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1. INTRODUCTION

An evaluation of the Fission Product Development Laboratory (FPDL), Building 3517,
and its cell ventilation system and its associated strategy is provided in the following sections.

1.1 FACILITY OVERVIEW

Building 3517 (FPDL) is a partially deactivated nuclear facility that no longer has a
programmatic mission and has been transitioned to the Environmental Management Program to
be deactivated and decommissioned. The facility is undergoing transitional surveillance and
maintenance (S&M) and limited deactivation activities until assets are available for final
decommissioning. Although all process-related activities have been discontinued in Building
3517, the facility still contains radioactive and hazardous materials.

Surveillance and maintenance includes activities such as performing facility walk-downs to
detect changing conditions, monitoring the ventilation systems to verify that they are operating
within specified parameters, etc. High-efficiency particulate air (HEPA) and roughing filters are
replaced as required. Radiological surveys are conducted to confirm that migration of radicactive
contamination is not occurring. Radiological monitoring equipment, pressure gauges, liquid level
detectors, and other instrumentation are periodically calibrated. The building sprinkler system is
periodically tested and flushed. The levels in the liquid low-level tanks in the tank farm cells are
monitored and emptied as necessary. The contents of the tanks are discharged to the liquid low-
level waste (L.I.LLW) headers by steam jets.

1.2 FACILITY STRUCTURE

Building 3517 is a two-story, steel and concrete block structure containing operating areas,
service areas, offices, and personnel access areas. A cooling tower supporting the air conditioning
and chilled water systems lies northeast of the building. A third-story, aluminum-sided
superstructure encloses a 20-ton crane, which services the operating cells. The exterior walls of
the first two floors are constructed of 12-inch concrete blocks. The exterior walls of the airfocks
consist of insulated metal siding. The interior walls are either concrete block or gypsum board
construction. The first floor height is 18 fi, and the second floor height is 13.6 fi. A high bay
superstructure enclosure around the 20-ton crane that serves the celis is constructed with insulated
aluminum siding. The high bay height is 48 ft. A rigid steel structure of I-beams and H-columns
is located within the block and aluminum walls. The steel columns are partially embedded in the
walls. The exposed steel is not coated with fire-resistive insulation. The steel framework supports
a metal deck roof. The metal roof deck is covered with built-up overiay consisting of insulation,
tar, and gravel. The roof deck is classified by National Fire Protection Association (NFPA) code
as a Class 2 combustible roof. Metal ladders near the southeast corner of the building and the
northwest corner of the building provides access to the flat roof. Floor assemblies are poured-in-
place concrete. The first floor is slab-on-grade, and the second floor’s concrete thickness varies
from 5 inches to 12 inches. This building is windowless except for windows in doors.
Modifications were made to the building in 1992 based on the findings of a 1989 Seismic
Evaluation to implement recommendations of this study. The building is now expected 10 be able
to withstand a severe earthquake. Utilities for the facility include electrical power, potable water,
process water, steam, and plant air.

General floor plans for Building 3517 are shown in Figs. 1 and 2. The operaling area
consists of nine process cells (numbered 1 through 9), ten manipulator and service celis



(numbered 10 through 18, and 20), and four tank farm cells (numbered 21 through 24). There js
no longer a cell numbered 19. It was completely decontaminated and dismantled in order to allow
placement of electropolisher tanks and controls. The electropolisher is no longer in use and the
power supplies to it have been removed.

The four tank farm cells, cells 21 through 24, and two pipe tunnels are located underground
adjacent to Building 3517. The tank farm cells are outside the building (although inside the
facility footprint) on the north side. The tops of the concrete shield plugs over the cells are
exposed to the environment. '

Cells

The main cell area, cells 1 through 15, is a double cellbiock located on the first level. These
cells are massive, steel reinforced concrete hot cells with 3 to 4-fi thick walls. Access to the cells
consists of removable reinforced concrete plugs in the tops of the cells that open to the high bay.
Cell 15 also has a small access door that is on its south wall. Individual cells are separated from
each other by two-ft thick concrete walls. The four tank farm cells (21 through 24) are located
underground and adjacent to the main building structure and are shielded by the equivalent of 4-ft
of concrete. The low-level service ceils, cells 16, 17, 18, and 20, and the service area have less
shielding.

1.3 CONFINEMENT SYSTEMS

Building 3517 is served by two ventilation systems: the Cell Ventilation System (CVS) and
the Process Off-Gas System (POG). The CVS provides negative pressure to the hot cells. In-
leakage into the hot cells keeps the rest of the building (except the airlocks) under negative
pressure relative to the outside pressure. An air inlet damper located on the west side of the
second level acts as a vacuum relief device, preventing pressure within the building from
becoming too negative. The building is sealed and equipped with airlock entries for personnel and
vehicles. The air-lock doors are gasketed. Cell ventilation exhaust air passes through 30 inch
diameter concrete ducts to the filters in the underground f{ilter pit, Building 3547, and Building
3548 filter houses. The exhaust then passes through 30 inch diameter metal ducting to the
Building 3623 filter house prior to being discharged through the ORNL 3039 stack. The filters in
Building 3623 are HEPA filters. The filters in Buildings 3547 and 3548, while HEPA filters, are
considered roughing filters. Exhaust fans are part of the ORNL 3039 stack ventilation system.
The 3517 CVS boundary ends with the outlet dampers from the 3623 filter house. A schematic
diagram of the CVS is shown in Fig. 3.

