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l.o

1.1

1.2

1.3

REASON FOR MODIFICATION

Recently, tritium concentrations in excess of drinking water standards were found in a
sample taken from a groundwater monitoring well located in close proximity to the
HFBR confinemers building. In response to these initial findings, the groundwater
monitoring was expanded by the addition of numerous permanent and temporary (called
"geoprobes”) monitoring well points. These additional groundwater monitoring efforts
detected a plume of tritium contamination extending significant distances southward from
the HFBR confinement buiiding. '

While the exact source of the tritium contamination has yet to be determined, subsequent
measurements of groundwater tritium concentration, review of some well water
monitoring historical data, and corroborating canal leakage models, indicates that leakage
from the HFBR spent fuel storage canal (canal) is the most probable source of the
groundwater contamination. Therefore, in order to eliminate the canal as the source of
actual, potential, or future tritium contamination in the groundwater, an impervious liner,
with leak detection and collection capability, is to be added to the canal.

As secondary benefits to the installation of the canal liner, it is anticipated that the liner
will also facilitate improvements in canal cleanup activities and eliminate potential future
problems from continued concrete sloughing and pool debris.
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2.0

2.1

2.2

2.3

SCOPE OF MODIFICATION

This Conceptual Design specifically addresses the design fabrication, and installation of
an impervious liner, with leak detection and collection capability, in the HFBR Spent
Fuel Storage Canal.

To assist in the development of a conceptual design for the canal liner and leakage
detection system, the services of Raytheon Engineers & Constructors, Inc. (Raytheon)
have been retained as a consultant to the Reactor Division. Raytheon's conceptual design
activities, documented in a report entitled "An Impervious Liner for the HFBR Spent
Nuclear Fuel Storage Canal," are included with this conceptual design package as an
attachment and shall be considered an integral part of the conceptual design. (This
document shall therefore be referred to as the Raytheon Report.)

Canal Internal Structures and Appurtenances

2.3.1 Itis recognized that seve: «* of the canal internal structures and appurtenances will
require alteration or replacement as a result of the addition of an impervious liner
to the canal. This is due to the reduction of the clear space between canal walls.
Those canal internal structures and appurtenances initially identified as being
potentially affected are as follows:

a. Shipping Cask/Canal Strike Platc Assembly.
(Refer to drawing HFBR-M-135.)

b. Long Term Spent Fuel Storage Racks.
(Refer to drawing BR62-0101-0.)

g 49 Element Basket Long Term Spent Fuel Storage Rack.
(Refer to drawing HFBR-M-749 )

d Deep Pit Spent Fuel Storage Rack.
(Refer to drawing HFBR-M-196.)

e Deep Pit Seismic Restraint and Spent Control Rod Blade Storage Rack.
(Refer to drawing HFBR-M-196.)

f. Spent Fuel Element Retard Chute.
(Refer to drawing ME-107-345.)
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g Removable Deep Pit Grating.
(Refer to drawing E4653-174.)

(1) It is recognized that should the De=1 Pit Grating require alteration,
the HFBR Operations Group would like the reconfigured grating
to have the capability of being removed in two separate pieces
rather than the single, large assembly which currently exists. The
feasibility of this change to the grating configuration can be
addressed who 1 the certainty for the alteration or replacement of
the grating is better understood. (See also paragraph 2.3.2 below.)

h. Removable Platform at Elevation 93 ft-0 in.
(Refer to drawing E4653-174.)

i Canal Saw bridge.
(Refer to drawing BR65-1,200-39.)

J. Caunal Rolling Bridge.
(Refer to drawing E4653-174.)

The need for, and extent of, alteration or replacement of those canal internal
structures and appurtenances identified in paragraph 2.3.1, above, will not be
known with any degree of certainty until the preliminary design phase.
Therefore, it is intended that either the alteration or replacement of the affected
items be incorporated into the modification package (final design) for the canal
liner or separate, associated projects (Reactor Division Modification or
Maintenance/Replacement Approvals) be initiated once the extent of the reduction
in interior canal space is better understood.

With respect to the existing spent fuel storage racks, it is the intent of this
modification to restrict the loss of clear distance vetween the canal walls to no
more than the approximately one foot "frec board" space which currently exists
on the outboard edge of the long dimension of the existing spent fuel storage
racks. This will prevent the loss of spent © ' storage capability (by reduction of
the number of elements which can be storcd in each rack), permit reuse of the
existing boron stainless steel spent fuel storage baskets, and preciude alteration
of the present spent fuel storage configuration(s) which would affect the existing
nuclear criticality evaluations.

RMA97-01.CD 3of 19 Rev. 0



3.0

31

32

33

DESIGN CRITERIA

Design of the canal liner and leak detection system is governed by the applicable portions
of DOE Order 5480.30, "Nuclear Reactor Safety Design Criteria,” dated January 19,
1993 and the "Agreement Between Brookhaven National Laboratory and County of
Suffolk," dated September 23, 1997. This "1987 Agreement” invokes the environmental
requirements of the Suffolk County Sanitary code, Article 12, "Toxic and Materials
Storage and Handling Controls," as amended December 16, 1992

Design requirements, performance criteria, proposed layout and arrangement, and
evaluations specific to the canal liner and leakage detection system are covered in the
Raytheon Report (see paragraph 2.2, above) which is provided as an attachment to this
Conceptual Design and, therefore, not repeated here.

