFE | Rotating Table | 6% MOX pellet 5.0E+01
B 115 o
(FA-MP-108) Sintering Furnace PFE Furnace Inlet 6% MOX pellet 1.0E+01
B 115 . ’
(FA-MP-108) Sintering Furnace PFE Furnace 6% MOX pellet 3.6E+02
B 115 o
(FA-MP-108) Sintering Furnace PFE Fumnace Outlet 6% MOX peliet 1.0E+01
B 115 o
. Sintering Furnace PFE Furnace Storage | 6% MOX pellet 0.0E+00
(FA-MP-108) s
B 115 o _
(FA-MP-108) Sintering Furnace PFF Rotating Table 6% MOX pellet 4.0E+01
B 115 o '
(FA-MP-108) Sintering Furnace PFF  |Sp. Grvty Station| 6% MOX pellet 1.0E+01
B 115 o
(FA-MP-108) Sintering Furnace PFF | Transfer Tunnel | 6% MOX pellet 1.0E+01
B 115 o . )
(FA-MP-108) Sintering Fumace PFF | Rotating Table | 6% MOX pellet 5.0E+01
B 115 o ]
(FA-MP-108) Sintering Furnace PFF | Fumacelnlet | 6% MOX pellet 1.0E+01
B 115 o )
(FA-MP-108) Sintering Furnace PFF Furnace 6% MOX pellet 3.6E+02
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o . Mixed Oxide Fuel Fabrication Facility
WD Construction Authorization Request
STonE s weeaen Responses to NRC Request for Additional Information

Table 1. Radioactive Material Inventory by Facility Location (continued)

Room # and Unit | Equipment or Quantity,
Workshop | (Fire Area) Unit ID Symbol Material Haz Mat Form kg
Pellet B115
e Sintering Furnace PFF | FurnaceOutlet | 6% MOX pellet 1.OE+01
(FA-MP-108)
B115
Sintering Fumnace PFF Furnace Storage | 6% MOX pellet 0.0E+00
(FA-MP-108)
Itipl
M "0“’ ®  |Pellet Handling PML | boatbox/basket | 6% MOX pellet 0.0E+00
B242  |Quality Conroland Manwal _ | pop | pagker 6% MOX pellet 2.3E+01
(FA-MP-223) |Sorting T
B .
242 |Quality Control and Manual | pop Vial 6%MOX | pellet 33E-01
(FA-MP-223) |Sorting
B 242 Quality Control and Manual PQE Box Rejected 6% MOX pellet 2.05+01
(FA-MP-223) |Sorting Peliets
B 140
Grinding PRE Tilter 6% MOX pellet 1.0E+01
(FA-MP-115)
4
B 140 Grinding PRE |Weighing Station| 6% MOX pellet 1.0E+01
(FA-MP-115)
B 140
Grinding PRE Vibrating Bowl 6% MOX pellet 5.0E+00
(FA-MP-115) .
B 140 Grinding ISR PRE Grinder 6% MOX pellet 4.9E-01
(FA-MP-115)
4
B 140 Grinding PRE Dust Removal 6% MOX pellet 2.4E-01
(FA-MP-115)
B 140 Grinding PRE Diameter Check | 6% MOX pellet 4.9E-01
(FA-MP-115)
B 140
Grinding PRE Basket 6% MOX pellet 2.3E+01
(FA-MP-115)
B 140 Grinding PRE Pellet Tray 6% MOX pellet 4.7E+00
(FA-MP-115)
B140 | Grinding w= | prg | BoxRejected | o niox pellet | 2.0E+01
(FA-MP-115) Pellets
B 140 Grinding PRE Scrap Pots 6% MOX powder 5.0E+00
(FA-MP-115)
B 132 Grinding_. . . PRF Tilter 6% MOX pellet 1.0E+01
(FA-MP-115)
B132 Grinding PRF |Weighing Station] 6% MOX pellet 1.0E+01
(FA-MP-115) A
B 132 Grinding PRF Vibrating Bowl 6% MOX pellet 5.0E+00
(FA-MP-115)
B 132 Grinding PRF Grinder 6% MOX pellet 4.9E-01
(FA-MP-115)
B 132 Grinding PRF Dust Removal 6% MOX pellet 2.4E-01
(FA-MP-115)
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Table 1. Radioactive Material Inventory by Facility Location (continued)

Mixed Oxide Fuel Fabrication Iacility
Construction Authorization Request
Responses to NRC Request for Additional Information

Room # and Unit | Equipment or Quantity,
Workshop | (Fire Area) Unit ID Symbol |  Material HazMat | Form kg
Pellets B 132 Lo .
(FA-MP-115) Grinding PRF | Diameter Check | 6% MOX pellet 4.9E-01
B 132 o
(FA-MP-115) Grinding PRF Basket 6% MOX peliet 2.3E+01
B 132 o
(FA-MP-115) | " nding PRF Pellet Tray 6% MOX pellet 4.7E+00
B 132 .
- (FAMP-115) |48 prr | BoxReected 3 goimox | pellet | 2.0B¢01
B 132 L
(FA-MP-115) Grinding PRF Scrap Pots 6% MOX powder S.0E+H00
B 117
(FA-MP-109) Green Pellet Storage PSE Green Pellets 6% MOX pellet 4.5E+03
B 129 . )
(FA-MP-114) Sintered Pellet Storage PSF Sintered Pellets 6% MOX pellet 6.1E+03
B 135
(FA-MP-116) Scrap Pellet Storage PSI ch:sr:zget 6% MOX pellet 8.9E+03
B240  |Ground and Sorted Pellet Ground Pellet
(FA-MP-222) |Storage Psi Storage 6% MOX pellet | 47E+03
B 243 A
(FA-MP-224) Pellet Inspection and Storage PTE Basket 6% MOX pellet 4.7E+01
B 243 .
(FA-MP-224) Pellet Inspection and Storage PTE Conveyor 6% MOX pellet 9 8E-01
B 243 ]
(FA-MP-224) Pellet Inspection and Storage PTE Pellet Tray 6% MOX pellet 4.7E+00
B 243 .
(FA-MP-224) Pellet Inspection and Storage PTE Bo’;}:l?;:md 6% MOX pellet 2.0E+01
B 243 .
Pellet Inspection and Storage PTE Basket 6% MOX pellet 4.7E+01
(FA-MP-224) P
B 243 ) :
(FA-MP-224) Pellet Inspection and Storage PTE QC Basket 6% MOX pellet 1.2E+01
B 243 .
(FA-MP-224) Pellet Inspection and Storage PTF Basket 6% MOX pellet 4.7E+01
B 243 _
(FA-MP-224) Pellet Inspection and Storage PTE.. .l.._Conveyor.. .| . 6% MOX pellet. ..|...9.8E-01_.}
B 243 .
(FA-MP-224) Pellet Inspection and Storage PTF Pellet Tray 6% MOX pellet 4.7E+00
B 243 .
(FA-MP-224) Pellet Inspection and Storage PTF Bogi{lfggted 6% MOX pellet 2.0E+01
B 243 .
(FA-MP-224) Pellet Inspection and Storage PTF Basket 6% MOX pellet 4.7E+01
B 243 _
(FA-MP-224) Pellet Inspection and Storage PTF QC Basket 6% MOX pellet 1.2E+01
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Table 1. Radioactive Material Inventory by Facility Location (continued)

Mixed Oxide Fuel Fabrication Facility

Construction Authorization Request

Responses to NRC Request for Additional Information

Room # and Unit | Equipment or Quantity,
Workshop | (Fire Area) Unit ID Symbol Material Haz Mat Form kg
Cladding and B 278 . o
Rod Control (FA-MP-254) Rod Decladding GDE Rod Tray 6% MOX pellet 6.2E+01
B 278 . Box Rejected o
(FA-MP-254) Rod Decladding GDE Pellets 6% MOX pellet 0.0E+00
B 264 Rod Cladding and
(FA-MP-243) [Decontamination GME Basket 6% MOX pellet 2.3E+01
=% wB284, (Rod Cladding and GME | PelletT 6% MOX I 2.3E+00
(FA-MP-243) [Decontamination erlet Tray ° pellet :
B264  |Rod Cladding and o
(FA-MP-243) |Decontamination GME Pellet Tray 6% MOX pellet 2.3E+00
B 264 i
Rod Cladding and GME | PelletTray | 6%MOX pellet | 2.3E+00
(FA-MP-243) {Decontamination
B264  |Rod Cladding and Box Rejected o
(FA-MP-243) |Decontamination GME Pellets 6% MOX pellet 2.3E+01
B 264 i
Rod Cladding and GME Rod 6% MOX pellet | 2.0E+00
(FA-MP-243) {Decontamination
B264  |Rod Cladding and o
| (FA-MP-243) |Decontamination GME Rod 6% MOX pellet 2.1E+01
B264 i
Rod Cladding and GME Rod 6% MOX rod 2.1E+01
(FA-MP-243) {Decontamination
B 264 i
Rod Cladding and GME Rod 6% MOX rod 1L1E+02
(FA-MP-243) Decontamination
B 264 i
Rod Cladding and GMF Basket 6%MOX | pellet | 23E+01
(FA-MP-243) Decontamination
B264  IRod Cladding and GMF | PelletTray | 6%MOX pellet 2.3E+00
(FA-MP-243) |Decontamination
B 264 i
Rod Cladding and GMF | PelletTray | 6%MOX | pellet | 23E+0
(FA-MP-243) |Decontamination
B264  |Rod Cladding and GMF | PelletTray | 6%MOX pellet 2.3E+00
(FA-MP-243) |Decontamination
B264 Rod Cladding and GMF | BoxRejected | o iy | pellet | 2.3E+01
(FA-MP-243) {Decontamination Pellets
B264  |Rod Cladding and GMF Rod 6%MOX | pellet | 2.0B+00--| - -
(FA-MP-243) |Decontamination
B 264 i
64 |Rod Cladding and GMF Rod 6%MOX | pellet | 21E+01
(FA-MP-243) Decontamination .
B264  IRod Cladding and GMF Rod 6% MOX rod 2.1E+01
(FA-MP-243) [Decontamination
B264  {Rod Cladding and GMF Rod 6% MOX rod L1E+02
(FA-MP-243) Decontamination
B 264 .
Rod Tray Loading GMK Rod Tray 6% MOX rod 6.2E+01
(FA-MP-243)
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Mixed Oxide Fuel Fabrication Facility
Construction Authorization Request
Responses to NRC Request for Additional Information