The process off-gas (POG) system keeps the LLLW tanks in Cells 23 and 24 under negative
pressure with respect to Cells 23 and 24, inhibiting migration of contamination from the tanks
into the cells. Exhaust from the process off-gas system goes to the scrubber in Building 3092 and
then exhausts through the ORNL 3039 stack. The 3517 process off-gas system ends where the
ducts exit the building. Building 3092 is not considered part of Building 3517, is not analyzed in
or credited in the DSA.

3517 Cell Ventilation System
in accordance with Limiting Condition of Operation {(LCO) 3.1.1 (Building 3517 Cell

Ventilation System) of the Building 3517 TSR, an OPERABLE Cell Ventilation System consists
of the following:



The differential pressure between each Manipulator Hot Cell (10F, 10W, 11, 12, 13, 14E,
14W and 15) in an applicable MODE (OPERATION or STANDBY) and the operating .
area of Building 3517 shall be greater than or equal to 0.3 inches w.g. {except when a
Manipulator or Process Hot Cell cover is removed),

A local alarm for the Manipulator Hot Cells low differential pressure (except when a
Manipulator or Process Hot Cell cover is removed or if no manipulator cells are in an
applicable MODE),

The differential pressure between the interior of Building 3517 and the outside air
pressure shall be greater than or equal to 0.1 inches w.g. on all four (4) differential
pressure instruments,

The differential pressure across each of the two (2) on-line Building 3623 HEPA Filter
stages shall be greater than or equal 1o 0.5 inches w.g., and less than or equal to 5 inches
w.g., and

Each on-line Building 3623 HEPA Filter stage efficiency shall be greater than or equal to
90%.

The DSA and TSR identify the negative pressure in the manipulator cells and building, as
well as the 3623 HEPA filters as credited safety controls. The following CVS components playa
significant role in maintaining this credited safety system. Alteration or failure of these
components could adversely affect the ability of the system to perform its safety function.

*» ®» o = 9

the manipulator hot cells,

the system inlet air damper located above Cell 15,

the manipulator hot cell differential pressure (DP) gauges and associated low-limit
alarm®*, .

the secondary confinement DP gauges*,

the ventilation ductwork from the manipulator cells to the 3623 HEPA filter housings,
the 3547 filter house and inlet damper from manipulator hot cells,

the 3548 filter housing and outlet dampers,

the 3623 HEPA filters,

the 3623 filter housing and inlet and outlet dampers,

the 3623 HEPA filter stage DP gauges*.

* denotes components credited in the DSA and TSR.

The following CVS components play a support role in maintaining this credited salety
systemn as a control.

L ]

The process kot cells
The ductwork to the process hot cells, including dampers.

The following components have no role in maintaining this credited safety system as a

control,

. & 8

the process hot cell DP gauges and alarms,
the building DP pressure switches and alarms.,
all in-cell filters**,

the 3547 filters**,



+ the 3547 filter DP gauges,
¢ the 3548 filters**, and
* the 3548 filter DP gauges.

#* their role as a filtration device has no effect; their role as a variable resistance element in
the duct system could have an effect, (i.e., when loaded).

The negative pressure of the hot cells (process and manipulator) relative to operating areas
of the building provides the primary confinement of the building. The ORNL CVS (supplied from
the plant stack area) creates this negative pressure. Each cell is equipped with a differential
pressure gauge that is read by the facility operations personnel to verify that the cells are
providing adequate confinement. The gauges are equipped with audible alarms that provide
warnings of differential pressure loss in the cell. In addition, the gauges are calibrated in
accordance with facility requirements. The manipulator hot cell airflow is directed to the exhaust
portion of the ventilation system. The exhaust is routed through one of two paralle]l HEPA filter
banks, each equipped with two filter stages. HEPA filters provide reduction of radioactive
particulate emissions. Fach HEPA filter stage is capable of providing the necessary filtering and
confinement function during Building 3517 operations. The HEPA filter stages are routinely leak
tested to determine the adequacy of the filtering function.

Secondary confinement (negative pressure differential of the building relative to the outside
atmosphere) in Building 3517 is provided by air in-leakage into the manipulator and process cells
(provided by cell ventilation). The building is maintained at a negative pressure relative to
atmosphere. The building is equipped with differential pressure gauges at multiple locations that
are used to monitor secondary confinement. The differential pressure gauges are calibrated in
accordance with facility requirements. Exhaust from the CVS receives HEPA filtration, thereby
mitigating consequences to on-site workers and the public from releases inside the building by
removing most of the airborne contamination
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1.4 MAJOR MODIFICATIONS

There are no major modifications or mission changes planned for this facility at this time.