Other Considerations

3.3.1 DOE Order 5480.30 provides requirements for spent fuel handling and storage
facilities which may not be specifically addressed in the Raytheon Report (see
paragraph 2.2 above). Specifically, these requirements can be grouped into four
categories: Fuel and Radioactive Waste Storage, Prevention of Criticality in Fuel
Storage and Handling, Monitoring of Fuel and Radioactive Waste Storage, and
Fuel Storage and Handling Systems Heat Removal Capability.

3.3.2 Fuel and Radioactive Waste Storage

a. Fuel storage and handling systems shall be designed to ensure adequate
safety under normal operations, anticipated operational events (AOEs),
and design basis accidents (DBAs). The design of the canal liner and leak
detection system for these conditions is addressed in the Raytheon Report.
For those canal internal structures and appurtenances affected by the
addition of a liner, assessments for these conditions are descri™#d in the
HFBR SAR and its references. These assessments will be revisited, as
necessary, in the canal liner modification package (final design) or the
individual RD projects which implement any required alterations or
replacements.
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Capability of the canal liner and leak detection system to permit periodic
inspection and testing of components is addressed in the Raytheon Report.
It is anticipated that the presence of the canal liner will not affect the
feature of being able to remove canal internal structures and appurtenances
from the canal to facilitate any required inspection, testing, or
maintenance .

Suitable shielding for radiation protection is maintained by the quantity of
water kept above the stored spent fuel elements. The capability to
maintain the canal water at the present normal operating level is not
impacted by the presence of a canal liner. However, this will be further
addressed in the final design. '

Appropriate confinement and filtering systems are already present in the
HFBR. The addition of the canal liner does not affect these capabilities.

3.3.3 Prevention of Criticality in Fuel Storage and Handling

Criticality prevention, within the HFBR spent fuel storage canal during
fuel storage and handling, is achieved by the use of favorable
geometry(ies) and passive engineering safety features. All speni el is
stored in either the uncut fuel storage rack (stainless steel) or in boron
stainless steel spent fuel storage baskets which are kept in aluminum
and/or stainless steel storage racks. These rack/basket configurations have
been reviewed for criticality prevention and found to be acceptable.

As previously discussed in paragraph 2.3.4, above, the addition of the
canal liner and leak detection system will not alter the geometry(ies) or
passive safety features currently in use for the prevention of criticality
during spent fuel storage and handling. Therefore, existing criticality
prevention measures will not be adversely affected. Verification that the
existing criticality prevention measures have not been compromised will
be obtained and included in the modification package (final design) prior
to irstallation of the liner.
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3.3.4 Monitoring of Fuel and Radioactive Waste Storage

As part of the modification package (finai design), evaluation and
assessments will be made to assure that appropriate measures have been
provided in the fuel and radioactive waste storage areas of the lined canal
to detect conditions that may result in the loss of residual heat removal
capability and excessive radiation levels, and to initiate appropriate safety
actions.

3.3.5 Fuel Storage and Handling Systems He~t Removal Capability

RMA97-01.CD

The existing Canal Circulating Water System (CCWS) currently contains
sufficient measures to protect coolant inventory and remove residual heat
from the canal under the necessary plant conditions. Interface between the
canal liner and the piping associated with this system is described in the
Raytheon Re .ort. It is anticipated that the addition of the canal liner and
leak detection sysiem will have no adverse effect on the capability of the
CCWS to perform its coolant inventory protection and residual heat
removal functions. This will also be further addressed as part of the final
design.
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4.0 ;

4.1 Those applicable codes and standards to be invoked during the design, fabrication, and
installation of the canal liner and leak detection system are discussed in the Raytheon
Report.

4.2  Applicable codes and standards governing the alteration or replacement of those canal
internal structures and appurtenances will be addressed in the canal modification package
(final design) or the separate associated projects (see paragraph 2.3.3, above)
implementing any necessary changes to these components.
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5.0

5.1  The preliminary review of the ALARA criteriz has been performed and the completed
"Engineering ALARA Design Guide," as required by RD APM 4.13 has been provided
as an attachment to the conceptual design.

5.2  Since the purpose of this modification is pot to achieve a reduction of radiation exposures

to facility personnel, an ALARA cost benefit analysis, in accordance with the BNL
Radiological Control Manual, is not required.
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6.0  INSTALLATION CRITERIA

6.1 Installation processes, constraints, and restrictions for the canal liner and leak detection
system are discussed in the Raytheon Report. It is anticipated that the HFBR will have
confinement integrity broken and, because of the large amount of in-place welding
required, the exit air filter system will be placed in the "Bypass” mode for the duration
of liner installation activities.

6.2  Because it is currently intended that canal liner installation be performed with all spent
fuel removed from the canal, any technical safety requirements associated with canal
water level, spent fuel placement, and other spent fuel handling considerations will not
be in effect during the installation process.
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7.0  SAFETY CLASS, QUALITY LEVEL, AND UNREVIYX,/ED SAFETY QUESTION
7.1  Safety Class and Quality Level

7.1.1 The canal liner, and those portions of the leak detection and collection system
which are integral to the canal liner (for example, attached to the liner by
welding), are considered to be Quality Level QL-3 and Safety Class SC-3/1C-3
in accordan:e with the RD Quality Assurance Manual Section QAM-2.2,
"Classificati_n of HFBR Safety Items."

