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BACKGROUND

On December 7, 2004, the Defense Nuclear Facilities Safety Board (DNFSB) issued
Recommendation 2004-2, Active Confinement Systems. Recommendation 2004-2 noted
concerns with the safety system (safety-class or safety-significant) designation strategy
utilized in or planned for several facilities to confine radioactive materials during or
following accidents. The Board’s main issue is that for the purpose of confining
radioactive materials through a facility-level ventilation system, safety system
designation should be based on the active safety function (forced air through a HEPA
filter system). The DNFSB is concerned that a passive confinement safety function may
not be as effective as the active safety function in a few postulated accident scenarios.

On March 18, 2005, the Secretary accepted DNFSB Recommendation 2004-2. On
August 22, 2005, the Department of Energy (DOE) forwarded its Implementation Plan
(IP) for this recommendation to the DNFSB. The DNFSB accepted the Department’s IP
on September 19, 2005. The DOE IP proposed a methodology for systematically
reviewing the ventilation systems at each of the sites. That methodology was established
as the Ventilation System Evaluation Guidance for Safety-Related and Non-Safety-
Related Systems. The evaluation process was first piloted at several facilities prior to
DOE-wide implementation. This Independent Review Panel (IRP) review is of one of
these pilot evaluations. Timing of this evaluation, review, and closure of identified gaps
is in accordance with the DOE revised Implementation Plan forwarded to the DNFSB on
July 12, 2006.

FACILITY OVERVIEW

The Actinide Removal Process (ARP) mission is to support the removal of radioactive
and chemical liquid waste from storage tanks at the Savannah River Site (SRS) Tank
Farms and its conversion into a solid form for long term disposal. The ARP will be
performed in the 241-96H, 512-S, and 512-6S facilities with a projected operating life of
three years. Based upon the radiological inventory that the facilities will process, the
Hazard Classification for the ARP facilities is Hazard Category 2. The facilities were
modified to support the ARP mission approximately one year ago with plans to put them
in radioactive operation in late 2007. The 241-96H and 512-S ventilation systems were
designed and installed 10 to 15 years ago.

The process adds Monosodium Titanate (MST) to an aqueous salt waste solution from
High Level Waste Storage Tank 49 in order to adsorb strontium and actinides for
separation and disposal at the Defense Waste Processing Facility (DWPF). The process
flow sheet entails MST addition and mixing in the 241-96H building and then a batch
transfer of the mixture to 512-S where a mechanical separation process using cross flow
filtration removes strontium and actinide laden MST from the salt solution. Batch
processing is repeated until a concentrated MST solution is obtained. The distillate
(filtrate) is sent to the Modular Caustic Solvent Extraction Unit (MCU) and the
concentrated MST is sent to DWPF for further processing.



INDEPENDENT REVIEW PANEL EVALUATION

The IRP was involved with the pilot study throughout the entire evolution of the
evaluation of the ARP. Multiple meetings were conducted involving participants from
the Savannah River Site (SRS), the IRP, and DNFSB staff.

Initial evaluation of the Documented Safety Analysis (DSA) for the ARP resulted in
documenting results in Table 4.3 of the pilot study (Attachment 1) that show no credit for
the ventilation system had been taken in any of the evaluated accidents at either a safety
class (SC) or safety significant (SS) level. Representative accidents, along with their
evaluated consequences were reviewed by the IRP and the IRP agreed with the
conclusion of the Site Evaluation Team (SET). In order to complete the total scope of the
pilot study, the IRP recommended that in accordance with provisions of the Evaluation
Guidelines, the study continue with the evaluation being completed against the SS criteria
of the guideline.

The subsequent evaluation by the SRS SET identified several gaps between the existing
systems and the evaluation guidelines as documented in their report (Attachment 1).
Review by the IRP of the identified gaps and the cost benefit arguments supplied by the
SET resulted in an initial agreement by the IRP in the conclusions of the SET.

At the end of the meeting whereby the IRP had reached agreement, the DNFSB staff
questioned the divisions that the SRS SET had used in grouping identified gaps for
developing cost benefit arguments and conclusions. The DNFSB staff felt that although
no definitive guidance had been included with the evaluation guidelines, grouping of
potential improvement items into larger update projects could obscure beneficial
improvements that could be accomplished at reasonable cost benefit levels. In response
to the DNFSB staff observation, the SRS SET was requested subsequent to submission of
their final report to re-evaluate their gap analysis conducted for the ARP pilot study. This
re-evaluation did not identify any further breakdown that resulted in smaller items with
reasonable cost benefit. Significant upgrades would be required to the non credited
ventilation system to meet SS criteria for this short term project (ARP is an interim
process to be utilized until startup of the Salt Waste Processing Facility). Although
upgrades to the signals provided to the control room for monitoring ventilation status or
effluent release quantities during normal or emergency operations would be beneficial,
the cost for routing the signal leads through the existing tank farm infrastructure of
transfer piping and potentially contaminated soil is significant (distances of up to 0.75
mile).

In addition to the SRS SET re-evaluation, the EM IRP lead conducted an on-site visit to
review the facilities, their surroundings, and the SRS SET conclusions. After this review,
it was concluded that the SRS SET conclusions were valid.



INDEPENDENT REVIEW PANEL RECOMMENDATION

The IRP recommends that the PSO and CTA accept the ARP Pilot Study and its
conclusions.

LESSONS LEARNED

The following lessons learned were provided by the SRS SET.

Observations

Overall, the System Evaluation Guide provided adequate guidance to perform the
evaluations.

The addition of a pilot phase to the overall implementation plan was a positive
strategy.