2. FUNCTIONAL CLASSIFICATION ASSESSMENT

2.1 EXISTING CLASSIFICATION

The system is currently classified as a safety significant system in the Documented Safety
Analysis (DSA).

2.2 EVALUATION

The system was evaluated per Deliverable 8.5.4 and 8.7 of the Implementation Plan for
DNEFSB 2004-2, Ventilation System Evaluation Guidance for Saferv-Related and Non-Safery — .
Related Systems. Table 4.3 from the guidance was completed, provides the information collected
for the classification review, and is attached as Appendix A.

The determination of bounding unmitigated consequences presented in the DSA was
reviewed by the Facility Evaluation Team (FET). It was determined that the quantitative dose
consequences are determined in accordance with DOE-STD-3009-94 and do not challenge the
evaluation criteria. Specific performance criteria include maintaining sufficient DP across the
3517 building and the 3517 cells, the 3517 Building and the outside pressure, and across the
Building 3623 HEPA filter stages are included in the TSR in an LCO. In addition to the
differential pressures, operability of the CVS depends on the audibility of the 3517 cell DP alarm
as well as HEPA filter efficiency.

2.3 SUMMARY

The FET concluded that the CVS, HEPA filtered ventilation system associated ‘with
Building 3517 is appropriately and conservatively classified as safety significant.
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3. SYSTEM EVALUATION

3.1 IDENTIFICATION OF GAPS

The system was evaluated per Deliverable 8.5.4 and 8.7 of the Implementation Plan for
DNFSB 2004-2, Ventilation System Evaluation Guidance for Safety-Related and Non-Safery —
Related Systems. Table 5.1 from the guidance was completed, provides the system evaluation,
and is attached as Appendix B. The facility 3517 CVS was evaluated against the safety significant
criteria defined in the evaluation guidance document.

The following gaps were identified:

¢ Materials of construction.

* No real-time monitoring for final filter breakthrough.

e (VS is not designed or credited to withstand an event where the building, hot cells or
ductwork integrity is lost.

3.2 GAP EVALUATION
3.2.1 Materials of Construction

Some of the ductwork that runs underground is made of Reinforced Concrete Pipe. Though
this material does not specifically meet the recommendation from DOE Handbook for ductwork
(all-welded stainless or carbon steel construction), but has a fairly good resistance to corrosion
and continues to increase in strength with age. The air ducted through these pipes is non-corrosive
ambient air carrying particulate matter, this somewhat reduces the need for the corrosion
protection properties of stainless steel. As such, the identified gap is determined {o be acceptable
based on the similar nature of the material and the fact that non-corrosive air passes through the
ducting.

3.2.2 No real-time monitoring of final filter (Building 3623) break through

The final filter located in Building 3623 has DP gauges monitoring the status of the filter.
These gauges are checked visually on a set schedule (weekly) in accordance with the TSR. The
frequency of the checks is based on engineering judgment, operational history and the fact that
even when radiological material handling is not in progress a potential fire in Manipulator Cell
14E and 14W is still a hazard. Since no activities are routinely conducted in these cells, the
likelihood of a fire event during a weekly period is low. There are currently no audible alarms or
warning lghts that turn on or sound when the credited differential pressure values are exceeded.
The motive power for the CVS comes from a remotely operated focation (Stack 3039).

A filter break through would result in an increase in airflow being evacuated. This would
increase the cell and building DPs, but may not set off the audible alarms associated with the
3517 building and cell differemial pressures. The filter break though would be seen as a much
reduced filter DP on the monitoring gauges and would induce corrective action at next cyclic
inspection.

Modifications to the Building 3623 filter to provide real time monitoring have not been
made and none are planned, primarily due 10 the age and current mission of the facility. The final
filter in Building 3623 is preceded by two sets of non-credited roughing filters located in
underground filter pit (Building 3547) and above ground structure (Building 3548). These filters

11



are HEPA quality filters and as defense-in-depth components serve to reduce/prevent
contamination release through stack 3039 in case of a 3623 filter break through, but are not
credited in the DSA as providing any mitigation to releases. As such, the identified gap is
determined to be accepiable.

3.2.3 CVS is not designed or credited to withstand an event where the building, hot cells or
ductwork integrity is lost

Modifications were made to the building in 1992 based on the findings of a 1989 Seismic
FEvaluation to implement recommendations of this study. The building is now expected to be able
to withstand a severe earthquake. The cells are massive with 4 foot thick concrete walls therefore
the likelihood of a cell being breached is very low. However, the ductwork above and below
ground can be affected by natural phenomenon and be breached. Modifications have not been |
made to the existing ductwork and none are planned, primarily due to the age and current mission
(S&M) of the facility. As the mission of the facility changes 1o deactivation and decommissioning
(D&Y, modifications to the building and system would be re-evaluated. The DSA recognizes
that the building, cells, and ductwork may not survive natural phenomena events and does not
credit the CVS with mitigating the release. As such, the identified gap is determined to be
acceptable.