Table 1. Radioactive Material Inventory by Facility Location (continued)

Room # and Unit | Equipment or Quantity,
Workshop | (Fire Area) Unit ID Symbol Material Haz Mat Form kg
Cladding and B 264 )
Rod Control | (FA-MP-243) Rod Tray Loading GMK Rod Tray 6% MOX rod 6.2E+01
B 169 )
(FA-MP-137) Rod Scanning SCE Rod Tray 6% MOX rod 6.2E+01
B 173 . .
(FA-MP-137) Rod Inspection and Sorting SDK Rod Tray 6% MOX rod 3.1E+02
B 169 e S e P : PR
(FA-MP-137) Helium Leak Test SEK= Rod Tray = |- 6%-MOX < rod 6.2E+01
B 186
(FA-MP-148) Rod Storage STK Rod 6% MOX rod 3.1E+04
B 169 .
(FA-MP-137) X Ray Inspection SXE Rod Tray 6% MOX rod 6.2E+01
A bl B 183 i
SSemoy Assembly Handling and TAS | Assembly | 6% MOX rod 5.9E+04
(FA-MP-146) |Storage
B174a .
(FA-MP-14g) | As5emoly Dry Cleaning TCK Assembly 6% MOX rod 5.1E+02
B 174 i i
@ |Assembly Dimensional TCP Assembly 6% MOX rod 5.1E+02
(FA-MP-140) |Inspection ,
B 174b .
(FA-MP-140) Assembly Mockup Loading TGM Rod Tray 6% MOX rod 6.2E+02
B 174b ,
(FA-MP-14g) | 55emPly Mounting TGV Assembly 6% MOX rod 5.1E+02
B 180 .
Assembly Packaging TXE Cask 6% MOX rod 1.5E+03
(FA-MP-143) &
B 185 .
Assembly Packaging TXE Cask 6% MOX rod 1.5E+03
(FA-MP-147) y Fackag
B 165 . .
(FA-MP-134) Assembly Packaging TXE Cask 6% MOX rod 1.5E+03
D 101 X R
(FA-SR-101) Assembly Packaging TXE Cask 6% MOX rod 1.5E+03
Lab Multiple [Pneumatic Transfer LTP ~ vial PuO, powder 2.0E-01
Wastes and Total operating solid TRU
Miscellaneous waste in Wastes workshop .
. e Drums of waste | Assorted solid | Contam-
Areas Multiple I]z;?:cislial;r:ct)ismfreas process material waste material |inated solids 2.9E+00
support units
Total operating solid LLW
waste in Wastes workshop .
lid tam-
Multiple process units and Dm?nitifi:]am QZ?: ;i::ri;l inact:g solids| 22603
Miscellaneous Areas process
support units
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Mixed Oxide Fuel Iabrication Facility
Construction Authorization Request
Responses to NRC Request for Additional Information

Table 1. Radioactive Material Inventory by Facility Location (continued)

Room # and Unit | Equipment or Quantity,
Workshop | (Fire Area) Unit ID Symbol Material Haz Mat Form kg
Wastes and Total solid dubious waste in
Miscellaneous Multiple Wastes workshop process units Drums of waste | Assorted solid| Contam- L1E-02
Areas Hp and Miscellaneous Areas material waste material |inated solids T
process support units
HVAC Maximum amount of material GE Filter * Process Particulate 3.0
Systems in GB Filter Dependent in Filter ’
— Maximum amount of material . . Process Particulate .
in final filters Final Filters Dependent in Filter Negligible
Secured -~ | Ee==sri=—TAmount of material stored in Drums of
Warehouse N/A 33 gallon drums in the . uo, powder 3.75E+04
Material
warehouse
Aqueous 3 kg of HEU
Polishi UO,(NO
1shing TBD several several several 2(NOs); sol 750 kg of
U(N03)4 depleted
uranium
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Table 3. Damage Ratios used in SA

Damage Ratios:

Release Mechanism Form DR
Explosive Over-Pressurization pellet 0.01
Explosive Over-Pressurization Rod 0.001

Damage Ratio of one used for other materials and events.
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Mixed Oxide Fuel Fabrication Facility

5 . foar
Construction Authorization Request
o URE coGEMS Responses to NRC Request for Additional Information

62. Table 5.5-9, p. 5.5-86; Table 5.5-12, p. 5.5-90; Table 5.5-15, p. 5.5-95; and 5.5-18,
p. 5.5-100; Appendix 5A

Explain the difference between the events provided in the tables in Appendix 5A and those listed
in Tables 5.5-9, 5.5-12, 5.5-15, and 5.5-18. Explain if the events listed in Tables 5.5-9, 5.5-12,
5.5-15, and 5.5-18 are a subset of those tables in Appendix 5A.

Section 5.4.3.1 (E) of the MOX SRP recommends that the applicant’s safety assessment of the
design basis shows that the design and design bases will result in a facility that will meet the
performance requirements of 10 CFR 70.61 and the defense-in-depth requirements of 10 CFR

TN LAY TLa QDD olon 1 1
T0.64(b)-TheSRP.also recammends that the safety assessment of the design basis should

include a hazards analysis. Clarification of the lists of events is necessary to understand the
hazard analysis which is included to support the application.

Response:

Events in Tables 5.5-9, 5.5-12, 5.5-15, 5.5-18, 5.5-23, and 5.5-25 are subsets of the total list of
events from the hazard assessment provided in Appendix 5A. These tables provide a cross-
reference to the events and event types in Appendix 5A. All events listed in Appendix 5A are
discussed in the corresponding sections of Section 5.5 according to event type, except for low
consequence events. Low consequence events are identified in Table 5.5-25 and discussed in
Section 5.5.2.11.

Action:

The CAR will be revised to reflect this information.
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63. Table 5.5-9, p. 5.5-86; Table 5.5-12. p. 5.5-90; Table 5.5-15, p. 5.5-95; and 5.5-18,
p-5.5-100;

Provide the calculated consequences for all hazard assessment events as listed in Tables 5.5-9,
5.5-12, 5.5-15, and 5.5-18. Also provide the parameters used in equations 5.4-1 and 5.4-2 to
calculate the consequences.

Section 5.4.3.1 (D)(iv) of the MOX SRP recommends that the applicant’s approach for assessing
the consequences of accidents be consistent with the acceptance criteria in Section 5.4.3.2
(B)(v)(c). The consequences and parameters need to be provided for the staff to evaluate the

approach.
Response:

For the CAR, hazard assessment events are categorized by their unmitigated consequence into
one of two categories: low consequence or above low consequence. The consequence threshold
is based on the performance criteria of 10 CFR 70.61 as described in Section 5.4 of the CAR.
For low consequence events, no principal SSCs are required or identified. For events whose
consequences have the potential to exceed the low consequence criteria of 10 CFR 70.61,
principal SSCs are identified to mitigate the consequences or make the event highly unlikely.
Section 5.5.2 of the CAR identifies hazard assessment events that require the application of
principal SSCs, and thus identifies the consequence category for that event.

Numerical values for the bounding mitigated consequences are provided in CAR Section 5.5.3.
These consequences are determined by calculating the potential unmitigated consequences for all
hazard assessment events. The events with the potential to produce the largest unmitigated
consequences for each event type are designated as the bounding events. The bounding
consequence event then applies HEPA filters to determine the mitigated consequences. As part
of a conservative deterministic approach to establishing a safety basis, no credit for any other
mitigating features and no other reduction in the source system is applied. Thus, these
calculations can be used to determine the upper bound for all unmitigated event consequences
(note that the dose reduction factor for the HEPA filters is less than a factor of 100 for the
criticality event as over 99% of the mitigated consequence is based on the dose associated with
noble gases).

The methodology for performing the consequence calculations is provided in Section 5.4. All
terms are identified and values are either referenced in the CAR, or provided, except for damage
ratios, and ARFxRF values. Thése values are provided in response to Queéstion 61. In addition,
clarified source term information has been provided in response to Question 61.

It is important to note that the results associated with the bounding events presented in the CAR
are based on conservative, deterministic assumptions. Use of best estimate methodology would
produce results that are several orders of magnitude lower than those presented in the CAR.
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Action:

The CAR will be revised to reflect this information.
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64. Table 5.5-10, pp. 5.5-87 and 5.5-88: Table 5.5-13, pp. 5.5-91 and 5.5-92; Table 5.5-
16, pp. 5.5-96 and 5.5-97

Provide a description of the training and procedures to be relied on as SSCs and provide
estimates of the likelihood of these procedures to be incorrectly followed or to fail to provide the
intended mitigation.

Section 5.4.3.1 (D)(iii) of the MOX SRP recommends that the applicant’s approach for applying
likelihoods to the accidents should show how each principal SSC acts to prevent or mitigate the
accident. The staff will need to know the likelihood of events with consequences that could
exceed regulatory limits to determine if the plant will meet the performance requirements of -
10 CFR 70.61. Tables 5.5-10, 5.5-13, and 5.5-16 list principal SSCs for facility worker
protection from various event categories. Some of the event groups within the categories contain
training and procedures as their principal SSCs.