Beneficial interaction with the Independent Review Panel (IRP) occurred during
the process. Teleconferences to agree with strategic approaches were very
beneficial to keep the IRP abreast of the progress of the ARP review and the
overall approach being taken for the report. This made the overall process much
smoother and should be encouraged for other site teams where unique situations
exist.

Essential Modifications to Methodology Manual

The evaluation guide needs to include additional guidance on what to do if the
ventilation system under review is not safety related or the IRP directs review of
the ventilation at a higher functional classification and/or spectrum of hazardous
material release events than that currently credited in the DSA. This is necessary
to be accomplished as part of Table 4.3 to ensure that the ventilation is evaluated
for an agreed upon spectrum of radiological release events and functional
classification designation. This approach was agreed to be necessary by the IRP
for ARP to understand the hazardous release events that would be considered
when performing Table 5.1 evaluations. Without this approach, Table 5.1 and
associated gap resolution cost benefit reviews could not have been performed.
The Table 5.1 has entries that indicate to evaluate the gap “only when credited by
the DSA”. There is much confusion regarding how this is to be interpreted.
Before completing the ARP pilot, SRS received clarification from the IRP that we
were to consider these events in the ARP evaluations since there were potential
release events and we were evaluating a non-safety system to SS classification
criteria. Our recent teleconference with the IRP, Central Technical Authority
(CTA), and DNFSB seemed to indicate these items only needed to be considered
if the DSA credited the systems as a functional attribute. If that is the case, then
ARP did not need to evaluate events such as NPH releases since the ventilations
systems were not currently credited in the DSA. Clarifying when attributes of



Table 5.1 are to be and not to be considered is critical to update in the evaluation
guidance.

Deflagration events such as those that can occur in process vessels should be
considered to be excluded form consideration in the evaluation guidelines unless
the DSA already credits the system for this function. Ventilation systems are not
typically designed to be deflagration/detonation hardened as part of routine
ventilation design standards. The ability to perform a confinement in this type of
event is not likely to be able to be accomplished with any existing systems unless
they were specifically designed to this expectation, and therefore should be
excluded as a release event that would require the ventilation to perform a
confinement function. The safety basis approach to deflagration events is
typically one of prevention versus confinement.

The methodology manual should include some information regarding the level of
detail to be provided in general and whether gap resolution summaries should be
added to Table 5.1. In general, the level of detail required in the tables and report
should be clarified to be only essential information regarding the safety basis,
gaps, and proposed resolution strategies. Detailed listings of codes, equipment
alarm ranges, etc while demonstrating thoroughness of the reviews, should not be
included unless required to demonstrate a gap or gap resolution approaches in the
report.

Including a summary of gap resolution strategies as part of the Table 5.1 provides
a more direct linkage to an individual gaps resolution per item. The text of the
report would provide an overall integrated perspective of the gaps. This was
suggested in our recent telecom.

The evaluation guide needs to recognize that for events above 25REM offsite
unmitigated consequences, it may still be appropriate to consider SS as the
fundamental classification for the ventilation. This would be appropriate where
the ventilation was considered to be Major contributor to Defense in Depth.
Include information in the evaluation guide that allows “segmentation” for 2004-2
purposes where the DSA may not have formally done segmentation. This is to
recognize what was allowed on ARP. This is appropriate for Table 4.3
development in particular.

The evaluation guide should define a standard mitigated dose consequence to
evaluate against if the confinement system is not already credited in the DSA.
This would establish a uniform approach to confinement system effectiveness
requirements where no defined value has been agreed upon via a DSA.

Page 11 item 3. of the evaluation guideline need to clarify what aspects are
required to be discussed for off site and onsite receptors. Implies that all
information is to be provided for both and information from DOE STD 3009
quoted is only applicable to off site dose calculations.

In many instances, there may be miscellaneous ventilation systems within the
facility that may potentially not warrant separate reviews under 2004-2. In these
instances, the basis for not performing reviews of those systems separately should
be part of the Table 4.3 submittal to along with the basis for not performing the



review to obtain IRP/PSO/CTA concurrence. This was accomplished as part of
the ARP Table 4.3 submittal.

e Based on recent discussions with the IRP and DNFSB, there appears to be a
desire to make recommendations for “prudent” upgrades to the current systems
that may enhance performance, even if the modification would not provide an
overall dose reduction or be a safety function. If this is a desire, the evaluation
guidance should be changed to include a specific section that would include such
items for consideration.

Recommendations for Consideration

e If the reason a facility has been categorized as Hazard Category 2 is due to the
potential for criticality (versus radionuclide inventory) then the facility should be
treated as Hazard Category 3 for 2004-2 evaluation purposes.

e |dentify an abbreviated process where previous evaluations have been
documented that meets the intent of the evaluation guide evaluations. This
process would identify that a report should be generated which demonstrates how
the earlier evaluation sufficiently meets the intent of the 2004-2 System
Methodology review, and demonstrates that the Facility Evaluation Team and the
Site Review Team concur that the earlier evaluation provided equivalent review.
The PSO/CTA/IRP team ultimately would concur that the review provided
equivalent evaluation. This approach will permit a more efficient approach to
recognizing the gaps and cost-benefits for upgrading systems where they were
previously considered.

e Explicitly following the methodology guidance for ARP produced a strong
product, but may have been an excessive evaluation for facilities which have
limited dose potential or limited life.

The IRP agrees with the lessons learned provided above by the SRS SET with an
emphasis being placed on making sure that site evaluation teams are aware that although
no minor gaps or breakout items resulted from the re-look by the SRS SET gap analysis,
a finer level of consideration should be accomplished as part of the initial study. Site
SETs should also be aware that the evaluation is intended to be made against the
functional requirements of the guidelines and is was intended as an audit of code
compliance.