3.3 MODIFICATIONS AND UPGRADES

No modifications are recommended at this time primarily due to the age, current mission and
future plans to deactivate and decommission the 3517 facility. The identified gaps in the criteria
are considered acceptable because of the non-corrosive air passing through the system, periodic
monitoring of the credited filters, and the system is not credited with withstanding events where
the building or cells are damaged (not considered to be mandatory based on the DSA).

12



4. CONCLUSION

In conclusion, the CVS for Building 3517 is conservatively managed as a safety significant
system. While there are some gaps identified from the ventilation evaluation criteria comparison,
the associated criteria were not considered mandatory and these issues are adequately addressed
in the current configuration and operation.

13
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Table 4-3 Data Collection Table Explanations

Justification for Safety Significant Designation of CVS versus Safety Class
Designation

The guidance provided by the U.S. Department of Energy with respect to the CVS
evaluation was provided in Ventilation System Evaluation Guidance for Safety-Related and Non-
Safety-Related Systems. This guidance provides information and direction for completing the
Data Collection Table shown previously. With respect to the classification of the Cell Ventilation
Systemn (CVS), the DOE guidance states that if the bounding unmitigated dose challenges the
Evaluation Guidelines (i.e., is in the range of 1-25 rem) and the classification is not safety class,
provide the rationale/justification in an attachment for the lesser classification.

The unmitigated doses calculated in the Documented Safety Analysis for 3517 range from
0.3 rem to 1.0 rem. These doses were determined utilizing calculations consistent with the
requirements of DOE-STD-3009, utilizing dispersion parameters corresponding to 95%
meteorology conditions for Oak Ridge National Laboratory, as well as a Damage Ratio and Leak
Path Factor of 1.0. The CVS in the DSA for 3517 is classified as a Safety Significant ventilation
system. As such, this attachment is included to provide the rationale and justification for
classifying the CVS at for 3517 as Safety Significant instead of Safety Class. The events of
interest in this classification are provided in the following discussion.

Loss of Container Drop While Lifting a Cask/RTG 1o or from the High Bay (FPDL-6)

This event is a dropped cask or Radioisotope Thermoelectric Generator (RTG) as it is being
lifted from ground level into the high bay or lowered from the high bay to the ground level (either
into a maniputator cell or to First Level West). This event is mitigated by the controlling the casks
{ORNL Buik Isotope and Schaich} as design features, and the CVS.

ORNL Bulk Isotope Cask and Schaich Cask/RTG are design features that provide
considerable physical protection for the sources stored within it. It is judged that this cask will
maintain confinement of at least 90% of its contents following a drop from a height between 20
and 30 ft. thereby reducing the DR for this cask from 1.0 (unmitigated) to 0.1 (mitigated).

The cell ventilation system is credited since airborne material released inside the cell is
exhausted through the CVS. Specifically High Efficiency Particulate Air (HEPA) filtration and
the CVS negative pressure are credited.

s  The CVS maintains a pressure differential between the hot cells and the areas that
surround the hot cell structure. This pressure differential ensures that the direction of
airflow is from the operating areas into the hot cells, protecting workers in the
operating area from airbome material inside the not cells. The differential pressure
assists in the control of airborne contaminants that might be present during work
activities within the facility and keeps contaminants from migrating outside 3517.

s  The HEPA filters of the CVS are designed to remove 99.97% of the airborne
particulates. However, the analysis conservatively assumes that only 90% of the
respirable particulates are removed.

A release in a cell is vented by the CVS5, through the HEPA filter and stack before being
released to the environment. The confinement of the cell protects the facility worker while the
HEPA filter and release from the stack will dilute the release and protect the collocated worker
and public. The Continvous Air Monitors (CAMs) and Facility Radiation Monitoring System
(FRMS) are relied on to alert workers in other arcas of the building to promptly evacuate,
reducing the consequences to the collocated worker. The analysis used for this event is discussed
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in more detail in this section to demonstrate the conservative nature of the analysis that led w0
classifying the CVS as Safety Significant and not Safety Class,

The ventilation system on-line HEPA filter stages are used to filter airborne contamination
prior to exhausting the ventilation air to the atmosphere. The filtering efficiency is periodically
evaluated to ensure the filtering function is within assumed limits. The HEPA filters of the cell
ventilation system are designed to remove 99.97% of the airborne particulates. The analysis
conservatively assumes that they only remove 90% of the respirable particulates. Therefore, by
crediting the negative pressure and HEPA filtration, the LPF for this event is reduced from 1.0
{unmitigated) to 0.1 (mitigated).

The maximum dose to the public for Event FPDL-6 is estimated to be about 0.4 rem. The
event involves either the Bulk Isotope or Schaich Cask/RTG. This dose is not considered: to
challenge the guideline when consideration is taken for the conservatism buiit into the analysis.
The multiple conservatisms built into this estimate (e.g., assuming the most heavily loaded cask is
involved, not crediting the source cladding, neglecting the confinement provided by the building,
assuming a ground instead of a stack release, etc.) as well as remaining consistent with the
methodology of DOE-STD-3009, could result in a reduction of the dose by an order of
magnitude.