Response:

A safety assessment has been performed as part of the CAR to identify hazards, event sequences,
and principal SSCs to meet the performance requirements of 10 CFR 70.61. For some events,
the principal SSC of “Training and Procedures” has been identified as being required to meet the
performance requirements of 10 CFR 70.61 for the facility worker. In all cases, “Training and
Procedures” are meant to address the actions that the facility workers take to protect themselves
by evacuating the area or otherwise minimizing dose (e.g., donning of mask) following the
occurrence of an event. See the response to Question 54 for additional information.

Event likelihood is discussed in response to Question 39.

The human factors engineering program, and training and procedures are described in CAR
Chapters 12 and 15, respectively. These programs provide the framework for the development
of specific procedures and training to be provided to meet the performance requirements of

10 CFR 70.61.

Action:

The CAR will be revised to reflect this information.

31 August 2001 64-1



Q Mixed Oxide Fuel Fabrication Facility
D Construction Authorization Request
o o Responses to NRC Request for Additional Information

65. Table 5.5-10, pp. 5.5-87 and 5.5-88; Table 5.5-11, p. 5.5-89; Table 5.5-13. pp. 5.5-91
and 5.5-92: Table 5.5-14, pp. 5.5- 93 and 5.5-94; Table 5.5-16, pp. 5.5-96 and 5.5-97;

In addition to information provided in response to the comment above, provide failure or
reliability estimates (ranges would be sufficient) for the principal SSCs as listed in Tables 5.5-10,
5.5-11, 5.5-13, 5.5-14, 5.5-16, 5.5-17, and 5.5-19. If a failure or reliability value can not be
determined from the description of the SSC, then a target value for desired maximum failure
probability or minimum reliability should be provided.

Section 5.4.3.1 (D)(iiilef the MOX SRP recommends that the applicant’s approach for applying
likelihoods to the acmdents should show how each principal SSC acts to prevent or mitigate the
accident. The staff will need to know the likelihood of events with consequences that could
exceed regulatory limits to determine if the plant will meet the performance requirements of

10 CFR 70.61.

Response:
The response to this question is provided in the general response to Question 39.
Action:

None
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66. Table 5.6-1, pp. 5.6-5 thru 5.6-11

Describe the safety functions that are allocated directly or indirectly to software components.

Per Section 11.3 of the SRP, the Safety Analysis should address how potential failure modes are
analyzed, including consideration of communication failures, common-mode failures, and human
errors. Software is a potential common-mode and it is not clear from the table if it was
considered. Software is frequently overlooked during system hazard analyses, but this should
not occur in safety applications. Software hazard analysis controls software hazards and hazards
related to interfaces between the software and the system interfaces between the software and the
system (including hardware and human components.) It includes analyzing the requirements,
design, implementation, user interfaces and changes. The description of methods, practices, or
standards concerning the allocation of system hazards to software components and their
inclusion in the requirements is missing in Table 5.6-1 of the application.

Per section 11.3 and 11.5.1 of the SRP, a determination should be made if the design basis
adequately addresses the specific criteria of how potential failure modes are analyzed to include
the effects of communication failures, common mode failures, and human errors. Information is
needed in order to evaluate the applicant’s commitment to provide plant systems that satisfy the
acceptance criteria.

Response:

HAZOPs and other process hazard analyses techniques are being performed as part of the ISA to
identify specific causes of events and associated prevention features (IROFS). Software failures
including communication failures, common mode failures and human errors are included in the
analysis. To date, criticality prevention related to material inventory control is the only safety
function that has been allocated to software.

In the design of the control systems for the MFFF, DCS will minimize the use of software
programmable electronic devices in applications that are IROFS. Where software programmable
electronic systems are used as IROFS, the software programmable electronic system will not be
the single element of a protection scheme. The configuration of the software driven control
system for the MFFF is a multi-level system. The different levels use different software,
different hardware, different communication links, and different control links. The different
levels are not dependent upon the other to perform their intended functions.

Part of the design criteria for the control system of the MFFF is that the control system will
include redundant and/or diverse instrument channels. The instrument channels will be designed
with separation to ensure that there is no single failure vulnerability.

Methods, practices, codes and standards applicable to MFFF software systems are described in
CAR Chapter 11.6. Application of the codes and standards identified ensure that the design
adequately addresses communication failures, common mode failures and human errors.
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Action:

The CAR will be revised to reflect this information.
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CHAPTER 6, NUCLEAR CRITICALITY ANALYSIS

67. Chapter 6, General

Explain the words "as practical" or "as needed" as used throughout this chapter. Provide explicit

criteria explaining who makes the determination whether following a design principle is practical

or necessary, and how the determination is made.

Explicit identification of how the design philosophy will be applied is necessary to ensure that
the design bases will provide reasonable assurance of protection against a criticality accident.

Response:

The determination of whether following a design principle is practical is made in the nuclear
criticality evaluation program during the NCSEs. These analyses are subjected to numerous
technical and managerial reviews. Specifically, there is an independent reviewer, a technical
supervisor review, a design verification review, plus management reviews.

Specific instances of the words "practical” and "needed" and their explanation are as follows:

e Page 6-2: "Management measures provide reasonable assurance that items relied on for
safety (IROFS) will be available and reliable to perform their designated safety functions
when needed."

The phrase, "when needed" here refers to the need for IROFS being available whenever they
are required to perform their intended safety function.

e Page 6-4: "These reviews will be conducted, in consultation with operating personnel, by
MEFFF staff who are knowledgeable in nuclear criticality safety and who (to the extent
practicable) are not immediately responsible for operations.”

The phrase "to the extent practicable" refers to criticality safety personnel that are

independent of operations. However, sometimes the most knowledgeable personnel are those

who are involved in operations. This will be handled on a case-by-case basis.

e Page 6-5: "Where practicable, reliance is placed on equipment design that uses passive
engineered controls rather than on administrative controls."

See response to Question 72.

o Page 6-8: "Where practicable, reliance is placed on equipment design that uses passive
engineered controls rather than on administrative controls."

This is the same sentence as the previous one and is a restatement of general principles. See
response to Question 72.
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Page 6-9: "In terms of assumed reliability of criticality controls, NCSEs for the MFFF will
consider controls of higher hierarchical preference, to the extent practical, to provide
correspondingly higher reliability when assessing criticality risks and demonstrating
compliance with the double contingency principle."

The phrase "to the extent practical" here refers to the hierarchical preference in the design of
the MFFF of passive engineered controls, such as geometry, over active engineered controls,
to be the most reliable and, therefore, preferable. However, there are some situations, such as
in the powder mixing units, where a fixed geometry can not be assured. In those cases, active
controlsare used. The use of such controls will be justified in the NCSEs.

Page 6-14: "Justification for the use of moderation control, when needed, is provided in
NCSE:s and the ISA Summary."

The phrase, "when needed" here refers to the fact that the use of moderation control will be
justified in the NCSEs. This will be done whenever, the criticality safety can not be
demonstrated independently from all conditions of moderation.

Page 6-27: "Moderation control is used for some process equipment when its needed capacity
is not compatible with mass control alone, such as equipment in the Powder Area and some
units in the Pellet Process Area and Fuel Rod Process Area."

The phrase, " itsxnsededcapacity” refers to the design, or required, capacity of the process.
Page 6-30: "Two types of homogeneity can be needed."

The phrase, "can be needed" here refers to the fact that in some MOX Process (MP) units, it
is important to adequately mix PuQ, and powders and adequately mix the powder blend and
the small quantities of organic additives. Process controls are involved here and the unit will
be demonstrated safe by the NCSEs.

Page 6-35: "Benchmark experiments are selected that resemble as closely as practical the
systems being evaluated in a design application in all characteristics, such as system
configuration (i.e., rod lattice versus homogeneous solution), moderator characteristics, fuel
material composition (e.g., 239py content) and density, moderator-to-fuel ratio, multiple fuel
unit interaction, presence and form of strong neutron-absorbing materials, and reflector
characteristics." '

The phrase, "as closely as practical” here refers to the goal that the selected benchmark
experiments match the corresponding MFFF situation. However, there are only a limited set
of benchmark experiments available (i.e., in the international benchmark handbook). While
there are many benchmarks applicable to the MFFF, DCS will use the most appropriate set of
experiments. In the case where there is some difference between the design application and
the benchmark experiments, this difference will be discussed and the use of the benchmark
set justified.
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Page 6-36,-37: "Where practical, criticality is precluded by demonstrating that the design is
subcritical without the need to implement controls, or by making appropriate design changes
to render criticality non-credible. In those cases in which it is not practical to make
criticality non-credible, criticality control parameters are selected and limits on these
parameters are established."

The phrase "where practical” here refers to the MFFF project goal of using passive features,
such as geometry, to ensure criticality safety. The use of such controls usually ensures that a
criticality will not be credible and therefore is desirable. The phrase, "is not practical" here
refers to the situations where criticality safety can not be assured using such passive features.
The use of non-passive.features todemonstrateeriticality safety will be justified in the

NCSEs.

Page 6-39: "To the extent practical, process designs will incorporate sufficient features such
that they can be demonstrated subcritical under both normal and credible accident
conditions."

The phrase, "to the extent practical" here should be deleted. MFFF process designs will
incorporate sufficient features such that they can be demonstrated subcritical under both
normal and credible accident conditions.

Action:

The phrase "to the extent practical" on page 6-39 will be deleted in the next update of the CAR.
Otherwise, no change.
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68. Section 6.1, pp. 6-1 and 6-2

Describe the qualifications and duties of the Nuclear Criticality Safety (NCS) staff during the
design phase.