It was also noted that some of the gap analyses were made against criteria in the
evaluation guidelines that had not been credited in the DSA (e.g., seismic criteria when
systems were not credited to survive a seismic event). A caution needs to be generated
for future studies against the evaluation guidelines to preclude the generation of
artificially high cost estimates during the gap analysis which could thus eliminate
reasonable system upgrades from further consideration.
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Definitions

Confinement

Confinement
System

Hazard
Category

Performance
Category

Ventilation
System

A building, building space, room, cell, glovebox, or other enclosed volume in which air
supply and exhaust are controlled, and typically filtered. (Ref 12)

The barrier and its associated systems (including ventilation) between areas containing
hazardous materials and the environment or other areas in the facility that are normally
expected to have levels of hazardous material lower than allowable concentration limits.
(Ref. 12)

Hazard Category is based on hazard effects of unmitigated release consequences to
offsite, onsite and local workers. (Ref. 14)

A classification based on a graded approach used to establish the NPH design and
evaluation requirements for structures, systems and components. (Ref. 13)

The ventilation system includes the structures, systems, and components required to
supply air to, circulate air within, and remove air from a building/facility space by natural
or mechanical means. (Ref. 12)
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Executive Summary

This confinement ventilation evaluation is for the 241-96H, 512-S, and 512-6S facilities associated with
the Actinide Removal Process (ARP) at the Savannah River Site (SRS). This evaluation was developed
in accordance with the Department of Energy (DOE) evaluation guidance for Defense Nuclear Facility
Safety Board (DNFSB) Recommendation 2004-2. The ARP project was identified as a pilot for the
DNFSB Recommendation 2004-2 evaluation effort. This evaluation included the active ventilation
systems in 241-96H and 512-S. The 512-6S laboratory facility currently has no installed active
confinement ventilation system.

The ARP facilities are identified as Hazard Category 2. The 241-96H and 512-S active confinement
ventilation systems are functionally classified as Production Support (PS) and meet Performance
Category 1 (PC-1) criteria for the applicable Natural Phenomena Hazard (NPH) events. This functional
classification is based upon the low radiological and chemical consequences to both 100-m on-site and
off-site receptors from postulated events as evaluated in the Consolidated Hazards Analysis (CHA) for
each facility.

The CHA Process did not identify any hazard events that needed to have controls included in the
Documented Safety Analysis. The events identified in the CHA do not challenge the 25 REM public
Evaluation Guideline (EG) from DOE-STD-3009-94 or the 100 REM Co-located Worker (CW) criterion
from the WSRC Functional Classification procedure when assessed at 100-m . The bounding event, a
design basis seismic event, yielded an unmitigated offsite dose consequence potential of approximately
20 mREM and less than 12 REM for the CW. These unmitigated doses were calculated using a leak path
factor of 1.0 (i.e., no credit was taken for any of the active confinement ventilation systems or passive
design features).

In accordance with the DOE 2004-2 evaluation guidance, SRS evaluated the active confinement
ventilation systems at 241-96H and 512-S facilities, and the 512-6S facility using the Safety Significant
(SS) criteria defined in Table 5.1 due to the Hazard Category 2 inventory levels. To assess functionality
for applicable NPH events, PC-2 criteria were used. Gaps were identified between the SS criteria and the
facility designs. These gaps were deemed to be discretionary in nature since none of the gaps involved a
discrepancy between the Safety Basis requirements and the facility designs.

A cost/benefit analysis was performed for the modifications that would be necessary to close the
discretionary gaps for each facility. Replacing PC-1 seismic ventilation ductwork, High Efficiency
Particulate Air (HEPA) filters, fans, and enclosures with PC-2 rated components would not be effective for
post accident mitigation without providing seismically qualified back up power and its associated
components and instrumentation. Conversely, building and instrumentation modifications would not be
effective without qualifying the ventilation system at PC-2 demand loads and providing PC-2 qualified
backup power. Therefore in order to obtain a benefit, all discretionary gaps would have to be closed
concurrently.

The active confinement ventilation systems for the ARP facilities are not required to be Safety Class (SC)
or SS since unmitigated radiological consequences are very low. It is noted that all events from the Table
4.3 submittal are very unlikely with the exception of spills. Spills are contained within cells and the current
HEPA filtered ventilation systems will provide confinement without modifications. The existing ventilation
systems would thus, provide the same dose mitigation as modified systems for a non-NPH spill event.

Each process building has qualitatively been shown to be capable of withstanding a PC-2 wind and
seismic event, therefore a degree of confinement will be maintained even if no modifications are made.
In addition, operator response actions will be established to mitigate a release to both the public and CW
during the potential release events.

The estimated total cost of the modifications to address all identified gaps would be approximately $65 to
$80 million and would delay ARP radioactive operations startup approximately two years to develop and
implement.

Installation of modifications to address the identified gaps would provide limited overall dose reductions,
would only add active confinement assurance for NPH events where emergency response actions are
adequate, and would require significant overall cost to implement considering the projected three year
operating life of the facility. Therefore, the Facility Evaluation Team has determined modifications to the
ARP facilities are not recommended.
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1.2

Introduction

Facility Overview

The ARP mission is to support the removal of radioactive and chemical liquid waste from storage
tanks at the SRS Tank Farms and its conversion into a solid form for long term disposal. The
ARP will be performed in the 241-96H, 512-S, and 512-6S facilities with a projected operating life
of three years. Based upon the radiological inventory that the facilities will process, the Hazard
Classification for the ARP facilities is Hazard Category 2. The facilities were modified to support
the ARP mission approximately one year ago with plans to put them in radioactive operation in
late 2007. The 241-96H and 512-S ventilation systems were designed and installed 10 to 15
years ago.