7.1.2 Those portions of the leak detection and collection system that are not integral to
the canal liner, which are intended to serve as an alarm indication only, can be
treated as non-nuclear safety related just as the existing canal water level
instrumentation. The Quality Level and Safety Class of these portions of the leak
detection and collection system can be classified as QL-4 and NNS, respectively.

7.1.3 As required by QAM-3.1, "Seismic Criteria,” the canal liner will be designed as
a seismically qualified system due to its becoming an integral part of the spent
fuel storage canal structure. All portions of the leakage detection system that are
. integral to the canal liner (see 7.1.1, above) will also be designed as seismically
qualified. Those portions of the leak detection/collection system which are not
nuclear safety-related (QL-4/NNS) will be designed so that their failure, as the
result of a seismic event, will not prevent adjacent seismically qualified systems
from performing their safety function.

7.1.4 Quality Level and Safety Class for those canal internal structures and
appurtenances will also be determined in accordance with QAM-2.2. Review of
QAM-2.2 and its associated appendices (QAM-2.2.1 through QAM-2.2.3)
indicates that none of these components identified in paragraph 2.3.1 above is
classified with a Quality Level and Safety Class higher than QL-3/SC-3.

7.1.5 For the reasons described above, the overall Quality Level and Safety Class for
this modification will be QL-3 and SC-3/IC-3. Those portions ot the project that
differ from this quality level and safety class will be specifically identified, with
justification, in the modification package.
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. 7.2  Unreviewed Safety Question

7.2.1 An Unreviewed Safety Question Determination (USQD) has been prepared,
reviewed, and approved for this Conceptual Design in accordance with Reactor
Division APM-2.1. The USQD, which concluded that the Conceptual Design
does not involve an unreviewed safety question, is on file with the RD Safety
Evaluation Group.
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8.0

8.1  Those documents potentially affected by the proposed medification are identified in the
following paragraphs. More specific information, including markups of the proposed
document changes, regarding the actual changes to the listed documents will be provided
in the modification package (final design).

8.2  Facility Design Drawings
8.2.1 DA4653-101, "Architectura: Plan - Equipment Level "

8.2.2 E4653-121, "Core Structure Foundation - Plan."

8.2.3 EA4653-121A, "Core Structure Foundation - Bottom Reinforcement.”

8.2.4 EA4653-121B, "Core Structure Foundation - Top Reinforcing, Sections and
Details. "

8.2.5 EA653-121C, "Core Structure Foundation - Sections and Details. "
8.2.6 E4653-132, "Equipment Level - Cave Door Framing Details."
8.2.7 EA4653-174, "Canal Bridge, Platform, and Gamma Facility Cover."

8.2.8 E4653-301, "Plan, Piping - Equipment Level Filters and Water Purification
Area."

8.2.9 E4653-303, "Plan, Piping - Equipment Level Shutdown and Thermal Shield
Area."

8.2.10 E4653-55B, "Electrical Power - Equipment Level, in Floor Slab."
8.2.11 E4653-56B, "Electrical Power - Details, Sheet 2 of 5."

8.2.12 FFBR-M-300, "Spent Fuel Canal Storage Plan.”
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8.2.13 HR32-090-02, "Thermal/Biological Shields/Canal Cooling Water Svstems . iping
‘ and Instrumentation Diagram."

8.2.14 HR32-132-01, "Canal Level, Channel LA307."
8.2.15 ME-107-372, "Canal Layout."

8.2.16 Additionally, those drawings describing the canal internal structures and
appurtenances (see paragraph 2.3.2, above) are also potentially affected by the
proposed modification. Any necessary changes to these drawings will be
identified as part of the canal liner modification package (final design) or those
separate associated projects initiated io implement the required changes.

8.3  Safety Analysis Report

8.3.1 Supplementary information for Section 7.7, entitled "Fuel Handling," of the
HFBR Safety Analysis Report (SAR) will have to be updated as a result of the
proposed modification to reflect the addition of the canal liner and leak detection
system.

™ - SAR section designations are as they appear in the "Guide to the HFBR
Safety Analysis Report,” Revision 17 dated February 1997.

8.3.2 It may be necessary to also update the above mentioned, and possibly other, SAR
section(s) as a result of the need to alter or replace some of the canal internal
structures and appurtenances. Should this be necessary, the affected SAR
section(s) will be identified in the canal liner modification package (final design)
or any separate associated projects (modifications or maintenance/replacements)
initiated to implement the changes to these items.

8.3.3 Any required updates to the SAR will be made in accordance with the procedure

contained in QAM-6.3, "Technical Safety Requirement/Safety Analysis Report
Revisions.”
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8.4

8.5

8.6

8.7

Technical Safety Requirements

8.4.1 Review of the HFBR Technical Safety Requirements (TSRs) concluded that no
changes are required as a result of this proposed modification. However, a final
determination will be made as part of the modification package (final design) for
the canal liner. Should any TSR changes be required, they will also be made in
accordance with QAM-6.3.