Cell 10 Spill Event (FDPL-7)

This event is a spill of all the sources in Cell 10. This event is mitigated by the cell
ventilation system since airborne material released inside the cell is exhausted through the CVS.
Specifically HEPA filtration and the CVS negative pressure are credited.

¢ The CVS maintains a pressure differential between the hot cells and the areas that
surround the hot cell structure. This pressure differential ensures that the direction of
airflow is from the operating areas into the hot cells, protecting workers in the
operating area from airbome material inside the not cells. The differential pressure
assists in the control of airborne contaminants that might be present during work
activities within the facility and keeps contaminants from migrating outside 3517.

o The HEPA filters of the CVS are designed to remove 99.97% of the airborne
particulates, However, the analysis conservatively assumes that only 90% of the
respirable particulates are removed.

A release in a cell is vented by the CVS, through the HEPA filter and stack before being
released to the environment. The confinement of the cell protects the facility worker while the
HEPA filter and release from the stack will dilute the release and protect the collocated worker
and public. The analysis used for this event is discussed in more detail in this section to
demonstrate the conservative nature of the analysis that led to classifying the CVS as Safety
Significant and not Safety Class.

Most of the sources in the cell are kept in the storage well, where they are not vulnerable to
being spilled. However, since there is no mechanism to prevent all of the sources in the cells from
being ouiside the storage well, the consequences of this event are conservatively based on the
bounding spill involving 100% of the sources potentially present in the cell. However, when
evaluating the frequency of spill events, all types of spill events are considered, not just the
improbabie spill involving all of the sources. This event is conservatively assumed to occur after
the barricade bottles from Building 3038 have been brought to Building 3517, and that all of the
barricade bottles are being staged in Cell 10 at the time of the accident.

The maximum dose to the public for Event FPDL-7 is estimated 1o be about 1.0 rem. The
event involves all of the cask sources (approximately 70,000 Ci *°Sr EID) and the contents of the



barricade botties (approximately 700 Ci *Sr EID), as well as the sources currently stored in the
Cell 10W storage well (approximately 70,000 Ci **Sr EID). This dose is not considered to
challenge the guideline when consideration is taken for the conservatism built into the analysis,
The multiple conservatisms built into this estimate (e.g., assuming all of the sources are involved,
not crediting the source cladding, neglecting the confinement provided by the building, assuming
a ground instead of a stack release, etc.) as well as remaining consistent with the methodology of
DOE-STD-3009, could result in a reduction of the dose by an order of magnitude.

Localized Fire in Cell 14E/14W (FPDL-27)

This event is a fire origmating within manipulator Cells 14E and 14W that does not
propagate outside Cells 14E and 14W. These celis contain appreciable quantity of radioactive
combustibles. This event is mitigated by the CVS. The CVS is credited since airborne material .
released inside the cell is exhausted through the CVS. Specifically HEPA filtration and the CVS
negative pressure are credited.

¢ The CVS maintains a differential pressure across the secondary confinement (the
physical boundary separating the interior of Building 3517 from the outside). The
differential pressure assists in the control of airborne contaminants that might be
present during work activities within the facility and keeps contaminants from
migrating outside of Building 3517.

e The HEPA filters of the CVS are designed to remove 99.97% of the airborne
particulates. However, the analysis conservatively assumes that only 90% of the
respirable particulates are removed.

A release in a cell is vented by the CVS, through the HEPA filter and stack before being
released to the environment. The confinement of the cell protects the facility worker while the
HEPA filter and release from the stack will dilute the release and protect the collocated worker
and public. The analysis used for this event is discussed in more detail in this section to
demonstrate the conservative nature of the analysis that led to classifying the CVS as Safety
Significant and not Safety Class.

The ventilation system on-line HEPA filter stages are used to filter airborne contamination
prior to exhausting the ventilation air to the atmosphere. The filtering efficiency is periodically
evaluated to ensure the filtering function is within assumed Hmits. The HEPA filters of the cell
ventilation system are designed to remove 99.97% of the airborne particulates. The analysis
conservatively assumes that they only remove 90% of the respirable particulates. Therefore, by
crediting the negative pressure and HEPA filiration, the LPF for this event is reduced from 1.0
(unmitigated) to 0.1 (ntigated).

Since the fire occurs in a cell workers in other parts of the facility may not immediately
aware of the fire and need to evacuate. As such, the CAMs and FRMS are credited for alerting
facility workers to evacuate on high airborne in the facility.