The process adds Monosodium Titanate (MST) to an aqueous salt waste solution from High
Level Waste Storage Tank 49 in order to adsorb strontium and actinides for separation and
disposal at the Defense Waste Processing Facility (DWPF). The process flow sheet entails MST
addition and mixing in the 241-96H building and then a batch transfer of the mixture to 512-S
where a mechanical separation process using cross flow filtration removes strontium and actinide
laden MST from the salt solution. Batch processing is repeated until a concentrated MST solution
is obtained. The distillate (filtrate) is sent to the Modular Caustic Solvent Extraction Unit (MCU)
and the concentrated MST is sent to DWPF for further processing.

Confinement Ventilation System/Strategy
241-96H Facility

The Process Building ventilation system draws fresh air from outside through two intake supply
houses by one of two exhaust fans. Incoming air flows through two supply ducts mounted to the
ceiling of the building. Supply air is discharged through four vents from each supply duct over the
process cells and flows into the truck well area. Air in the process cells and truck well passes
through one of two HEPA filter banks and exhausts through an exhaust fan to the common 241-
96H exhaust stack. The Process Building HEPAs and exhaust fans are located outside of the
building.

The PVV system supports two MST Strike Tanks, one in each process cell. Air enters from the
process cell into each MST Strike tank through an annular space around the agitator shaft. Air is
then swept through the vapor space of the tank and exits through a tank PVV nozzle where it
passes through one of two HEPA filters and exhausts through the PVV exhaust fan to the
common 241-96H exhaust stack. The PVV HEPAs and exhaust fan are located outside of the
building.

512-S Facility

The Process Building Ventilation System provides air circulation for the 512-S process and
service areas. For the process areas and the parts of the service building that exhaust to the
process area, the Process Building Ventilation System removes any radioactive particles from the
air before discharging it to the environment through a common 512-S exhaust stack. The
Process Building Ventilation System exhausts air from process building and vacuum blower room
through HEPA filters. Outside air is continuously drawn into the 512-S process area via louvers
located in the walls of the 512-S Building. The air is pulled out of the process area via exhaust
ducts and passed through a HEPA filter bank. The HEPA filtered air is exhausted to atmosphere
via the common 512-S exhaust stack. The Process Building Ventilation System can also provide
a path for air flow through the process cells when one or more of the cell covers are removed for
maintenance. The 512-S Process Building Ventilation exhaust fan and ductwork are located
outside the building. The Process Building Ventilation HEPA filter unit is located in the 512-1S,
HEPA Filter Building.

PVV System flow is provided from the atmosphere and 512-S Building to the process cells via
piping (with inlet HEPA filters in parallel in case of flow reversal) and gaps in the cell covers due
to the suction from the PVV System blower. The process tanks also have flow pulled through
them via in-leakage and overflow lines via the PVV System blower. The PVV System is designed
to maintain a differential pressure between the tanks and cells via pressure controllers. Flow is
discharged through 4 parallel HEPA filters prior to exiting via the common 512-S exhaust stack.
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1.3

2.

241

2.2

23

512-6S Laboratory

The 512-6S Laboratory is a separate facility that may be used to draw low activity filtrate samples
into sample vials for analyses offsite. The laboratory was added to the confinement ventilation
assessment by virtue of the sample line being connected to one of the process tanks in 512-S. In
2002, a cost/benefit analysis was performed (Ref. 9) and it was determined that the installed
confinement ventilation was not necessary for the laboratory because the unmitigated radiological
consequences were less than 1.5 mREM to the CW for a sample spill. Based upon this
determination, the ventilation system was subsequently removed.

Summary

The applicable DSAs (Ref. 4 and 5) and CHAs (Ref. 1, 2 and 3) for the ARP facilities do not credit
any active confinement ventilation system to perform a SC or SS function. The ARP ventilation
systems are used for contamination control and to ensure that the vapor spaces in the processing
tanks are swept of potentially flammable vapors.

Major Modifications

There are no Major Modifications currently underway or planned for these facilities. As described
above these facilities were recently modified to accomplish the ARP mission.

Functional Classification Assessment

Existing Classification

The active confinement ventilation systems in the ARP facilities are functionally classified as PS
and PC-1. The building and process cells were qualitatively evaluated and judged (Ref. 17) to be
able to withstand PC-2 NPH events and not fail in a manner that will initiate a spill event.

Evaluation

There are no SS or SC functions for 241-96H and 512-S associated with the existing active
confinement ventilation systems. The CHA did not identify any events that challenge the 25 REM
public EG from DOE-STD-3009-94 (Ref. 7) or the 100 REM CW criteria per WSRC procedure E7
2.25, Functional Classification (Ref. 6) as applied at 100-m. The bounding event, a design basis
seismic event, yielded an unmitigated offsite dose consequence potential of approximately 20
mREM and less than 12 REM to the 100-m CW. As such, the active confinement ventilation
systems in 241-96H and 512-S are appropriately classified as PS.

Summary

The PS functional classification of the existing active confinement ventilation systems for 241-96H
and 512-S is appropriate.
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System Evaluation

SRS evaluated the active confinement ventilation systems at 241-96H and 512-S Facilities, and
the 512-6S Laboratory in accordance with Ref. 8. Table 4.3 (Ref. 10 - included as Attachment 6)
was developed from the CHA hazard events since the DSAs do not identify any events that
require SS controls. Systems were walked down and documentation was reviewed to confirm
system configuration. System configurations were evaluated against the criteria in Table 5.1 and
gaps were identified and documented in Attachments 1 through 5. Design Services personnel
(construction and estimators) along with the system Design Authority engineers were used to
develop scopes of work for the modifications required to close each gap. The estimators then
developed cost estimates for the physical modifications. Standard estimating percentages were
used for the design and management overhead costs to develop a Total Project Cost (TPC)
estimate. The additional costs to further design and build the systems to withstand the effects of
a deflagration are estimated to be approximately 50% above the costs used for the cost/benefit
analysis. The additional costs were not included in the cost/benefit analysis because the Facility
Review Team believes that the prevention of deflagrations would be a more prudent approach as
further discussed below.