10 CFR 70.22(f) states, in part: "Each application for a license to possess and use special nuclear
material in a plutonium processing and fuel fabrication plant shall contain...a description and
safety assessment of the design bases of the principal structures, systems, and components of the
plant..." 10 CFR 70.62(a) states that each licensee or applicant shall establish and maintain a
safety program that demonstrates compliance with the performance requirements of 10 CFR
70.61. Nuclear criticality safety is an important area for the safety assessment of the design- .~
bases of the principal structures, systems, and components and for the safety program that '
demonstrates compliance with the 10 CFR 70.61performance requirements. SRP Section
6.4.3.1.A recommends that the applicant describe positions, responsibilities, experience, and
qualifications of persons responsible for NCS.

The NCS Organization and Administration is described for the operations phase, but not for the
design phase except for the statement that the NCS function is within the "design engineering
organization". Qualified staff are necessary to ensure that the design bases will provide
reasonable assurance of protection against a criticality accident.

Response: AL

The qualifications of the criticality safety function during the design phase are analogous to those
during the operations phase (see Section 6.1 of the CAR).

The MFFF Facilities Design Manager is responsible for the design of the facility and site-related
interfaces for the MFFF, including the nuclear safety discipline that encompasses the criticality
safety function, during the design phase. The criticality safety function is responsible for the
following during the design phase:

Establish the Nuclear Criticality Safety design criteria;

Provide criticality safety support for integrated safety analyses and configuration control;
Assess normal and credible abnormal conditions;

Determine criticality safety limits for controlled parameters;

Develop and validate methods to support nuclear criticality safety evaluations (NCSEs);
Perform criticality safety calculations and write NCSEs;

Specify criticality safety control requirements and functionality;

Provide advice and counsel on criticality safety control measure; and

Support emergency response planning.

The minimum qualifications for a criticality safety function manager are a Bachelor of Science
(BS) or Bachelor of Arts (BA) degree in science or engineering with at least two years of nuclear
industry experience in criticality safety. A criticality safety function manager must understand
and have experience in the application and direction of criticality safety programs. A criticality
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safety function manager has the authority and responsibility to assign and direct activities for the
criticality safety function.

The minimum qualifications for a senior criticality safety engineer are a BS or BA degree in
science or engineering with at least two years of nuclear industry experience in criticality safety.
A senior criticality safety engineer has the authority and responsibility to conduct activities
assigned to the criticality safety function.

The minimum qualifications for a criticality safety engineer are a BS or BA degree in science or
engineering with at least one year of nuclear industry experience in criticality safety. A

- _critieality safety-engineer-has the authority and responsibility to conduct activities assigned to the
criticality safety function, with the.exception of independent verification of NCSEs.

The MFFF implements the administrative practices for criticality safety, as contained in
Section 4.1 of American National Standards Institute/ American Nuclear Society (ANSI/ANS)-
8.1-1983 (R1998), Nuclear Criticality Safety in Operations with Fissionable Materials Outside
Reactors.

The DCS criticality safety staff meet or exceed the minimum qualifications described above.
Action:

Section 6:#4=wittsherevised-torindicate the qualifications and duties described above in the next
update of the CAR.
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69. Section 6.1, pp. 6-1 and 6-2

Revise the application (including pages 6-2 and 6-4) to provide the correct reference to the
American National Standards Institute/American Nuclear Society (ANSI/ANS)-8.1 standard.

Page 6-2 refers to ANSI/ANS-8.1-1983, when the correct reference should be ANSI/ANS-8.1-
1983 (R1988).

Response:

The references in the CAR Chapter 6 will berevised to the latest-revision of the ANSI/ANS 8.1
standard (R1998).

Action:

The ANSI/ANS-8.1 date of applicability will be corrected in the next update of the CAR.

31 August 2001 69-1



Q Mixed Oxide Fuel Fabrication Facility
3 Construction Authorization Request
STONE 5 WEBSTER Responses to NRC Request for Additional Information

70. Section 6.1, pp. 6-1 and 6-2

Justify the absence of a commitment to ANSI/ANS-8.19-1986, "Administrative Practices for
Nuclear Criticality Safety", when describing the commitment to administrative practices in
ANSI/ANS-8.1-1983 (R1988). Clarify what is being committed to with regard to administrative
practices.

10 CFR 70.22(f) states, in part: "Each application for a license to possess and use special nuclear
material in a plutonium processing and fuel fabrication plant shall contain...a description and
safety assessment of the design bases of the principal structures, systems, and components of the
plant..." 10 CFR 70.62(a) states that each licensee or applicant shall establish and maintain a
safety program that demonstrates compliance with the performance requiréinents of 10 CFR
70.61. Nuclear criticality safety is an important area for the safety assessment of the design
bases of the principal structures, systems, and components and for the safety program that
demonstrates compliance with the 10 CFR 70.61 performance requirements. SRP Section
6.4.3.1.b recommends that ...

It appears that the applicant has explicitly chosen to commit to some standard administrative
practices and implicitly commits to others. Clearly describing the criteria used in standards
during the design is necessary to ensure that the design bases will provide reasonable assurance
of protection against a criticality accident.

- Response:

A commitment to ANSIVANS-8.19-1986, "Administrative Practices for Nuclear Criticality
Safety", is in Section 6.4 of the CAR. ANSI/ANS 8.19 was not specifically listed in the
referenced pages.

Action:

A statement that DCS implements the administrative practices for criticality safety, as contained
in ANSI/ANS-8.19-1996, will be added to Section 6.1 in the next update of the CAR.
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71. Section 6.3.1, pp. 6-4 and 6-5

State whether the Nuclear Criticality Safety Evaluations (NCSEs) will be completed and
submitted to the NRC prior to construction. Justify your response.

Page 6-4 of the application states that, "The NCSEs are used to develop the design basis of the
facility and to demonstrate compliance with the double contingency principle." Information used
to develop the design basis should be submitted for review.

Response:

The current schedule is-for theNuclear Criticatity Safety Evaluations (NCSEs) to be prepared by
the time of the submittal of the license application for possession and use of special nuclear
material.

NCSEs will be summarized in the ISA Summary submitted with the license application. DCS
understands that the NCSEs are part of the detailed Integrated Safety Analysis (ISA)
documentation, which, in accordance with 10 CFR 70.66(c)(2), are available to NRC at the
licensee’s site.

Action:

None
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72. Section 6.3.1, pp. 6-4 and 6-5

On page 6-5, third bullet, define exactly what is meant by the statement, "Where practicable
[...]," when referring to the preferred hierarchy of controls. State whether there is a specified
procedure for making the determination of practicability.

10 CFR 70.22(f) states, in part: "Each application for a license to possess and use special nuclear
material in a plutonium processing and fuel fabrication plant shall contain...a description and
safety assessment of the design bases of the principal structures, systems, and components of the
plant..." 10 CFR 70.62(a) states that each licensee or applicant shall establish and maintain a
safety program that demonstrates compliance with-the perfermancesrequirements of 10 CFR
70.61. Nuclear criticality safety is an important area for the safety assessment of the design
bases of the principal structures, systems, and components and for the safety program that
demonstrates compliance with the 10 CFR 70.61performance requirements. SRP Section
6.4.3.3.2.0 recommends that passive geometry control is preferred and justification should be
provided for other controls.

Section 6.3.3 describes each type of control and its relative preference for use as a criticality
control. The term "practicable" is rather loose in this context. This information is necessary to
ensure that the design bases will provide reasonable assurance of protection against a criticality
accident.

Response:

“Where practicable” is meant to describe a determination based on engineering design and
throughput considerations. See the response to Question 67 for information regarding how the
determination of practicability is made.

The preference for passive engineered control is consistent with the design criteria stated in CAR
Section 6.3.1. Passive engineered control inherently incorporates passive, designed-in forms of
control, which generally result in higher levels of control reliability than other forms of control
such as active engineered, enhanced administrative or simple administrative controls. However,
several instances exist in the MFFF design where active engineered or administrative control is
implemented because the physical processes do not lend themselves to passive control. For
example, mass control is always performed by non-passive control. Mass control is often used in
the powder areas where the geometrical shape of the powder can not be guaranteed. Similarly, in
the laboratory where in actuality the mass is small and located in various locations, the mass is
manually weighed by administrative controls where dual independent means are used. Inthis-- -~ -~~~
case, two different scales are used by two different personnel. Another example is the
administrative prohibition of not bringing hydrogenous material into the normally dry areas.

Further clarification defining favored criticality safety design approach commitments will be
added to the end of the third bullet in CAR Section 6.3.1, by indicating that specific safety
principles incorporated during the development of the MFFF design in order to enhance the
inherent reliability of criticality controls are summarized as follows: (a) the preferred use of
passive engineered features over active engineered features, (b) the preferred use of engineered
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features over administrative controls, and (c) the preferred use of enhanced administrative
controls over simple administrative controls. (See also the response to Question 80.)

Action:

The additional information discussed above will be included in the next update of the CAR.
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73. Section 6.3.1, pp. 6-4 and 6-5

On page 6-5, fourth bullet, specify any additional facility management measures that may be
used to flow down controlled parameters.

10 CFR 70.22(f) states, in part: "Each application for a license to possess and use special nuclear
material in a plutonium processing and fuel fabrication plant shall contain...a description and
safety assessment of the design bases of the principal structures, systems, and components of the
plant..." 10 CFR 70.62(a) states that each licensee or applicant shall establish and maintain a
safety program that demonstrates compliance with the performance requirements of 10 CFR
70.61. Nuclear criticality safety is-am-impostant-area-for the safety-assessment of the design
bases of the principal structures, systems, and components and for the safety program that
demonstrates compliance with the 10 CFR 70.61performance requirements. SRP Section
6.4.3.3.2.D recommends that the applicant [commit to] incorporate controls into facility
management measures as required by 10 CFR 70.62(d).

If there are additional management measures that are relied on for safety, they should be
identified here. This information is necessary to ensure that the design bases will provide
reasonable assurance of protection against a criticality accident.