HFBR Operations Procedure Manual

8.5.1 OPM-2.3, "Fuel Handling and Storage Safety Rules and Limits."

8.5.2 OPM-3.11, "Corrective and Emergency Procedures During Fuel Discharging
Operations. "

8.53 OPM-10.1, "Canal Health Physics and General Safety Restrictions. "

8.5.4 OPM-10.2, "Spent Fuel Handling Instructions. "

8.5.5 OPM-10.3, "Canal Abnormal Conditions Procedures."

8.5.6 OPM-10.4, "Canal Water System Operating Procedures. "

HFBR Plant Description Manual

8.6.1 PDM-6.28, "Leak Detection Systems."

8.6.2 PDM-9.3, "Fuel Discharging, Rotation, and Discharging Procedures. "

8.6.3 PDM-10.1, "Principles or canal Area Operating Procedures. "

RD Quality Assurance Manual

8.7.1 Section 2.2 of the Reactor Division quality Assurance Manual (QAM-2.2,
"Classification of HFBR Safety Items") and its associated Addenda QAM-2.2.1,
"HFBR Mechanical Items, " and QAM-2.2 2, "HFBR Instrumentation and Control

Systems," will require updating as a result of the addition of the canal liner and
leak detection system.
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8.8  Master Equipment List

8.8.1 As part of the proposed modification, the Reactor Division Master Equipment
List (MEL) will be updated to reflect all changes to HFBR systems and
components. Master Equipment List changes will be implemented in accordance
with Maintenance Macagement Program Procedure (MMP) 2.5, "The Master
Equipment List."
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9.0

9.1

9.2

Conceptual design activities are being performed by Raytheon Engineers and
Constructors, Inc. as consultanis to the BNL Reactor Division under Task Order 3 to
Contract 822081. It is anticipated that the further design and engineering of the canal
liner and leak detection system will also be performed by a consultant. For ease of
project coordination, and maintenance of the project schedule, some of the redesign of
canal internal structures and appurtenances (see paragraph 2.3.1, above) may be
incorporated into the consultant’s scope for the detailed design and engineering phase.

The installation of the canal liner is part of the HFBR Restart and Upgrades Project and
has been assigned Work Breakdown Structure (WBS) Activity No. 2.1.1. As a result,
the responsibilities of the various BNL organizations interfacing with the canal liner
modification are identified in the following paragraphs.

9.2.1 Reactor Division

a. RD_Engineering Group - Overall canal liner project support and

coordination.  Also, design responsibility for those canal internal
structures and appurtenances not incorporated into the consultant’s scope
of work.

b. HEBR Health Physics - Responsible for Health Physics support for the
canal liner project including any ancillary shipping, draining, and cleanup
activities. Any required staff, equipment, or capabilities augmentation
necessary to support these activities shall be the responsibility of HFBR
Health Physics and the Safety & Environmental Protection Division
(S&EP).

9.2.2 HFBR Tritium Remediation Project

a. There are several interfaces between the HFBR Tritium Remediation
Project (TRP) and the canal liner modification that are important to
defining the schedule and costs for the liner task. These interfaces are
described in the following paragraphs.
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This activity is responsible for the removal of all spent fuel elements,
spent control rod blades, and other reactor irradiated nuclear materials

(RINM) from the canal.

Fuel Pool Water Management (WBS 1.2.2)
This activity is responsible for the removal of all existing canal internal

structures and appurtenances and storing them for re-use or disposing of
those no longer needed; cleaning, vacuuming, and decontamination of the
canal, draining of the water from the canal and either storing it for re-use
or disposing of it; and refilling the canal, with either the stored canal
water or replacement water, after liner completion.

9.2.3 Central Shops Division

The CSD may be utilized to prefabricate liner sections. However, this
will be further evaluated during the progression of the project beyond the
conceptual stage.

CSD will also be utilized for the alteration of, or fabricating replacements
for, canal internal structures and appurtenances. It is also anticipated that
those items which only require very minor alteration may be worked by
the RD Maintenance Group and/or Operations Group Day Crew.

9.3 It is anticipated that the bulk of fabrication (if BNI. CSD is not used) and installation
activities will be performed by an outside contractor yet to be determined. These
determinations will be made during the early stages of preliminary design immediately
following approval of the conceptual design.

‘ RMA97-01.CD
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10.0  COST AND SCHEDULE

10.1  Cost

10.1.1 Costs specific to the canal liner and leak detection system design, fabrication, and
installation have been estimated and are included in the Raytheon Report.

10.1.2 However, there are some costs which were outside the Raytheon scope for
conceptual design activities. These costs (in FY 97 dollars) are itemized in the
paragraphs below.

&

. RMA97-01.CD

Remove and ship spent fuel, spent control rod blades, and other RINM.
(The costs for these activities are controlled by those responsible for WBS
Activity 1.2.3 of the HFBR Tritium Remediation Project and are,
therefore, not included in the costs associated with the proposed liner
modification. )

Temporary canal water storage facilities and/or canal water disposal.
(The costs for these activities are controlled by those responsible for WBS
Activity 1.2.2 of the HFBR Tritium Remediation Project and are,
therefore, not iaciuded in the costs associated with the proposed liner
modification.)

Remove canal internal structures and appurtenances. Store those to be re-
used and dispose of those to be replaced. (Costs accounted for as
described in 10.1.2.b, above.)

Draining, vacuuming, cleaning, and decontaminating the canal. (Costs
accounted for as described in 10.1.2.b, above.)

Refilling the canal. (Costs accounted for as described in 10.1.2.b, above.)

Alteration or replacement of affected canal internals and appurtenances
(see paragraph 2.3.1, above), $445,000.

Return those canal internals and appurtenances which were stored for re-
use, $16,600.

18 of 19 Rev. 0



h. Project management and support, $280,000. (These are the costs
. associated with those LNL or RD activities necessary to coordinate and
support the activities of the design, fabrication and installation

consultants/contractors to be used in the project.)