Identification of Gaps

This assessment evaluated the ventilation systems and supporting structures, systems and
components in 241-96H and 512-S against SS/PC-2 criteria. Although the radiological dose
potential is significantly lower than SS classification criteria, events from the CHA were used to
determine dose reduction if each facility was modified to close the identified gaps. The
methodology and events chosen were previously documented in Table 4.3 and submitted to DOE
(Ref. 10).

The SS classification and the associated attributes in Table 5.1 were used as a guide so that the
active confinement ventilation systems could be evaluated to a common set of criteria. Since the
use of SS criteria was not mandatory per the DSA, modifications to close any identified gap are
deemed to be discretionary in nature.

When developing Table 5.1, the following CHA events were considered:
e Process Spill
e Tank Deflagration
e Wind Event
e Seismic Event
e Laboratory Sample Station Spill (512-6S, only)

The Table 4.3 submittal identified tank deflagration as a potential radiological release event.
Radiolytic decomposition of water produces combustible gases. It would take a period of several
weeks to reach 100% of the Lower Flammability Limit . The buildup of flammable vapors within
the vessels is unlikely due to the limited generation rate and facility operating procedures. These
procedures will require shiftly surveillance of PVV instrumentation to detect a non-operational
ventilation system. Operator action will promptly restore the PVV system or prowde alternate
ventilation. Therefore, a tank deflagration is considered a highly unlikely event.

Chapter 9 of the DWPF DSA (Ref. 4) includes a discussion of accidents associated with 512-S
(Explosions, Earthquakes and High Winds). For explosions, the DSA states that to prevent the
vessel vapor space from becoming flammable, nitrogen is added to the vessel vapor space by the
nitrogen purge system. No SC or Defense In Depth (including SS) controls are credited,
therefore the unmitigated and mitigated scenarios are the same.
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3.2

3.3

Gap Evaluations

Each of the active confinement ventilation systems was compared with SS system performance
criteria in Table 5.1 of Ref. 8. In order to perform this evaluation, ventilation and support systems
were walked down and documentation was reviewed to confirm system configuration. Systems
were then evaluated against the criteria in Table 5.1, gaps were identified and documented in
Attachments 1 through 5. Design Services personnel (construction and estimators) along with
the system Design Authority engineers used the gap information to develop scopes of work for
the modifications required to close each gap. These scopes of work were reviewed with the
Facility Evaluation Team to ensure consistency prior to performing a cost/benefit analysis.

Modifications and Upgrades

The discretionary gaps identified in Attachments 1 through 5 were reviewed and modifications to
close the gaps were developed. These modifications were developed to a pre-conceptual scope
level of detail. The modifications are summarized below.

In order for the confinement ventilation system to operate after a PC-2 seismic event, it would be
necessary to implement all modifications to ensure that all ventilation and support systems would
remain intact; the building and its instrumentation would continue to function (to aid ventilation
confinement); backup power would be available to power instrumentation and ventilation fans;
and the tanks, cells and ventilation systems would not be affected by seismic interactions. All of
the modifications would require a review to determine to what extent the applicable Technical
Baseline documentation would need to be revised. Additionally, these modifications would require
the development of operating, maintenance and surveillance procedures, seismic interaction
analyses, and upgrading the Safety Basis documentation.

There is no dose reduction to the public for modification implementation because systems will not
be modified to a SC level. The majority of dose reductions would come from crediting active
ventilation system HEPA filters, assuming a minimum filter efficiency of 95%. The estimated cost
for modifications is $65 to $80 million. The facility modifications, associated costs to implement
those modifications and the resulting CW dose reductions are: :

e 241-96H Building, Instrumentation, Facility Stack, Ventilation Ductwork, HEPA Filter/Fan
and Enclosure Modifications, and the installation of Backup Power is $25 to $30 million -
(Reference 11).

o Reduces CW dose from approximately 3.8 to 0.2 REM for a non-NPH Process Spill

The ventilation system prevents flammable conditions from developing in the tanks
and thus preventing a deflagration. Thus a PC-2 seismic/wind qualified PVV
system will prevent a deflagration in an NPH scenario. The combined effect of
preventing a deflagration and providing HEPA filtration to address the spill results
in a reduction in the CW dose due from 6.1 to 0.2 REM during a seismic/wind event
(6.1 to 3.8 reduction due to prevention of deflagration and 3.8 to 0.2 due to active
HEPA filtration).

e 512-S Building, Instrumentation, Facility Stack, Ventilation Ductwork, HEPA Filter/Fan
and Enclosure Modifications and the installation of Backup Power is $35 to $40 million
(Reference 11).

o Reduces CW dose from approximately 3.8 to 0.2 REM for a non-NPH Process Spill

The ventilation system prevents flammable conditions from developing in the tanks

" and thus preventing a deflagration. Thus a PC-2 seismic/wind qualified PVV
system will prevent a deflagration in an NPH scenario. The combined effect of
preventing a deflagration and providing HEPA filtration to address the spill results
in a reduction in the CW dose due from 11.8 to 0.2 REM during a seismic/wind
event (11.8 to 3.9 reduction due to prevention of deflagration and 3.9 to 0.2 due to
active HEPA filtration)..
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¢ 512-6S Building, Instrumentation, Installation of a Stack, Ventilation Ductwork, HEPA
Filter/Fan and Enclosures, and tie-in to the 512-S Backup Power is $5 to $10 million
(Reference 11).

o Reduces CW dose from approximately 1.5 mREM to 0.1 mREM for a sample spill
in the laboratory.