The maximum dose to the public for this event is estimated to be about 0.3 rem. The event.
involves of the containerized trash in Cells 14E and 14W (approximately 5,000 Ci **Sr EID) and
all of the radicactive contamination in Cells 14E and 14W (approximately 1,000 Ci **Sr EID).
This dose is not considered to challenge the guideline when consideration is taken for the
conservatism built into the analysis. The multiple conservatisms built into this estimate (e.g.,
assuming the all of the containers in the cell are burned, neglecting the confinement provided by
the building, assuming a ground instead of a stack release, etc.) as well as remaining consistent
with the methodology of DOE-STD-3009, could result in a reduction of the dose by an order of
magnitude.
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Dropped Cask Breaks Through a Hot Cell Shield Plug (FPDL-44)

This event is a dropped cask over a hot cell shield plug. A cask being camried by the High
Bay crane is dropped, lands on one of the hot cell shield plugs, and breaks through the shield
plug. The cask and the rubble from the shield plug would then tumble to the bottom of the hot
cell. This event is mitigated by the controlling the height of cask/RTG transfers, restricting RTG
movement over manipulator cell shield plugs, the casks (ORNL Bulk Isotope and Schaich) as
design features, and the CVS.

Restricting cask/RTG lifts to heights of less than 1 foot in the High Bay will reduce the
probability of a cask breaking through a shield block, since the DSA states that such falls would
not significantly damage the shield blocks. The requirement that casks not be carried over the
shield blocks of manipulator cells reduces the probability of dropping a cask through a
manipulator cell shield plug to beyond extremely unlikely, thereby excluding the inventory of the
manipulator cells from event. Consequently, the mitigated Material At Risk (MAR) for this event
is reduced to the contents of the dropped cask

ORNL Bulk Isotope Cask and Schaich Cask/RTG are design features that provide
considerable physical protection for the sources stored within it. It is judged that this cask will
maintain confinement of at least 90% of its contents following a drop from a height between 20
and 30 i, thereby reducing the DR for this cask from 1.0 (unmitigated) to 0.1 (mitigated).

The cell ventilation system is credited since airbome material released inside the cell is
exhausted through the CVS. Specifically HEPA fltration and the CVS negative pressure are
credited.

+ The CVS maintains a differential pressure across the secondary confinement (the
physical boundary separating the interior of Building 3517 from the outside). The
differential pressure assists in the control of airborne contaminants that might be
present during work activities within the facility and keeps contaminants from
migrating outside of Building 3517,

+ The HEPA filters of the CVS are designed to remove 99.97% of the airbome
particulates. However, the analysis conservatively assumes that only 90% of the
respirable particulates are removed.

A release in a cell is vented by the CVS, through the HEPA filter and stack before being
released to the environment. The confinement of the cell protects the facility worker while the
HEPA filter and release from the stack will dilute the release and protect the collocated worker
and public. The analysis used for this event is discussed in more detail in this section to
demonstrate the conservative nature of the analysis that led to classifying the CVS as Safety
Significant and not Safety Class.

The ventilation sysiem on-line HEPA filter stages are used to filter airborne contamination
prior to exhausting the ventilation air to the atmosphere. The filtering efficiency is periodically
evaluated to ensure the filtering function is within assumed limits. The HEPA filters of the cell
ventilation system are designed to remove 99.97% of the airborne particulates. The analysis
conservatively assumes that they only remove 90% of the respirable particulates. Therefore, by
crediting the negative pressure and HEPA filtration, the LPF for this event is reduced from 1.0
(unmitigated) to 0.1 {(mitigated).

The source term reduction created by the cask and restrictions against carrying a cask over a
manipulator shield plug reduce the radiological dose rate to the point where facility workers could
avoid significant consequences by promptly evacuating (DR 0.1). The nature of the event would
make facility workers in the immediate area of the accident immediately aware of the need o



evacuate. The CAMs and Facility Radiation Monitoring System would alert workers in other
areas of the building who were not immediately aware of the release of the need for prompt
evacuation, significantly reducing the consequences to facility workers.

The maximum dose to the public for these events is estimated to be about 1 rem. The event
involves dropping a cask through the Cell 10W shield plug. Cell 10W is the cell with the largest
inventory of radioactive material. The inventory assumes that the cask sources (approximately
70,000 Ci *°Sr EID) and the contents of the barricade bottles (approximately 700 Ci *Sr EID), as
well as the sources currently stored in the Cell 10W storage well (approximately 70,000 Ci *°Sr
EID). This dose is not considered to challenge the guideline when consideration is taken for the
conservatism built into the analysis. The multipie conservatisms built into this estimate (e.g.,
assuming all of the sources are involved (including the barricade bottles from Building 3038), not
crediting the source cladding, neglecting the confinement provided by the building, assuming a
ground instead of a stack release, etc.) as well as remaining consistent with the methodology of
DOE-STD-3009, could result in a reduction of the dose by an order of magnitude.,

Regarding when Building 3517 CVS is not expected to act as a Safety System

As discussed in Section 4.4.1.2 (System Description) of the DSA, the Cell Ventilation
System may be unable to perform its intended safety functions if the building structure or hot cell
structure are heavily damaged. Therefore, the system is not expected to fulfill its safety functions
during events in which the building structure or hot cell structure could potentially be heavily
damaged. As such, the Cell Ventilation System is not credited during the seismic event (FPDL-1),
tornado (FPDL-2), large fire (FPDL-10), aircraft crash (FPDL-16), natural phenomena-induced
fire (FPDL-17), explosion (FPDL-18/19), and roof collapse (FPDDL-21) scenarios. Additionally,
the destruction of the cell shield plug during event FPDL-44 could prevent the cell ventilation
system from being able to sustain the negative pressure in the cells with respect to the ambient
pressure in the building. Therefore, for event FDPL-44, only the HEPA filtration and the negative
pressure in the building with respect to the outside environment are credited.