10.1.3 Combining the above costs, the total estimated cost for the liner project is as

follows:
Rayiheon Estimated Costs {later]’
BNL Estimated Costs $ 741,600
TOTAL Estimated Costs [later]’

" This figure does not include any BNL G&A burden on the costs estimated by Raytheon
and nor does it include any escalations for spending in succeeding fiscal years.
Therefore , the total costs may differ from any estimates previously given which may
have taken these factors into account.

10.2  Schedule

10.2.1 The Raytheon Report includes schedules for the remaining design, along with
fabrication and installation of thie canal liner and leakage detection system. For
those support activities solely within BNL scope, schedules will be developed to
interface with the necessary portions of the Raytheon prepared scheduie and
maintain the projected liner completi n date.
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CONCEPTUAL DESIGN FOR RD MODIFICATION APPROVAL 97-01,
"IMPERVIOUS LINER FOR THE HFBR SPENT FUEL STORAGE CANAL"

ENGINEERING ALARA DESIGN GUIDE

Yes No N/A
)< I.  Materials
A.  Were materials selected to reduce the formation of activated corro-
sion products?
X B. A materials resistant to radiation effects?
X T T €. Arerough surface finishes avoided?
Dy gl D.  Are proper coating systems used (decontaminable) as appropriate?
I Emnumnﬂmnqn
Fluid systems containing radioactive materials
ped 1. Is floor drain back flooding prevented?
X 2. Are porous seals avoided on floor drains?
P 3. Are floors sloped to floor drain?
S Mg | 4. Have provisions for back flushing of lines been considered?
4 5. Were long radius elbows used when 90° fittings were neces-

sary?
6. Are sampling points located remotely or shielded from high

X
X radiation areas?
X

@

Were radiation surveys reviewed for the area where the
materials/items will be installed?

Are the new installations located away from hot spots and high
radiation areas as much as possible?

Does the new installation affect maintainability of existing items?
Should existing instrumentation/operating station be moved?
Should permanent shielding be installed around the new equip-
ment?

Should there be provisions for the installation of temporary shield-
ing?

Were instruments/gauges located in a low background area?

Were instruments functionally grouped to minimize operator ex-
posure time?

Will this device generate a radiation field”?

Does another location exist which would result in lower doses?
Will there be any releases of radioactivity to the environment; can
they be mitigated?

Review Completed \5 )(1? 05/ "0_.;“9 ‘7‘

Leader Date

mmo 0

= -

X

RD APM 4.13 060393



DRAFT CONCEPTUAL DESIGN REPORT

IMPERVIOUS LINER FOR THE HIGH FLUX BEAM REACTOR
SPENT FUEL STORAGE CANAL

FOR BROOKHAVEN NATIONAL LABORATORY
BY RAYTHEON ENGINEERS AND CONSTRUCTORS, INC.

April 4, 1997




Raytheon Nuclear Inc.

160 Chubb Avenue
Lyndhurst, NJ 070713502
Tel 201 460, 1900
Fax 201 460.6355 )
Raytheon Engineers &
Constructors
April 4, 1997
HFBR-3-E.2

Mr William J Brynda

Brookhaven National Laboratory
81 Cornell Avenue (Building 120)
Upton, New York 11973-5000

SUBJECT: CONTRACT NO. 822081
TASK ORDER #3
DRAFT CONCEPTUAL DESIGN REPORT FOR AN
IMPERVIOUS LINER FOR THE

HEBR SPENT FUEL STORAGE CANAL

Dear Mr Brynda:
Enclosed are 38 copies of the subject Cunceptual Design Report.

We have sent nine (9) copies directly to the persons shown in the distribution list at
the end of this letter.

This report identifies requirerents, compares different Liner System alternatives and
describes a recommended design concept. Preliminary cost and schedule estimates,
a risk analysis and a list of activities for the later titles are also provided.

The report concludes that it is feasible to install a Liner System at the HFBR that
satisfies the DOE requirements, the applicable portions of the Suffolk County Sanitary
Code and the Brookhaven National Laboratory's scope of work.

Piease provide us with your comments on this report by April 21, 1997. We plan to
incorporate comments and issue the final report on May 5, 1997.

If there are any questions on this report please call (516) 344-5193.

V:er /Vj)ly VO%%, |

¢ J Costello

Project Manager

JJICna
Enclosures (38)
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EXECUTIVE SUMMARY

The results of the Conceptual Design for an impervious liner with leak detection capability for
Brookhaven National Laboratory’s High Flux Beam Reactor (HFBR) Spent Nuclear Fuel Storage
Canal are presented The Conceptual Design, prepared by Raytheon Engineers & Constructors, Inc
includes identification of requirements, comparison of alternatives, description of a recommended
design concept, schedule analysis, cost estimates, risk analysis and a list of activities for the later
phase of the work

The conclusion of this report is that it is feasible to install a Liner System at the HFBR that satisfies
DOE and BNL requirements and satisfies applicable portions of the Suffolk County Sanitary Code
The Liner System can be instailed, tested and accepted S to 9 months following the removal of the
spent nuclear fuel from the canal, depending primarily on the number of shifts worked per week The
cost for the recommended design alternative, excluding BNL costs, is estimated to be $5 52 million,
including a 15 percent contingency The cost estimates and schedules presented are considered to be
representative of those issued during preliminary design Key design paramcters, detailed sketches,
material quantities and a construction approach support the cost/schedule estimates

The installation of an impervious canal liner is the best way to assure that no tritium is released to the
environment by leakage or seepage from the HFBR spent fuel storage canal
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1.0 INTRODUCTION

This report documents a conceptual design of an impervious liner with leak detection capability for
the High Flux Beam Reactor (HFBR) spent fuel storage canal. The existing spent fuel canal is an
embedded concrete structure, extending 20 feet to 30 feet into the soil beneath the equipment floor at
elevation 93 ft  The perspective view of the canal is shown in Figure 1-1.