241-96H and 512-S Facility Cost/Benefit Analysis Justification

As part of the DNFSB 2004-2 evaluation for the ARP facilities, the system Design Authority
engineers identified the modifications needed to close the identified gaps. Detailed results of this
analysis are documented in Reference 11. Since the identified modifications in each facility are
similar in nature, they have been grouped into five major categories for the purposes of this
report:

1. Building Modifications

2. Instrumentation Modifications

3. Facility Stack, Ventilation Ductwork, HEPA Filter/Fan and Enclosure Modifications
4. Backup Electrical Power Addition

5. Tank and Cell Modifications

All of the maodifications listed below would require revising the applicable Technical Baseline
documentation. Additionally, these modifications would require the development of operating,
maintenance and surveillance procedures, seismic interaction analyses, and revising the Safety
Basis documentation.

The information below is presented to identify the benefits and costs associated with undertaking
the identified modifications. '

1. Building Modifications

In order to close the identified gaps, each building would have to be modified. Airlocks
between ventilation zones would have to be installed. Building penetrations would need
to be sealed to enhance the ability of the system to maintain a controlled differential
pressure.

The only CHA event for which the modifications would be beneficial is the seismic event.
A PC-2 wind event will not affect the buildings per Reference 17. Facility procedures will
shut down all processing activities and the ventilation systems if a seismic event occurs,
thus ensuring that any releases into the building are not spread by the ventilation system.
The MAR is contained in tanks located in concrete cells that have been qualitatively
demonstrated to withstand a PC-2 seismic event that would contain the spill and
minimize airborne release potential.

The fire suppression system installed in both facilities meets the approved Facility Fire
Hazard Analysis requirements (Ref. 15 and 16). These systems provide coverage for the
buildings and would require changes to cover the ventilation systems.

The cost of modifying the 241-96H building was estimated to be approximately $10
million. The cost of modifying the 512-S building was estimated to be approximately $7
million.

2. Instrumentation Modifications

In order to close the identified gaps, facility instrumentation modifications would have to
include installing PC-2 qualified D/P instruments and alarms such as instruments to
monitor differential pressures between zones, building/atmosphere DP, HEPA filter DP,
Local Control Stations (LCSs) and Control Room alarms. LCSs would have to be
installed to provide controls since the Distributed Control System (DCS) is not a safety
related system. The LCS would have to have the ability to monitor key system
parameters such as flow and filter DP and start and stop fans as required with relays and
hardwire interlocks.

Page 11 of 71



Instrument modifications associated with the ventilation systems in each facility will allow
for reliable monitoring of various ventilation system parameters, such as flow rates, filter
D/P’s, etc after a PC-2 seismic or wind event.

Facility procedures will require the shutdown of all processing activities and ventilation
systems if a seismic event occurs. After the event, teams would be sent out to survey for
facility/system damage, indications of a radiological release, etc. Any problems identified
during these surveys would be addressed and corrected prior to ventilation system re-
start and a return to processing at the facility. Portable instruments would be used to
support post-event surveys.

The cost of modifying the 241-96H and 512-S instrumentation was estimated to be
approximately $3 million for each facility.

Facility Stack, Ventilation Ductwork, HEPA Filter/Fan and Enclosure Modifications

In order to close the identified gaps, the facility exhaust stacks and associated radiation
monitors, ventilation ductwork, HEPA filters and their enclosures, fans and their controls
and enclosures would require modifications to make these items able to withstand a PC-2
seismic or wind event. Therefore the 241-96H and 512-S ventilation systems would be
available following a PC-2 seismic or wind event to prevent a process tank deflagration
and to mitigate any spill inside of a process cell.

The 241-96H Process Building Ventilation System ductwork and both facility PVV
Systems’ ductwork is constructed of stainless steel and does not require modification.
The 512-S Process Building Ventilation ductwork is galvanized steel and is thus
susceptible to corrosion and identified as a gap in Attachment 3. The scope of the
modifications for the 512-S Process Building Ventilation system includes the replacement
of this ductwork (and fan) with stainless steel. However given the short operating life of
the facility (3 years) and the very small risk of corrosion/contaminating this ventilation
system, therefore this specific modification is not warranted.

The cost of modifying the Process Building Ventilation and PVV Systems was estimated
to be approximately $8 million in 241-96H and approximately $22 million in 512-S.

Backup Electrical Power Addition

In order to close the identified gaps, a diesel generator would need to be installed in each
facility with sufficient capacity to allow continuous operation of the PVV and Process
Building exhaust fans, and continuous operation of instrumentation if a loss of normal
electrical power occurs. The Laboratory Facility (512-6S) exhaust fan would be tied to
the 512-S backup power system. Facility modifications would require the addition of
seismically qualified diesel generators and associated instrumentation, seismically
qualified Motor Control Centers, seismically qualified support systems (e.g., fuel oil),
connection of fans, LCS and Control Room instrumentation and alarms to backup power
in accordance with SS criteria.

Backup power would ensure that the PVV and Process Building Exhaust fans would
continue to operate if events occur that result in a loss of normal electrical power. In the
event of a loss of normal power, operational procedures require the process to be shut
down. The risk from a normal process spill is minimal because all MAR is contained
within the tanks and cells within confinement structures.