Response:

Section 6.2 and Chapter 15 address management:measures-that-will be relied on for safety.
Sections 6.2.1 through 6.2.4 address specific management measures, which are related to
criticality safety. Any additional criticalitg related management measures identified during the
ISA will be documented in the LA. The 4™ bullet under Section 6.3.1 will be amended to
indicate that the controlled parameters are flowed into facility management measures, such as
procedures and maintenance requirements, as specified in Section 6.2.

Action:

Section 6.3.1 will be clarified to reflect the information above in the next update of the CAR.
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74. Section 6.3.2, pp. 6-6 thru 6-8

Provide a list of those specific areas and/or operations for which an exemption is sought, with
justification.

The basis for criticality accident alarm system (CAAS) exemptions is stated as follows: "CAAS
coverage will be exempted from areas that are (1) limited to less than half of a minimum critical
mass with no potential for double batching, and (2) used for storage of closed shipping
containers." Under 10 CFR 70.24, an exemption must be approved by NRC. The CAAS is one
of the principal SSCs of the facility mitigating the consequences of a criticality accident.

Response:

Specific areas (if any) requiring exemption from criticality accident monitoring requirements
will be identified in the LA. The basis for such exemptions will be provided.

Action:

Section 6.3.2 will be clarified to reflect the information above in the next update of the CAR.
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75. Section 6.3.2, pp. 6-6 thru 6-8

Describe whether CAAS detectors will be gamma or neutron detectors or whether they will
provide dual alarm coverage of all non-exempt areas.

Dual alarm coverage is required under 10 CFR 70.24. This information does not appear to be
provided in the application. The CAAS is one of the principal SSCs of the facility mitigating the
consequences of a criticality accident.

Response:

As required-by 10 €FR 70-and Reguiatory Guide 3.71; the MFFF CAAS will provide two
criticality monitors/alarms. Standard gamma/neutron criticality detectors are planned to be used.
Actual detector selection will be made for final design.

Action:

None

31 August 2001 75-1



C Mixed Oxide Fuel Fabrication Facility
3 Construction Authorization Request
GrauKE cosEM Responses to NRC Request for Additional Information

76.  Section 6.3.3.1, pp. 6-8 and 6-9

Clarify under what set of conditions in Section 6.3.3.1 neutron interaction is to be considered.

This section could be interpreted to mean that neutron interaction is only considered where single
parameter limits are applied. This information is necessary to ensure that the process remains
subcritical under both normal and credible abnormal conditions in accordance with 10 CFR
70.61(d).

Response:

Neutron interaction is considered for all conditions to ensure that the process remains subcritical
under all normal and credible accident conditions. Section 6.3.3.1 will be modified to indicate
that the potential for neutron interaction between units is fully evaluated to ensure that the
process remains subcritical under all normal and credible accident conditions, and additional
controls on spacing are identified and incorporated into facility management measures as
necessary.

Action:

Section 6.3.3.1 will be modified as identified above in the next update of the CAR.
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71. Section 6.3.3.1, pp. 6-8 and 6-9

Explain the special status afforded to fixed neutron absorbers in Section 6.3.3.1 and state
whether the use of other types of neutron absorbers are considered.

This section 6.3.3.1 singles out fixed neutron absorbers specifically in the section on general
criticality control modes. This information is necessary to ensure that the design bases will
provide reasonable assurance of protection against a criticality accident as required by 10 CFR
70.61(d).

Response:

Fixed neutron absorbers are afforded special status in the third paragraph of CAR page 6-9 since
fixed neutron absorbers represent a very reliable means of criticality control (i.e., passive control
method) often used in conjunction with geometry control. When incorporated into the MFFF
design along with a commitment to implement ANSI/ANS-8.21-1995 guidance (see response to
Question 90), criticality control provided with fixed neutron absorbers is considered comparable
to geometry control. This position is consistent with the CAR Section 6.3.3.1 commitment to
rely on passive engineered controls where practicable.

Other types of neutron absorber control (i.e., soluble boron) are not considered as inherently
reliable as fixed neutron absorbers and are not currently envisioned to be employed in any MFFF
process-unit erarea. .Any such applications of neutron absorber control in the final MFFF design
will be clearly identified in the LA and ISA. In any case, compliance with the double
contingency principle of ANSI/ANS-8.1-1983 (R1998) will be demonstrated in the NCSEs.

Action:

None
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78. Section 6.3.3.2, pp. 6-10 and 6-18

In Section 6.3.3.2, "Available Method of Control", for all controlled parameters (especially mass,
volume, and geometry), commit to consider the most reactive combinations of tolerances on the
dimensions and material specifications.

SRP Section 6.4.3.3.2.9.A allows for the use of borosilicate glass raschig rings provided the
applicant commits to ANSI/ANS 8.5-1996; soluble absorbers could also be used, but no mention
of raschig rings or soluble absorbers is made. Section 6.3.3.2.1, "Geometry Control", states that
"tolerances on nominal design dimensions are treated conservatively", but does not state that the
most reactive combination of tolerances will be determined and used. This should also be
generally true for other controlled parameters. This is necessary to ensure that the process
remains subcritical under both normal and credible abnormal conditions in accordance with

10 CFR 70.61(d).

Response:

As stated in Section 6.3.4.3, General Design Approach, “the design approach with respect to
criticality ... for each controlled parameter, assume the credible optimal condition (i.e., most
reactive condition physically possible) for the parameter, or calculate the allowed range for the
parameter.” Criticality calculations and nuclear criticality safety evaluations are performed
assuming the most reactive physical condition to ensure that the process remains subcritical
under all normal and abnormal conditions, in accordance with 10 CFR 70.61(d).

Action:

None

31 August 2001 78-1



C Mixed Oxide Fuel Fabrication Facility
3 Construction Authorization Request

ST o Responses to NRC Request for Additional Information
79. Section 6.3.3.2.4

. 6-12; Section 6.3.3.2.5, p. 6-13

Provide a demonstration for the following assumptions: (1) the assumption that the presence of

241py can be neglected, in Section 6.3.3.2.4; and (2) the assumption that 1-inch of water can be
used to conservatively represent reflection, in Section 6.3.3.2.5.

Demonstration of these assumptions, used in designing the facility, is necessary to ensure that the
process remains subcritical under both normal and credible abnormal conditions in accordance
with 10 CFR 70.61(d).

Response:

(1) Specifications of plutonium isotopics used in the MFFF include concentration of fissile and
nonfissile plutonium isotopes (e.g., > Pu, >*°Pu, 2*'Pu), as well as the relative abundance of
?lutonium to uranium. A calculation will be prepared that will show that 96% ***Pu and 4%

“*py as used in criticality calculations bounds the presence of 240Py (5% to 9%) and ***Pu
(<0.02%) and offsets any contribution from 2*'Pu (<1%) such that it can be neglected. A
clarifying statement after the third sentence in CAR Section 6.3.3.2.4 will be added to
indicate that these statements will be demonstrated in a MFFF criticality calculation and
referenced in NCSEs.

(2) As stated in SRP Section 6.4.3.3.2.5, at a minimum, reflection conditions equivalent to a
1-inch tight fitting water jacket are assumed to account for personnel and other transient
incidental reflectors not evaluated in unreflected models. However, it is MFFF criticality
calculation practice that ranges of water reflection up to and including 12 inches (30 cm) be
employed. The calculations as referenced by the NCSEs shall provide a demonstration of the
full range of reflection. Any exceptions to this principle, such as in the moderation
controlled, normally dry areas, shall be fully justified in the NCSEs.

A clarifying statement at the end of the second bullet in CAR Section 6.3.3.2.5 will be added
to indicate that the quantity of water reflection will be demonstrated to be conservative in the
calculations/NCSEs.

Action:

The clarifying statements indicated above will be included in the next update of the CAR.
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80. Section 6.3.4, pp. 6-18 thru 6-33

Provide a commitment to the effect that two-parameter control is preferred over single-parameter
control and show how this principle is applied in Tables 6-1 and 6-2.

10 CFR 70.22(f) states, in part: "Each application for a license to possess and use special nuclear
material in a plutonium processing and fuel fabrication plant shall contain...a description and
safety assessment of the design bases of the principal structures, systems, and components of the
plant..." 10 CFR 70.62(a) states that each licensee or applicant shall establish and maintain a
safety program that demonstrates compliance with the performance requirements of 10 CFR

. «#0:6+. Nuelear criticality safety is an important area for the safety assessment of the design
bases of the principal structures, systems, and components and for the safety program that
demonstrates compliance with the 10 CFR 70.61performance requirements. SRP Section
6.4.3.3.5.B recommends that two-parameter control should be preferred over one-parameter
control. There does not appear to be a statement that reliance on controls on two independent
parameters is preferable to two controls on one parameter. This should be part of the preferred
design approach. Connected with this, several process units only appear to have a single
controlled parameter defined. Knowledge of the design criteria to be used is necessary to ensure
that the design bases will provide reasonable assurance of protection against a criticality
accident.

- Response:

The preference for two-parameter control over one-parameter control is consistent with the
safety principles stated in CAR Section 6.3.4.2. Two-parameter control inherently incorporates
diverse forms of control, which generally result in higher levels of control reliability than single-
parameter control. However, such a criticality control scheme incorporating the preferred MFFF
hierarchy of criticality controls is not feasible for a MFFF. Therefore, the MFFF design
preference is to rely on passive geometry control as the preferred criticality safety control,
followed by reliance on dual independent controls on control parameters.

The purpose of Tables 6-1 and 6-2 is to show the criticality control methods for the main
criticality control units in the MEFF. In all cases of parameters indicated as used for criticality
control in the MFFF ("YES" in the tables), the design of the MFFF is such that no single credible
failure will result in a criticality. As shown in Tables 6-1 and 6-2, criticality control in many
locations in the MFFF is by the preferred passive geometry control that is implemented by
design. In other cases, such as shown in Table 6-2 in the powder area, geometry control is not
practical due to the changing geometry that results from the process. That is, there exists a
variety of hoppers, scales, conveyors, mixers, and locations of material containers each with a
varying geometry. In those cases, both mass and moderation is each controlled such that no
single failure will result in a criticality. However, it is obviously important to control both of
these parameters.