During localized fire inside hot cells, the Cell Ventilation System is not expected to be able to
maintain the direction of airflow from the building into the hot cells for a prolonged period, since
the soot from the fire would plug the ceil’s roughing filters and the heat created by the fire could
cause the cells to pressurize. However, a small localized fire is not expected to produce sufficient
soot to plug the main filters in Buildings 3547, 3548, and 3623. Therefore, the Cell Ventilation
System is expected to be able to maintain the direction of airflow between the building and the
environment into the building, and is credited with doing so in event FPDL-27 (localized fire in
Cell 14E/W). The other two events for which the Cell Ventilation System is credited (FPDL-6,
Container Drop While Lifiing a Cask/RTG to or from the High Bay, and FPDL-7, Cell 10 Spill
Event) are not expected to create any non-ambient environmental stresses that could potentially
affect the opera
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Field Evaluation Team Biographical Sketches

Ross Harding

Nuclear Facility Safety Deployed lead for the General Maintenance / Surveillance and
Maintenance organization.

Mr. Harding holds a BS Degree in Oceanography with minors in Physics and Ocean Engineering
from the United States Naval Academy and a MS Degree in Financial Management from
Rensselear Polytechnic Institute. He is a member of the Nuclear Facility Safety organization with
over 30 years experience in managing nuclear reactor and non-reactor facility operations.

Sohail Aslam

Ventilation System, Subject Matter Expert

Mr. Aslam holds a BS Degree in Mechanical Engineering from University of Wisconsin,
Madison, and an MS Degree in Engineering Management from the University of Tennessee in
Chattanooga. He is a licensed Professional Engineer with over 25 years experience in the design
and evaluation of industrial and nuciear ventilation systems and their controls.
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1. INTRODUCTION

1.1 FACILITY OVERVIEW

The Molten Sait Reactor Experiment (MSRE) was originally operated as a concept test for the use of
molten salt containing uranium as the fuel for the reactor. The reactor operated in the late 1960s and was
shut down in 1969. At that time, the fuel sait was removed from the reactor and stored in two fuel drain
tanks in the facility. Flush salt was run through the reactor to remove residual uranium and stored in the
fuel flush drain tank. These drain tanks are located in a below grade cell next to the reactor cell. The fuel
and flush salt was allowed to cool and solidify. The Containment Ventilation System (CVS) was designed
to vent the secondary containment structures, principally the reactor cell, drain tank cell and other service
cells, during the reactor experiment. The system continued to operate in this capacity until the current fuel
salt disposition (FSI)) project was initiated to remove the uranium from the salts. The CVS was augmented
to provide secondary confinement for process equipment. The process equipment includes the equipment
to sparge the salt, remove the fuel as uranium hexafluoride (UF,), and trap the UF,.

The CVS is credited in the MSRE Technical Safety Requirements (TSR) for ventilation of eight
confinement enclosures containing process piping and equipment. These enclosures are located in
operating areas and are vented to mitigate potential exposures to facility workers should there be a release
of hazardous process gas inside the enclosure. One important note about the MSRE CVS involves the
name “containment” ventilation system. The credited function of the CVS is more as a confinement system
in that it does not necessarily contain all releases into its ducts and enclosures.

The CVS enclosures are steel cabinets and glove boxes. The exhaust ducts from these enclosures are
steel pipes which connect to the original steel ductwork of the CVS. There are three main (last-in line)
parallel filter banks located outside the process building in concrete beds. Each bank consists of a bank of
roughing filters and a bank of High Efficiency Particulate Air (HEPA) filters. The filter banks are
- connected to two fans which exhaust to a single 100 ft. stack. The system generally operates with two filter
banks in service and one fan operating.

1.2 CONTAINMENT VENTILATION SYSTEM/STRATEGY

The MSRE CVS is credited to protect facility workers from potential releases of hazardous gases
(e.g., F>, HF, and UFq). Since release of significant quantities of process gases is possible only during
certain fuel disposition processes, the CVS is only credited for these specific operations. The applicabie
processes are Fluorination, Hydrofluorination, UF, Transfer, and Reagent Gas [TSR, Limiting Condition
for Operation (LCO) 3.1.1] during Operation mode. The minimum differential pressure associated with
each CVS enclosure is designated to correspond to a ventilation flow rate sufficient to remove any
anticipated release within the enclosure. The CVS enclosure pressures are monitored daily’ when an
applicable process is in Operation Mode. The checks ensure the credited minimum flow exists in the
enclosures. A failure of the CVS results in a loss of vacuum at the main filter pit. The main filter pit is
equipped with pressure switches that initiate an alarm when the vacuum drops to less than 1 in. w.g.