The cost of this addition was estimated to be approximately $4 million for each facility.
Tank and Cell Modifications (Excluding 512-6S)

There are no gaps for both facilities tanks and cells. These tanks and cells were
qualitatively judged to be able to withstand a PC-2 seismic or wind event per Reference
17. No modifications to tanks and cells are necessary since cells are capable of
containing spills during PC-2 events. Process jumpers/piping could fail during a seismic
event resulting in a spill within the cells. By virtue of the location of the process
jumpers/piping within the cells, a wind event will not result in a spill. Following a seismic
event, the cell covers will restrict air exchange between the cell and the building to
minimize the spread of airborne contamination from the cells.
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512-6S Facility (Laboratory) Cost/Benefit Analysis Justification

The 512-6S facility currently has no installed active confinement ventilation system, System
Design Authority engineers identified modifications to provide a new ventilation system to meet
the Table 5.1 criteria. The details of these modifications are documented in Reference 17.

A cost benefit analysis was previously performed for the 512-6S Laboratory Facility ventilation
system (Ref. 9). The confinement ventilation system was removed since the CW dose
consequences were less than 1.5 mREM. Reinstallation of ventilation and support systems to SS
criteria would entail the installation of a complete new confinement ventilation system. Installation
of a facility stack, HEPA filters, fans, ductwork, backup power, airlocks, instrumentation and
controls provides benefit for the CW only during a seismic event. Laboratory modifications are
estimated to cost approximately $5.5 million.
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Conclusion

The 241-96H and 512-S ARP facilities have active confinement ventilation systems that are functionally
classified as PS and meet the PC-1 criteria for applicable NPH events. This functional classification is
based upon the low radiological and chemical consequences to both 100-m on-site and off-site receptors
from postulated events as evaluated in the CHA for each facility (Ref. 1, 2 and 3). These unmitigated
consequences were calculated using a leak path factor of 1.0 (i.e., no credit was taken for any of the
active confinement ventilation systems or passive design features).

The Facility Evaluation Team evaluated the active confinement ventilation systems at 241-96H and 512-S
Facilities, and the 512-6S Laboratory in accordance with the Ref. 8, using the SS Table 5.1 criteria due to
the Hazard Category 2 inventory levels. PC-2 criteria were used to assess functionality for applicable
NPH events. The evaluation identified gaps and the scope of the modifications required to close these
gaps were developed. Based upon the proposed modifications, scoping estimates were developed.

A cost/benefit analysis was performed for the modifications that would be necessary to close the gaps for
each facility. Replacing PC-1 ventilation ductwork, HEPA filters, fans, and enclosures with PC-2 rated
components would not be effective for post accident mitigation without providing seismically qualified
back up power and its associated components and instrumentation. Conversely, building and
instrumentation gap closures would not be effective without changing the ventilation system to PC-2 and
providing PC-2 qualified backup power. Therefore in order to obtain a benefit, all discretionary gaps
would have to be closed concurrently.

Table 4.3 (Ref. 10) identified the following events: spills, deflagrations, seismic, and wind. it was
determined that all events from the Table 4.3 submittal are very unlikely with the exception of spills.
Process spills (non-NPH) would be contained within cells and current HEPA filtered ventilation systems
will provide confinement without modifications.

The building, process cells and tanks were qualitatively evaluated and judged to be able to withstand
PC-2 NPH events (Ref. 17). By virtue of the location of the process jumpers/piping within the cells, a
wind event will not result in a spill. In a PC-2 seismic event, spills would still be contained in cells, thus
providing spill containment and gross airborne confinement. Facility event response procedures provide
adequate protection for an NPH scenario in lieu of making any modifications.

Radiolytic decomposition of water produces combustible gases. It would take a period of several weeks
to reach 100% of the Lower Flammability Limit. PVV or nitrogen purge instrumentation and shiftly
surveillances will detect a non-operational system which will be promptly restored or response actions will
provide alternate ventilation per operating procedures. Therefore tank deflagration is considered a highly
unlikely event.

The total cost of modifications is approximately $65 to $80 million and will delay ARP radioactive
operations startup by approximately two years to develop and impiement the modifications. Facility
modifications result in no radiological dose reduction to the public. A modified (PC-2 qualified) ventilation
system would prevent flammable conditions from developing in the tanks and prevent a deflagration, thus
reducing the consequences to the CW from less than 12% to less than 4% of the CW dose criterion. The
CW consequences would be further reduced from less than 4% to less than 1% of the CW dose criterion
due to active HEPA filtration following a spill. The actual risk reduction for the CW is not significant based
upon the fact that the unmitigated consequences at 100-m do not challenge the 100 rem dose criterion.

Based upon the results of this evaluation the Facility Evaluation Team recommends that no modifications
be made to the ARP ventilation systems. Given the lack of dose reduction to the public, insignificant dose
reduction to the CW, facility event response procedures, high cost of implementation, significant impact to
the startup schedule, and the short ARP operating life, the modifications are not recommended to be
implemented.
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Don Blake — DOE-SR, AMWDP/WDED, Safety System Oversite

Donald J. Blake is a Nuclear Engineer in the Department of Energy Savannah River Operations Office, Waste Disposition
Project, Engineering Division. He has over 20 years of engineering experience in the nuclear field. He holds a Bachelor of
Science in Mechanical Engineering from West Virginia University. His primary responsibilities include safety system oversight
of the Tank Farm Facilities and review of Tank Farm safety basis documents. In addition, he provides oversight of the
engineering activities associated with the Waste Disposition Project. He has participated on several readiness reviews for
High Level Waste Facilities, focusing on the safety basis and engineering related activities such as design, testing, and
maintenance. Prior to-joining DOE in 1994, Mr. Blake held positions in the Nuclear Engineering Department of the Charleston
Naval Shipyard, including Shift Refueling Engineer, Assistant Chief Refueling Engineer, Nuclear Reactor Refueling Equipment
Branch Chief, and Nuclear Performance Assessment Division Head.