Further clarification defining favored criticality safety design approach commitments will be
added to the end of CAR Section 6.3.4.2. The clarification will indicate that specific safety
principles incorporated during the development of the MFFF design in order to enhance the
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inherent reliability of criticality controls are summarized as follows: (a) the preferred use of
passive engineered features over active engineered features, (b) the preferred use of engineered
features over administrative controls, (c) the preferred use of enhanced administrative controls
over simple administrative controls, and (d) the preferred use of two-parameter control over
single parameter control.

Action:

The above clarification to Section 6.3.4.2 will be included in the next update of the CAR.
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81. Section 6.3.4, pp. 6-18 thru 6-30

For the Aqueous Polishing Process, for those Criticality Control Units (CCUs) where there is
only one control defined, state the design approach to establishing double contingency
protection, including whether there will be dual independent controls on the one parameter.

10 CFR 70.22(f) states, in part: "Each application for a license to possess and use special nuclear
material in a plutonium processing and fuel fabrication plant shall contain...a description and
safety assessment of the design bases of the principal structures, systems, and components of the
plant..." 10 CFR 70.62(a) states that each licensee or applicant shall establish and maintain a

~safety program that derronstrates compliance with the performance requirements o6f 10 CFR

70.61. Nuclear criticality safety is an important area for the safety assessment of the design
bases of the principal structures, systems, and components and for the safety program that
demonstrates compliance with the 10 CFR 70.61 performance requirements. SRP Section
6.4.3.3.5.A recommends that the applicant commit to the double contingency principle as stated
in ANSI/ANS 8.1-1983. Knowledge of the design philosophy is necessary to ensure that the
design bases will provide reasonable assurance of protection against a criticality accident.

Response:

As stated in response to Question 80, the MFFF design preference is for passive geometry

.+ . control, followed by dual independent controls on controlled parameters. The purpose of Tables:
% - ~=6:1-amd 6-2 was to show the criticality parameter control methods for the main criticality control ~--~

units in the MFFF. In all cases of parameters indicated as used for criticality control in the
MFFF ("YES" in the tables), the design of the MFFF is such that no single credible failure will
result in a criticality.

Action:

The revised Tables 6-1 and 6-2 will be included in the next update of the CAR. (See revised
tables as part of the response to Question 83.)
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82. Section 6.3.4, pp. 6-18 thru 6-33

Explain whether the physicochemical forms discussed are controlled programmatically in the
same manner as other criticality control modes. Describe why they have been separated out and
how they are treated differently than other parameter limits, if any.

10 CFR 70.22(f) states, in part: "Each application for a license to possess and use special nuclear
material in a plutonium processing and fuel fabrication plant shall contain...a description and
safety assessment of the design bases of the principal structures, systems, and components of the
plant..." 10 CFR 70.62(a) states that each licensee or applicant shall establish and maintain a
safety program-that demonstrates-eompliaree with-the performance requirements of 10 CFR
70.61. Nuclear criticality safety is an important area for the safety assessment of the design
bases of the principal structures, systems, and components and for the safety program that
demonstrates compliance with the 10 CFR 70.61performance requirements. SRP Section
6.4.3.3.2.D recommends that incorporating controls into facility management measures.
Knowledge of the design philosophy to be used is necessary to ensure that the design bases will
provide reasonable assurance of protection against a criticality accident. Whenever process
controls are relied on for criticality safety, they should be programmatically controlled.

Response:

Physicochemical forms are controlléd-in:thessame way as other criticality control parameters.
SRP Section 6.4.3.3.2 describes-12arfettG#s-oferitrealitycontrol. Therefore, CAR Section
6.3.4.3.2 has been consistent with those definitions. However, the physicochemical form of the
fissile material is equally important. Therefore, it has been included separately in CAR Section
6.3.4.3.1.

Additionally, the importance of controlling physicochemical characteristics has been shown by
listing it in Tables 6-1 and 6-2 (as revised in the response to Question 83) along with the other 12
methods of criticality control. It is also noted in the first sentence of CAR Section 6.3.4.3.2,
"Choice of Criticality Control Mode," that criticality safety in the MFFF is ensured by
application of one or more of the 12 control modes listed in the SRP, as well as by the control of
the physicochemical forms of the.fissile material.

Action:

None
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83.  Section 6.3.4, pp. 6-18 thru 6-30

Several CCUs do not have any parameters identified. Describe the criticality safety design basis
for all of these units in more detail.

10 CFR 70.22(f) states, in part: "Each application for a license to possess and use special nuclear
material in a plutonium processing and fuel fabrication plant shall contain...a description and
safety assessment of the design bases of the principal structures, systems, and components of the
plant..." 10 CFR 70.62(a) states that each licensee or applicant shall establish and maintain a
safety program that demonstrates compliance with the performance requirements of 10 CFR
70.61. Nuclear criticality safety is an important area for the safety-assessment of-the design
bases of the principal structures, systems, and components and for the safety program that
demonstrates compliance with the 10 CFR 70.61performance requirements. SRP Section
6.4.3.3.2.E recommends that the applicant describes controlled parameters for each process used
as NCS controls. Knowledge of the dominant controlled parameters upon which the facility
design will be based is necessary to ensure that the design bases will provide reasonable
assurance of protection against a criticality accident.

Response:

CAR Tables 6-1 and 6-2 have been revised to indicate that criticality control of these units is by
- concentration control, via upstream units. Material is only allowed to eater:these units after
concentration measurements/indications are made and verified by an 1ndepemdmtmeans to
satisfy the double contingency principle.

Only if the concentration is determined to be low, and verified by an independent means to
satisfy the double contingency principle, is material allowed to enter these units. The allowance
of material to enter the units will be demonstrated to meet the double contingency principle in
the NCSEs.

Action:

The attached Tables 6-1 and 6-2 will be included in the next update of the CAR.
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Table 6-1. Preliminary Definition of Reference Fissile Medium and Control Methods for Principal AP Process Units

Control Method
Comments
Criticality | £ .8 - ) a =) 2 g E_ ) z < g
Control Unit Eé 5 < T e P E g |2 | E g I T 5= 2 ‘_;_:
g3& g g Z & s |5€|EC |5 |52 E | g&| £
28 s g 2 ) 2 =& | 3 2 35 E| 4 g5
23 = 15 |& g S |5 |5 |5 |%E |2 |2 |%°
EC <] = ~ [&] E E -]
: Decanning Unit
PuO, dosing YES |NO{1] 1°NO. [-NO: | TBD YES Nq NO NO | Plutonium coming
hopper : : 2] Cd ey from the PuO,
coating ¢ container storage
o | bk - vault; see Table 6-2.
Dissolution Unit
Electrolyzer YES NO YES NO
coating
Reception tank YES YES NO
slab cd !
coating
PuO, filter YES CNO NO Double control to
Cylin guarantee absence of
-der PuQ; in downstream
i equipment.
Dilution and YES Cole- NO PC Colemanite concrete
sampling tank Slab manite i is a type of borated
concrete concrete.
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Table 6-1. Preliminary Definition of Reference Fissile Medium anl'd Control Methods for Principal AP Process Units (Continued)
Control Method
Comments
Criticality E 2 s @ a = 2 £ .§ g - < I~ %’ e
Control Unit | g & = 2 o E 8 g S | E .| 8 S5 e S | 23
S0 1z |E |E |E |% |EE|E€ % £2 g | B2g| 2%
S ez G] g £ ] 3 =S | 8 & 2 3 2 5 s oS
22 =218 & |8 T |2 |§ |% =2 SE | =7
£° o = ~ &} E < =
Dissolution Unit (Continued)
Buffer Tank YES NO | YES N . 2NO: [:/NO | TBD [2] YES NO | NO NO | Colemanite
Pu(NO;); + Annul- Cole- | 5 e concrete is a type of
H,O0 [3,6] ar manite borated concrete.
concrete
Purification Uni
Feeding Tank YES YES ] NO_.|1:NO: | TBD [2] YES NO | NO NO | Colemanite
Pu(NOy); + Annul- 5 3 Cole- el concrete is a type of
H,0 [3,6] manite | borated concrete.
concrete | i
Purification YES TBD [2] NO NO NO
pulsed Pu(NO;); + 1
columns: H,0 [3,6]
Extraction
Scrubbing
Pu
stripping : e :
Diluent YES :| TBD [2] YES NO
washing Pu(NO;); + Cd :
pulsed H,0 [3,6] coating
columns : L
Pu barrier YES TBD (2] YES +1.:NO
mixer settlers | Pu(NO); + Cd e
| H,0 [3,6] coating
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Table 6-1. Preliminary Definition of Reference Fissile Medium and Control Methods for Principal AP Process Units (Continued)
Control Method
Comments
Criticality. g g _ @ a2 g g E é = @ S ? - @
Control Unit | S £ =~ = ol b g So| H S & b g 2=
589 z |§ |£ |2 2 |5&|EC |2 £2 | E | BE 3%
gse g | g 2 g |22 8% |3 E5 E g 2%
%3 =18 & 5 |2 |E | % 22 |2 |2 |**
£0C < ; & S |E = |7 =
ification Unit (Continued)
U stripping + YES NO| YES NOj ‘NO.| YES | TBD [2] NO . NO C Nominal
diluent UO,MNOy), || slab e : : UO,(NOy),
washing mixer | +H,O[6] |. = concentration well
settlers below value used
for geometry
: Sp et L calculation.
Oxidation YES NO | YES 117 B . NO:.[ TBD[2] |+ NO: ‘L NO { NO
columns Pu(NO;); + |- | Cylin- %. i i o
H,0 [3,6] o der , ;
Pu Rework ¢NO.: | NO YES = ~NO- | TBD [2] YES NO | NO
Tank ? s Cd
arl coating = B 1
Rafinates : NO: | TBD[2] YES NO. || NO: | NO | Colemanite
Reception, and |/ Cole- || | concrete is a type
Recycling, manite of borated concrete.
Control Tanks concrete
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STONE & WEBSTER