Figure 1-2 shows the plan of the existing canal and its internals. The canal consists of 2 main storage
area, deep pool area, cutting area and cask loading area. Structures in the main storage area include
the long-term fuel storage racks (7 total), the 49-element basket long-term fuel storage rack, the four,
six, twenty-one, and forty-nine element storage baskets Also included are the 30-cell uncut fuel
element storage rack, the storage rack guard, the heavy cover, and the heavy cover support structure

Structures in the deep pool area include the six-element leaking fuel storage basket, the storage rack,
the seismic restraint for this rack, and the removable grating cover at elevation 73 -3"

The remaining structures in the canal include retard chute, shipping cask/canal strike plate assembly,
stand for fuel element baskets, cut fuel ends basket, canal wall shield assembly, fuel cut-off saw,
removable platform at elevation 93 ft and movuble cana! bridge.

Raytheon Engineers & Constructors, Inc. has performed the conceptual design work under contract
number BNL 822081 in accordance with Brockhaven's Scope of Work dated February 7, 1997 and
amendment dated March 14, 1997

Conceptual design of the Liner System is part of Work Breakdown Structure (WBS) element 2 1 1
under the HFBR Restart and Upgrades Project

Interfacing BNL organizations for installation of the Liner System include

¢  HFBR Trntium Remediation Project
- Source Management
=  Plume Remediation
«  Communications and Project Support

‘. Reactor Division
-  Plant Management
«  Operations
«  Operations Support
- Safety Evaluation
-  Environmental Safety and Health
«  Quality Assurance
«  Compliance
- Reactor Instrumentation
« Reactor Technology
-  Engineering
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-  Training and Procedures
«  Health Physics

¢  Safety and Environmental Protection Division
¢  Central Shops Division
¢  Contracts and Procurement Division

The mission of the Liner System is to assure that no tritium or other radionuclides are released to the
environment by leakage from the HFBR spent nuclear fuel storage canal

Conceptual Design efforts included the following major activities:
¢  Develop a scope defimition that satisfies system objectives.
¢ Identify ail requirements needed to support detailed design.

¢  Assess a range of alternatives that sufficiently differ in characteristics such as
materials, methods of installation and cost, so as to offer reasonable choice in
selecting the most suitable alternative

¢  Describe the most suitable alternative in sufficient detail to facilitate progressing to
detailed design, validate feasibility, confirm proper interface with canal internal
structures, systems, and operating practices, identify risks and contingency plans,
and define activities for the next phase of work.

¢  Develop a conceptual phase budget estimate and a realistic project schedule for
design, fabrication and installation of the recommended Liner System

The -urrent planning basis for this report is that all HFBR spent fuel will be shipped offsite by
November 1, 1997, and that the Liner System (including leak detection) installation is completed on
an accelerated basis, using two 10-hour shifts per day, 6 days per week, by March 1998 Alternate
costs and schedules for the most viable options based on a single shift 8 hours per day, 5 days per
week are also presented It is further assumed that the NEPA review of the Liner Systen will be
completed by August 15, 1997

The governing requirements documents come from DOE Order 5480 30, Nuclear Reactor Safety
Design Criteria, January 19, 1993, NRC Standard Review Plan (SRP) 912, Spent Fuel Storage,
ANSUANS-57.2-1983 Design Requirements for LWR Spent Fuel Storage Facilities at Nuclear
Power Plants, the BNL Scope of Work Description, HFBR Final Safety Analysis Report and the
HFBR Technical Safety Requirements Document, and Suffolk County Sanitary Code, Article 12
Toxic and Hazardous Materials Storage and Handling Controls

Five alternative installations were evaluated in detail Other alternative liner concepts, materials and
leak detection and recovery systems were also considered
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The recommended alternative will consist of a nominal 5/8-inch thick Type 304 stainless steel free-

. standing liner. The liner will be backed up by an array of stiffeners and the bottom will be supported
on a new grout base The existing concrete walls and floor will be decontaminated, inspected,
repaired, grouted and coated to form a second leak-tight barrier

A small stainless steei-lined sump with pump-out capability is provided at the canal low point
Wherever practical, welds are backed up by welded leak detection channels. Leak detection is
provided by sump level detection, and the detection of water and/or tritium in channels. Monitoring
and alarm instrumentation are also provided All work will be performed to appropriate quality
standards
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2.0 REQUIREMENTS

In this Conceptual Design Report, Raytheon Engineers & Constructors, Inc. provides an assessment
of what requirements are applicable to the design of the Liner System including the Leak Detection
and Recovery System It is not the intent of this report to provide a line-by-line comparison of the
design against the requirements. During the Preliminary Design effort, a Requirements Document
will be developed which will describe in detail how the design satisfies each of the design
requirements

2.1 General Design Requirements

A review of U S Department of Energy (DOE), U & Nuclear Regulatory Commission (NRC),
American Nuclear Society (ANS), Suffolk County and Brookhaven National Laboratory (BNL)
documents was undertaken to determine what design requirements are applicable to the Liner and the
Leak Detection and Recovery System (hereinafter referred to as the Liner System) This review
primarily focused on the design requirements for the Liner System, since the existing storage racks,
fuel handling equipment, circulating water system, HVAC, canal monitoring instrumentation, and
features for protection from internal and external hazards will be utilized after the Liner System is
installed

2.1.1 Department of Energy
The DOE Orders were assessed to determine which may have applicability to the design of the Liner
System and the Leak Detection and Recovery System Based on this assessment, the following three
DOE Orders were determined be potentially applicable and thus were reviewed in detail for design
requirements for these two systems.