Walter Isom - WSRC, Integrated Salt Projects Chief Engineer

Walter Isom has a Bachelor of Science Degree in Mechanical Engineering. He has 25 years experience at SRS in design
engineering, system engineering, operations and maintenance. During his tenure at SRS he has been a system engineer and
engineering manager for the ventilation systems of the Canyon and B-line facilities in the Separations Area. He is currently
the Salt Deposition Program Chief Engineer.

Andrew Tisler - WSRC. ARP Engineering Manager

Andrew Tisler has a Bachelor of Science Degree in Physics and has over 19 years engineering experience in the safety,
regulatory and nuclear field. He has been a system engineer, regulatory engineer, Shift Technical Engineer, the Plant
Engineering Manger for one of SRS’s Tank Farms and is currently the Design Authority Manager for the Actinide Removal
Process — Capacity Enhancement project.

Eric Monaco — WSRC, Tank Farm Ventilation Subject Matter Expert (241-96H)

Eric Monaco holds a Bachelor of Science in Mechanical Engineering from the University of South Carolina and has 7 years
experience working with the Tank Farm ventilation systems. Eric is the H-Tank Farm Ventilation Design Authority (DA)
responsibly for technical reviews, configuration control, USQs, environmental compliance reviews and protection of the facility
design basis. Eric provides day-to-day mechanical engineering field support to the WSRC H-Tank Farm and resolves
emergent Operations and Maintenance issues within the facility. He provides engineering support for nitrogen inerting
systems, waste tank ventilation systems, pump pit and diversion box ventilation systems. Eric also provides engineering
support for maintenance activities including work package and procedure review and approval, design modification review and
approval, performance trending and resolution of technical issues.

Anthony Colbert - WSRC, DWPF Ventilation Design Authority (DA) Engineer (512-S)
Anthony Colbert enlisted in the US Navy's Nuclear Power Program, where he served in the Nuclear Submarine Force.

Anthony has worked at the Defense Waste Processing Facility (DWPF) at the Savannah River Site (SRS) for the last 8 years.
He has experience in nuclear power plant operation, electrical power generation and distribution, electrical equipment
maintenance, technical training, procedure writing and mechanical systems engineering. Anthony currently serves as an
HVAC and Chilled Water Systems Design Authority Engineer for both the DWPF and the 512-S Facilities at SRS. He has 20
years total experience in the operation and maintenance of nuclear-process-related equipment.

Michael Potvin — WSRC, DWPF DA Ventilation Engineer (512-S)

Michael Potvin is a 1985 graduate of Virginia Polytechnic Institute and State University with a degree in Mechanical
Engineering. Mike has been at the Savannah River Site for 21 years. Mike is currently assigned as a Principle Engineer at
the Defense Waste Processing Facility (DWPF) where he is working in the area of safety analysis. While at DWPF, Mike has
also served in the role as a plant/system engineer, Shift Technical Engineer, and Control Room Manager. He has also
worked in the Reactor Works Engineering Department, where he served as a plant engineer specializing in predictive
maintenance and as the manager of the predictive maintenance group.

Nilesh Chokshi — WSRC, DWPF DA Ventilation Engineer (512-S)

Nilesh Chokshi has a Bachelor of Science and Master’s Degree in Mechanical Engineering. He worked as an Engineering
Specialist with Bechtel Savannah River Inc. for 24 years in Design Engineering. Nilesh is currently working as a Mechanical
Engineer in the DWPF Engineering Department. He has a total of 35 years experience in Mechanical Engineering and
specialized in Design, Conceptual Design, Energy Conservation, Field Engineering and Procurement in the HVAC field with a
wide variety of projects including the Tritium Extraction Facility (TEF) and Savannah River National Laboratory (SRNL) projects,
He was Subject Matter Expert (SME) and Energy Conservation expert for the Design Engineering department at SRS.
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Latricia Jones — WSRC, DWPF DA Ventilation Engineer (512-S)

Latricia Jones has a Bachelor of Science Degree in Mechanical Engineering from Michigan State University. She has worked
at the Savannah River Site for 17 years. Latricia's work experience includes chemical receipt and processing, production
computer systems, laboratory remote equipment, compressed gases, procurement, process ventilation, and participation in a
facility startup. Latricia is currently working as the Design Authority for the Remote Sampling System, Flush Water System,
and the Process Vessel Ventilation Systems for both the DWPF and 512-S Facilities at SRS.

Joseph Randazzo — WSMS Safety Analysis Engineer

Joseph Randazzo is a 1978 Graduate of Lynchburg College in Virginia with a Bachelor's Degree in Physics. Joe performed
reactor system design analysis for NSSS vendor Babcock & Wilcox and several nuclear utilities before coming to WSMS. He
has performed nuclear licensing at B&W and TMI. In additioon, he has performed problem resolution for SRS’s H-Tank Farm
and ITP before developing training material and performing as a senior instructor at SRS, Rocky Flats Environmental
Technology Site and Los Alamos National Labs. Joe has 12 years experience working with the NRC, commercial nuclear
utilities and vendors. Joe has 15 years experience working with four DOE Sites as an Engineer, Quality Engineer, Instructor,
Licensing Engineer and procedure writer. Joe is also a consultant for the die cast industry, agricultural industry and an
environmental specialist with a bio-remediation background.
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