Table 6-1. Preliminary Definition of Reference Fissile Medium and Control Methods for Principal AP Process Units (Continued)

Control Method

Comments
ticality | 32 s |~ = |a s |2 | = -
i S5 12 |2 |8 1§ % IE.[3 (% T (T 1T | sz
50 |3 % |% £ |fZ|fg|f |52 |t |2g| i
SE° - ] T 22|87 % |25 2 | E°| E£%
:3 =g |& T |5 |§ |5 |%E2 |2 |3 |*°
= - =
£0 ] & o = = =
Oxalic Precipitation and Oxidation Unit
Reception tank YES NO-| YES | i NO NO[1}:} NO..} NO - NO | TBD YES NO _j. NO | Colemanite
PuNOy); + | . Annu] |- Opu > e 121 Cole- concrete is a type of
H,0[3,6] | ~ | -ar / manite borated concrete.
e concrete
Preparation YES NO TBD | NO
tank Pu(NOs)s + | Q1
H,O [3,6] LhEE
Precipitators YES TBD | NO
PuO,F, + e
H,0 [4,6] ,
Flat filter YES TBD NO i NO
PuO,F; + [2] y
H,0 [4,6) L A
Calcination TUENO e TBD | i NO: | NO
furnace s 2] i
Homogenizing NO: YES NO
hoppers 51 Cd
ik coating
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Table 6-1. Preliminary Definition of Reference Fissile Medium and Control Methods for Principal AP Process Units (Continued)

Control Method
Comments
Criticality | £ £ € |g e gl | £ g ) s | & .
Control Unit 5 G g E E g E § | E~ E £x 5 ?n’“ % 3
ez % |§ |T | EE08° |¢ 0 (F: |@ 5% Ef
z:2 = 13 |8 g 5 |5 | E 5 22 |2 2 | ™7
| £0 < = [~ o] k « ==
Canning Unit
Canning NO. | YES NO | TBD [2] NO.-. ['NO [ NO. | NO
feeding head il e !
| Oxalic Mother Liquor Recovery Unit
| Oxalic mother YES NO TBD [2] YES NGO [ NO | Colemanite
liquors PuO,F, + Cole- i concrete is a type
recovery H,0 [4,6] manite of borated
% concrete congcrete.
overy Unit
Solvent YES il YES [TBD[2] . :NO NO
recovery mixer | UOx(NO;), (71 GmielaaE i
settlers + H,0 [6]
ry Unit
Acid recovery YES 4 YES |TBD|[2] O 'NO || NO
Pu(NOy); + 7] ~ >
H,0 [3,6] y
Recovery Unit
Silver YES “NO YES | TBD [2] NO. ] NO | NO
recovery Pu(NO;j); + aa 7 :
H,0 [3,6]
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|
Table 6-1. Preliminary Definition of Reference Fissile Medium aind Control Methods for Principal AP Process Units (Continued)

e |
Control Method ;
) . i Comments
e as = ~ - —_ —_ =3 2 —_ 2 \
Crmcahty_ E £ s Y a = & g £ = =2 S 3 - @

Control Unit | & § ~ & ~ @ = S| = g - ~ = 22

£ 80 e & z 2 2 fZ| o |2 £3 g o | 8=

ST& 2 g 3 = 2 | 88|82 | % R E | g8 | &£

S g™ Lt g =4 2 ) 22! 8 & ° 3 2 = -]

] = S 3 13 = S g i Z 2 S E=4 A F

> = -3 a 2 7] = 5 ] a > S

£C o & o k| B =

Offgas Treatment Unit
Offgas | 'NO " {INO | NO YES | TBD [2] NO: NO . {"NO: | NO
Treatment e Ll 7]
Liquid Waste Reception Unit
Liquid Waste NO YES [TBD{2][. NO [ NO [ NO [ NO
Reception Sl [71 Py :
Sampling Unit
Sampling Unit ‘ ' ~NO } NOi NO t YES ‘ TBD (2] { NO l NO l NO ' NO ‘
e e 7 i

NOTES:

[1] Parameter value ranges indicated are selected for use in criticality design calculations to encompass credible optimum conditions without reliance on process
variable controls.

[2] To be determined (TBD). Analysis of interaction between components to be evaluated to confirm spacing requirements, or determine if additional criticality
control design features or management measures are required to address interaction.

[3] Actual chemical form of Pu Nitrate is Pu(NOs), for most process steps, which is less reactive than Pu(NO;)s.

[4] Actual chemical form is a mixture of Pu Oxalate and Pu Nitrate. Either chemical form is less reactive than PuO,F,.

{5] Interaction limited by geometry (hopper spacing) and cadmium coating of hoppers.

[6] The absence of a more restrictive material is controlled in an upstream unit, which prevents any means of adverse chemical form change.

[7] Concentration controlled by upstream units.
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Table 6-2. Preliminary Definition of Reference Fissile Medium and Control Methods for MP Process Units

Control Method
Comments
Criticality | £ £ s € |a s g2 |z £ | 2 ols lE L.
Control Unit | S€ ~| & 2 > 8 g = S| § S5 T | B~| g2
28| 2 g | & 2 £ 58 EC|€ |52 |E |¥E| &%
281 & £ | E g g e S8 |25 |2 |57 £¢8
28 | = s |8 g E E |5 |2 2|3 |*°
) - -1
£0 Q & o] E = =
Receiving Area
Pu0, 3013 YES [ NO[1] .NO . NO NO [ NO [ NO T NO [ -Incoming plutonium
storage pit S : i container LD. is verified
to confirm mass,
ntairners) isotopics, and powder
[ : moisture assumptions
; listed.
Pu0, YES NO
Container
Opening and
Handling
Unit
PuO, buffer 1 YES NO
storage Borated |
| concrete | o | o 3
Primary ‘NO. [ NO | TBD | M), | -MassofPuQ,per jaris
dosing L MN controlled.
(including [4] -The relative quantity of
master blend PuO; and UO, is
homogeniz- controlled; used in
ing) downstream units.

-Homogeneity of master
blend will be controlled
if required by
downstream units.
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Table 6-2. Preliminary Definition of Reference Fissile Medium and Control Methods for MP Process Units (Continued)

Control Method
Comments
Criticality g £ s e 5 = 3 £ i g 2ls £ e
CowrolUnit | 250\ € B 22 5ligfg|8 |Ex % |eg)| 2
2ES |2 |E |% & £ |25|852|% |3% f |8t
28 |5 5 | B 2 z |87 8 5 z2 |3 |2 & 5
25 S |~ k] g = g ] 2|12 |2
£0 ¢ & © = = =
Powder Area
Primary blend YES | NO YES NOJYES[.NO | TBD | NO {NO | NO M | -U metal balls are
E:au milling ‘ | M0y > 4%[1]; [3 e present in the ball-
Scrap milling 1 Mp /My +Mpy) | o e . mill and are
<22% (5] 3 i - accounted for as
reflector in the
L a i criticality calculations
Final dosing YES YES ‘NO | YES | NO | TBD NG M,I | The relative quantity
M0pu>a%[1]; | i (3] | of master blend and
Mp/(My +Mp,) |10 i UO; is controlled;
<22%[5] . used in downstream
Mp/(My +Mpy) units.
<6.3% in jar
(I
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Table 6-2. Preliminary Definition of Reference Fissile Medium and Control Methods for MP Process Units (Continued)

Control Method
Comments
Criticality | £ & € la s g2z | | zls |& .

Control Unit E e A g o 3 g S| 8 |8 g 5 |5 s | g2

sz |5 | & £ £ |5€|EC|5 |52 |E |2E| 2%

S E- o8 E = 2 g 2&| 87 & s 5 | 2 5| & &

2 = = 3 3 ) = = = 5 Z 2 G & Pas

25 2 2] 2 5 = < < 2 > =l

e &} = &} = = oo

Powder Area (Continued) K

Homogenizing | 1NO NO | YES | NO [ TBD | . NO | NO [ M -Final blend
and pelletizing i L 3] . : heterogeneity

process variable
control used in
downstream units.
N i -Physicochemical
TTBD | NO NO | YES | M,MN | characteristics
3] . [41, control applied to
iy i H control pellet
i { dimensions to
" extent used in
downstream units.