DOE Order 6430 1A (General Design Criteria), dated April 6, 1989,

DOE Order 54806 (Safety of Department of Energy-Owned Nuclear Reactors), dated
September 23, 1986, and

DOE Order 5480 30 (Nuclear Reactor Safety Design Criteria), dated January 19, 1993
DOE Order 6430 1A provides design guidance for the various structures and infrastructure that are
located at DOE sites around the country However, DOE Order 6430 1A states in Division |
("General Requirements”), Subsection 0101-1 and in Division 13 ("Special Facilities"), Subsection
1300-1.1, that

"Reactors and their safety systems shall be sited and designed according to DOE 5480 6 "
For this reason, DOE Order 6430 1A is not applicable to the design of the Liner System

DOE Order 5480 6 was developed to provide guidance on the safe design, construction and operation
of DOE reactors Paragraphs 8a and 8b of DOE Order 5480 6 provide the siting criteria and the
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general design criteria for DOE reactors by referencing the NRC requirements for commercial nuclear
reactors

Subsequently, DOE developed DOE Order 5480 30 to provide specific detailed guidance for DOE
reactors and this specific guidance superseded Paragraphs 8a and 8b in DOE Order 54806
Therefore, with respect to DOE, the design requirements for the Liner System and the Leak
Detection and Recovery System are only provided in DOE Order 5480 30

In DOE Order 5480 30, specific guidance for these two systems is provided in Paragraph 8d(8)(a)
(Specific Design Kequirements - Fuel and Radioactive Waste Storage), and in Attachment 3
(Preliminary Guidance For Nuclear Reactor Nuclear Safety Design Criteria), Paragraph 3(8)(a)
(Specific Design Requirements - Fuel and Radioactive Waste Storage)

Paragraph 8d(8)(a) states

“The fuel storage and handling and radioactive waste system shall be designed to ensure
adequate safety under normal operations, AOEs [Anticipated Operational Events] and
DBAs [Design Basis Accidents] These systems shall be designed:

1 With the capability to permit appropriate periodic inspection and testing of
components,

2 With suitable shielding for radiation protection, and
3 With apprepriate containment, confinement, and filtering systems

Applicability - The Liner System and the Leak Detection and Recovw..y System will be designed to
prevent leakage under normal operations, AOLs, and DBAs. These two systems will be designed to
permit appropriate inspection and testing, suitable shielding to prevent radiation streaming and
appropriate confinement of the spent fuel pool water

Attachment 3, Paragraph 3(8)(a) states:

“ Storage and handling of nuclear fuel requires that consideration be given to prevent theft,
criticality, protection from sabotage or physical damage, and receipt inspection Wastes
should be categorized by activity, half life, and chemical toxicity. The guidance contained
in the American Nuclear Society standard, “Design Requirements for Light Water
Reactor Spent Fuel Storage Facilities at Light Water Reactor Plants,” ANSI/ANS-57 2-
1983 and the American Nuclear Society Standard, “ Design Requirements for New Fuel
Storage Facilities at Light Water Reactor Plants,” ANSIANS-573-1983, although
written for light water reactor facilities, is generally applicable to all water-cooled DOE
reactors, regardless of size. Additional guidance can be obtained from NUREG-0800,
Section 911, [ie, Standard Review Plan (SRP) 9.11]), “New Fuel Storage” and
Section 9.1.2 [SRP 9.1.2], “Spent Fuel Storage "
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Applicability - The Liner System and the Leak Detection and Recovery System will be designed to
the following applicable requirements of SRP 9.1.2 and ANSI/ANS-57.2-1983.

SRP9.12

See Section 2.2.2
ANSI/ANS-57.2-1983

See Section 2.2.3
312 Nuclear Regulatory Commission
NUREG-0800, Standard Review Fian (SRP) 9.1.2 (Spenr Fuel Storage), Revision 3 (July 1981),
provides overall guidance tor the liner. The SRP also references Regulatory Guide (RG)) 1.13
(Design Objectives for Light Water Reactor Spent Fuel Storage Facilities at Nuclear Power
Stations), RG 129 (Seismic Design Classification), and ANS 57 2/ANSI N210-1976 (Design
Objectives for Light Water Reactor Spent Fuel Storage Facilities at Nuclear Power Stations) It
should be noted that since the issuance of the SRP, ANS 57 2/ANSI N210-1976 was superseded by
ANSI/ANS-57.2-1983 It is common industry practice, which is acceptable to NRC, to use the latest
version of the standard in question. With respect to the Regulatory Guides, the latest versions are

RG 113 Revision | (December 1975)

RG 1.29 Rewvision 3 (September 1978)
In addition, NUREG-0800, SRP 3.8 4 (Other Seismic Category I Structures) Section 11 (Acceptance
Criteria), Revision 1 (July 1981), and Appendix D (7echnical Position on Spent Fuel Pool Racks),

Revision O (July 1981) provide additional seismic criteria.