NO | YES
) [

NO | YES | NO | TBD TN ™
i - Bl S8
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Table 6-2. Preliminary Definition of Reference Fissile Medium and Control Methods for MP Process Units (Continued)

Control Method
Comments
Criticality % g @ B) = % H .g % o g S ‘%' o2
Control Unit o) = g‘ z 2 2 § E £0| 2 §- E g S b4 jﬁ
3 2 2 2 5 5 2 5§23 =L | § e2 | §%E
S E 8 g 2 ] 2 -2 5 & 28| 2 = &S
c: | = & E 5 |2 E |5 %22 |3 ;
=0 ¢ % |~ o] E = =
Powder Area (Continued)
Jar storage TTNO | YES[13] | YES | NO[1]] YES [NO | YES[i4] | NO [[NO } NO | NO:| YES NO
and handling | Arrays of | J60 master PuO,< | 2puz | [2] | %H20<=| [ - 571 |+
tunnel J60and | blend <65 350 4%[1); || 5% inthe
180 Jars: kg; V03 = 160 : jars
. | 760 PuO, < 3.5 %Pu<
15kg, ‘Mastet | 22%
J8O0 total < blend 51
90 kg, <35.5; J80
J80 Master “Scraps | Master
blend < 30 <11 blend
kg i A %Pu<
Ly 22%
[51;
180
Scraps
%Pu <
6.3%
[5]
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Table 6-2. Preliminary Definition of Reference Fissile Medium and Control Methods for MP Process Units (Continued)

I
Control Method
Comments
- K & | . = £ z ~- z
Cntlcallty. é é ¢ <2 8 = = 5 *E = =2 E g o
Control Unit % 3:: ) = ? = g E § 2 ‘E c 5 g g g %E § =
SES | & E |z B g |82 S8 |25 2 |5 | £5
2z | = s |2 2 5 |= E |5 |%E|2 3 s
a0 ] a & ] = < =
Powder Area (Continued)
Scrap : NO YES NO NO: | YES [NO [ YES[14} [ NO [ NO . NO:| NO: YES NO
Processing "' Serap 2] o e B :
Unit pellets . i Shm sl :
e : .
| powder -
Powder YES NO | YES{14] NO.| YES NO
Auxiliary 21 : [5,7]
Unit : .
‘Powder,
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Table 6-2. Preliminary Definition of Reference Fissile Mediufﬁ\ and Control Methods for MP Process Units (Continued)
Control Methéd |
Comments
|4 — ’
Criticality | £ 8 e a e g |g §_ & 2le | & .
Control Unit | § & g o 8 S | S5 | £ g £% b g 2=
3¢€ % |3 | ¥ E |2 |EE|EC|E |52 |E |®pE| &%
SEE | g ] H 5 3 |2 SRS 2% | § & &t
2§ = s o 2 e | &7 |8 E 1z |35 |& .| ~8
=r @ a 2 o = ] ] 2 | > L
£0 <] & < B =
Pellet Process Area
Pellet storage YES NO | YES : NO: | “NO NO [ NO: T YES [ NO ] YES [ NO .| -Isolation shields
4 4 i :
Arrayof | ¢ > 2] i el 2] il [8] ! provided for interaction
pellets i i 1 o control between boats.
[9]
Sintering YES | NO | YEST NO Xo[ NO YES | NO
furnace Array of |"[10] <1t 21| 11014 ¢ [8]
pellets |01 Lo
[91 ;
Grinding VES | YES | NO | NO | YES YES | M
Array of SR : (8]
pellets
[91
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Table 6-2. Preliminary Definition of Reference Fissile Medium and Control Methods for MP Process Units (Continued)

Control Method
Comments
Critica]ity. g g s @ a = g B é g ; g E %‘ -
Control Unit | §£ . | & [ g E |82 |5~ 5 |£5 |2 |8l &3
g2 |z & |3 £ £ |ES |EC|E |22 |E | P€| E%
SEY | & g g S g |=2S | 8 & g5 | B S g5
28 | = g2 | & ] 5 | E |5 |2z |3 (8 | ~¢
£6 & . E S [£ |+ 2
Pellet Process Area (Continued)
Pellet YES NO | YES YES NO [ NO([/NO | NO |: NO | NO | YES NO | -Physicochemical
inspection and | Array of | {10] ' 240py > {101 R L i i | characteristics control
sorting, pellets | @ 4%][1]; ol . ©0 | applied to verify pellet
Quality [9] %Pu < 6.3% ] dimensions.
Control and (51
Manual
Sorting i
Pellet tray- YES 7 NO YES YES YES | : NO: .| -Interaction between
baskets storage | Array of |+ - #0py > [8] i storage units controlled
pellets 4%[1]; |~ | byisolation shields.
9 %Pu < 6.3%
(51 ;
Scrap pellet YES YES YES | NO | -Interaction between
storage Final 20py > 18] storage units controlled
blend 4%[1]; : by isolation shields.
pellet %Pu < 6.3%
scraps [5]
o] |l o
Scrap box YES YES YES YES |- NO
loading, Pellet | Array of H0py > i8] '
Repackaging, pellets 4%[1}; i
Pellet [9] %Pu < 6.3%
Handling [5]
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Table 6-2. Preliminary Definition of Reference Fissile Medium' and Control Methods for MP Process Units (Continued)

s

Control Method

i Comments
T
s e qy o —_ o . g Z - =
cotiae |53 |2 |2 |8 |% g2lg |2 |8 |.2l=|%F |,
250 < £ = g S |.®2| £~ 8 - S &3
SE¢ 2 H E ‘a 2 |5 E E0| & £E2|E | ¥ | 28
SE= ] & 2 2 g s& | 8Y| & 25| 2 "B 5
25 = g | & g g [£ |5 |5 72|35 | 2 = F
28 § 1% |2 B R
Fuel Rod Process Area
Rod cladding YES NO: [ YES NO - YES NO | 'NO | NO TBD O | NO- | YES NO
and decontami- | Array of | :[10] : Hopy> L2 pfol o 31 Lo b I8
nation pellets/rods | "1 4%[1}; et b
[t1] %Pu < 6.3%
Rod controls YES NO YES TBD YES NO
(decontami- Array of | [10] #0py > [3] 18] ;
nation, helium rods L 1 4%y
leak testing, x- [11] . | %Pu<6.3%
ray inspection, i : e [51
rod scanning, G :
rod inspection,
and sorting
units,
decladding, dry
cleaning)
Rod Tray
Loading - i
Rod storage YES YES YES ‘| YES | NO | YES NO. | -Interaction
Array of 2#0py > : o [8] : between storage
rods 4%[1}; : units controlled by
{11 %Pu < 6.3% isolation shields.
[5]
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Table 6-2. Preliminary Definition of Reference Fissile Medium and Control Methods for MP Process Units (Contirued)

Control Method
Comments
Criticality | 2 ¢ |a a g | g g |& Zls Z .
Control Unit § I g g g «é 2 E~| 5 STl | 5| 23
g g 3 & t |88 2|3 E21 5 | 2| 88
2 E ] ] 7] 2< ] Q 25| .2 5} I~
Z $ |4 H 5 | S S |5 |72\ |3 >
£ &) = & &) k=l « ==
Assembly Area
Assembly YES NO | YES YES NO YES ‘NO: [ TBD }/NO |-NO:| YES | NO
mock-up Arrayof | = Hopy > | [2] (3] i 18]
loading rods 4%([1); | 5
[11] %Pu <
6.3%
L (51
Assembly YES “NO. | YES YES NO TBD -NO | TBD YES PC -Completeness of
mounting Array of | [10] #opy> | 2] : [3] 18] assembly controlled for
rods i 4%[1]; ‘ i use in downstream
[11] %Pu < process unit
6.3%
[5]
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Ve
N

Table 6-2. Preliminary Definition of Reference Fissile Medi‘iufij and Control Methods for MP Process Units (Continued)

T
1 i
Control Method i
b
L Comments
AN BN o —_ = g z - 2
e 230 (S 1E |z £ £ |52 208 (28|t |2g| i
Unit | 25& 218 % 2 g |88 |52 |8 52 |5 |28 2%
£ S |5 |5 |3 2 8% ¢ | |22|5 |2 |=°%
BB 3|8 | EF & |E 785 |2
§ Assembly Area (Continued)
Assembly YES 'NO | YES YES NO | YES NO | YES NO ] NO | YES | NO:| -Each inspection station
handling Assembly | Mopy > (2] £ L ~| handles only one fuel
and [12] ] 4%[1]; . : L assembly at a time, and
inspection o 1 %Pu< there is no interaction
Assembly L Lkl 6.3% between stations.
dry : (51 -All rod positions in an
cleaning assembly being repaired
s may not be occupied;
X requires moderation
L i il 8 control.
Assembly YES NO | YES YES NO.| TBD 'NO {INO [INO. | YES | NO, | -Moderation control may
storage Arrayof | o 2py > 2] R [8] | be required to preclude
assemblies 4%[1]; | i flooding of storage area
[12] %Pu < B f S with full density water
6.3% o - GLiE e s ] (0.9 g/em®) assuming full
I5] L P - loading of maximum Pu
s et E £ .| content rods.
Assembly YES -NO | YES YES NO: | TBD | YES | NO | -Moderation control may
packaging Array of | Hpy> | [2] 81 |- be required to preclude
assemblies | 4%[1]; flooding of packaging area
[12] i %Pu< | with full density water
i 6.3% (>0.9 g/cm’) assuming full
i [5] loading of maximum Pu
{ content rods.
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Table 6-2. Preliminary Definition of Reference Fissile Medium and Control Methods for MP Process Units (Continued)

NOTES:

[1] Parameter value ranges indicated are selected for use in criticality design calculations to encompass credible optimum conditions without reliance on process
variable controls.

[2] Reflection and interaction addressed by geometry control.

[3] To be determined (TBD). Analysis of interaction between components to be evaluated to confirm spacing requirements, or determine if additional criticality
control design f¢ or mar o are required to address interaction.

{4] Moderation control related to introduction of moderator (organic additives) into equipment for process reasons (see Section 6.3.2.6) (process variable
control).

[5] Relative quantity of U and Pu (Mp,/(My +Mp,)) process variable control implemented by upstream process units.

[6] To be determined (TBD). Homogeneity of master blend controlled by primary dosing/master blend homogenizing if required.

[7] Scrap isotopic composition (%Pu) and homogeneity controlled by upstream units (i.e., scraps are recycled MP process product).

[8] Isotopics (including U-Pu homogeneity) and diameter of pellets controlled by Homogenization and Pelletizing Unit.

[9] Diameter of pellets controlled by upstream process units.

[10] Mass and moderation control may be used in some off-normal situations (e.g., seismic).

[11] Pellet diameter controlled by upstream process units; clad characteristics guaranteed by supplier.

[12] Assembly characteristics, including dimensions of pellets, controlled by upstream process units or guaranteed by supplier, as applicable.

[13] Mass process variable control implemented by upstream process units.

[14] Moderation (additive addition) process variable control implemented by upstream process units.
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