Applicability - The Liner System and the Leak Detection and Recovery System will be designed to
the following applicable requirements of

ANSI/ANS-57 2-1983
See Section 223
SRP 3 8 4 (Other Seismic Category | Structures)
Section 1l (Acceptance Criteria)
Subsections I A, 1B, I1L.C, 1 E,

Subsection 11 2 (Applicable Codes, Standards, and Specifications),
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Subsection 11.3 (Loads and Load Combinations),

Subsection I1.4 (Design and Analysis Procedures),

Subsection 115 (Structural Acceptance Criteria),

Subsection 11.6 (Material, Quality Control, and Special Construction Technigues),
Subsection I1.7 (7esting and Inservice Surveillance Requirements), and

Appendix D (7echnical Position on Spent Fuel Pool Rack), Section 4 (Loads and Load
Combinations)

SRP 9.1 2 (Spent Fuel Storage)
Section Il (Acceptance Criteria)
Subsections I1.1, I1.2, 11 4, and 11.6

RG 113 (Design Objectives for Light-Water Reactor Spent Fuel Storage Facilities at Nuclear
Power Stations)

Section C (Regulatory Position)
Subsections C.1, C.5.¢, and C 6
RG 1.29 (Seismic Design Classification)
Section C (Regulatory Position)
Subsections C.1,C2,C3,and C 4
2.1.3 American Nuclear Society
Current commercial nuclear industry guidance is provided by the American Nuclear Society (ANS)
standard ANSUANS 57.2-1983 (Design Requirements for Light Water Reactor Spent Fuel Storage

Facilines at Light Water Reactor Plants)

Applicability - The Liner System and the Leak Detection and Recovery System will be designed to
the following applicable requirements of ANSI' ANS-57.2-1983:

Section 5 (Facility Performance Requirements)

Subsection 5.1 (Spent Fuel Storage and Cask Handling Pools)
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Subsection 5.6 (Electrical Power, 1&C and Communications).
Section 6 (Design Requirements)

Subsection 6.1 (Spent Fuel Storage and Cask Handling Pools)

Subsection 6.6 (Electrical Power, I&C and Communications)

2.1.4 Suffolk County

Suffolk County does not have any requirements directly addressing the Liner System and the Leak
Detection and Recovery System However, the applicable requirements of Suffolk County Sanitary
Code (SCSC) Article 12 (To.  and Hazardous Materials Storage and Handling Controls), dated
December 16, 1992, Section 760-1210 (Underground Storage Facilities) will be utilized

Applicability - The Liner System and the Leak Detection and Recovery System will be designed to
the following applicable requirements of the SCSC Article 12, Section 760-1210:

Subdivision A (New Storage Facilities)

Item 1 All new storage facilities used or to be used for the underground storage
of toxic or hazardous materials shall be designed and constructed in @ manner which will, in the
opinion of the Commissioner, provide the maximum reasonable protection available against leakage
or spillage from the facility due to corrosion, breakage, structural failure, or other means. Double-
walled or equivalent facilities are required for all toxic or hazardous materials, except for tanks for the
storage of on-premises heating oil at residential homes. For these, single-walled, non-corrodible
facilities may be used. Acceptable designs for tanks include cathodically protected steel, glass fiber
reinforced plastic, or other equivalent design approved by the Commissioner.

Subdivision B (Existing Storage Facilities)

Item 2 It shall be unlawful for any person to substantially modify or cause the
substantial modification of any existing underground storage facility or part thereof without
complying with the provisions of Subdivision A and all regulations and standards promulgated
thereunder

Subdivision C (Single-walled Non-corrodible Facilities)

Item 1. Single-walled non-corrodible facilities with leak detection and overfill
protection must be upgraded to meet the secondary containment requirements of new construction
It shall be unlawful to use or maintain the existence of any facility of this description beyond January
1, 2010 for the storage »f any toxic or hazardous material which is not adequately protected with a
secondary containment system
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Subdivision F (General Provisions and Requirements), Item 5

Item 5 It shall be unlawfu! not to maintain any secondary containment system for
underground storage in a dry condition except for (anks that utilize a fluid-filled space between the
tank walls for leak detection Any liquid which enters a secondary containment system shall be
removed within 24 hours, the source determined and corrected, and a permanent record of the event
made and kept available for inspection by a Department representative

Subdivision G (Monitoring and Leak Detection)

Item 2 All underground storage facilities or parts thereof, except those for
residential homes, must be provided with means of monitoring frequently and accurately for any
leakage and spillage that might occur Al leak detection systems and tanks shall be monitored by the
facility operator at least on a weekly basis and the results recorded and kept with the product records

leak detection and monitoring can be provided by an electrical continuous leak detection system,

visually operated or float operated alarms for tanks in pits; or fluid level detectors for double-walled
facilities or other equivalent design approved by the Commissioner. Permanent records of all
monitoring shall be kept for a period of five (5) years.

The requirements of Subdivision G, Item 2 are supplemented by the requirements in Section 3.0 of
Leak Detection Alarm System Requirements for Toxic'Hazardous Material Facilities, Amended May
1989 and issued by the Suffolk County Bureau of Hazardous Materials This regulation requires a
leakage alarm system with an annunciator that can be heard and seen by t<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>