When UF; is released into air, it immediately hydrolyzes to UO-F, and HF., Although UOLF,; is a
solid, it forms as an aerosol. The main HEPA fiiters are credited with reducing the quantity of uranium that
may be released through the stack should there be a UF; refease in the facility. As such, the mntegrity and
efficiency of the HEPA filters in the main filter bank(s) are credited features of the CVS. The differential



pressure across the active HEPA filter banks is monitored daily as 2 measure of the integrity of the HEPA
filters. The efficiency is checked by an annual leak/efficiency test per American Society of Mechanical
Engineers (ASME)/ American National Standards Institute (ANSI) N510 to have an efficiency of 99% or
greater. The differential pressure across the HEPA filters is acceptable in the range 0.2 in. w.g. to 4.0 in.
w.g. The filters in the main bank were installed in 2003 and the fuel disposition project for which they are
credited will be completed in 2008. Dry filters have a recommended service life of 10 years; therefore,
there is no concern with respect to the length of service limit for these filters. It should be noted that, even
though the HEPA filters are credited in the TSR, no specific reduction in consequences due to the presence
of the filters is taken in the Documented Safety Analysis (DSA) or DSA Addendum.

Since the CVS is credited as a mitigative measure to a release, there is no requirement for the system
to automatically recover from upset conditions such as power loss. When the CVS is not operable, the
process system will be placed in or remain in a status which reduces the potential for a release of hazardous
gases. In this status, compressed gas sources will be isolated and recycle pumps will be shut down so that
there is no driver for a release. If a CVS alarm occurs, the facility workers evacuate the process areas and
re-enter to secure the process system (e.g., close gas bottle valves) under strict surveillance and in
accordance with an approved re-entry plan. The plan for restoration of the CVS may be as simple as
switching to the stand-by stack fan.

The MSRE CVS might survive a PC-2 earthquake or a design tornado or wind event. However, this
is a legacy facility that was adapted from one type reactor to another in the 1960°s and its original design
criteria were not the same as those currenily used. An evaluation of the major process building was
conducted and confirmed that the building would survive a PC-2 earthquake. This evaluation supports the
premise that much of the CVS would survive a seismic evenl. However, there is no certification that the
CVS would maintain its function following either a seismic or wind event and the MSRE Safety Basis
does not take credit for the CVS in such event scenarios.

Most of the inlets to the CVS are equipped with some type of filtration. The major exception is the
shielded cells. In nornal operations, the shielding on these cells is in place and minimal air flow occurs
through these spaces. The major building inlet air is filtered, but there are numerous penetrations in the
walls that allow unfiltered air to enter the building. The exhaust ducts in the main process area (high bay)
are filtered with commercial roughing filters. The following CVS enclosures are equipped with inlet and
outlet HEPA filters: RGRS glovebox, utility hood, probe glovebox, hose connection glovebox, and cabinet
M. The sampler/enricher box also has a HEPA exhaust filter. The HF cabinet and passivation cabinet are
equipped with roughing inlet filters but no HEPA filters. Process boundary valves are enclosed in boxes
with inlet HEPA filters. The interconnecting piping is enclosed in neoprene impregnated, wire reinforced,
fiberglass ductwork. This ductwork exhausts through the six-vaive manifold box and then through an
exhaust HEPA filter into the main CVS header. The ducts supply the inlet air to the six-valve manifold box
to sweep away any release within this enclosure. The CVS is not credited with mitigating releases of
process gas from the process lines enclosed in the fiberglass ductwork.

The MSRE CVS is a manually operated system. The system is balanced and all enclosures are set to
meet their required pressure differential. As inlet/outlet filters load, a damper may be adjusted to maintain
the required differential pressure in the affected enclosure, Preventative maintenance on the filters ensures
they are changed before they challenge the differential pressure limits in the Safety Basis. Baftles can also
be manipulated to compensate for loading on the main filter banks. Again, preventative maintenance
ensures the filters are changed out 10 correct loading on the main filters.

The CVS is credited for removal of hazardous gas releases in the eight specified enclosures in the
MSRE FSD process systems. The CVS enclosures are safety significant System, Structure, and
Components (SSCs) and designated as Design Features. The stack is also a Design Feature. The LCO
(3.1.1) requires specific differential pressures be maintained for the credited enclosures. The LCO also
requires the main HEPA filter banks to (a) be maintained in a specified range of differential pressure, (b)

[ P]



be tested for particle retention efficiency annually, and (c) be maintained in a configuration where at least
one HEPA filter bank is in service for FSD operations in which UF, could be released. The stack fans and
motors, including the motor starters, are considered Configured Items and serve as Defense-in-Depth
controls. The remainder of the system (e.g., cell ventilation, ductwork, internal system filters, baffles, etc.)
are not considered safety significant SSCs. Once the uranium is removed from the facility (scheduled to be
completed in 2008) the CVS will no longer be a safety significant system.

1.3 MAJOR MODIFICATIONS

There are no major modifications planned for this facility at this time. However, once the fuel is
removed from the salts, the CVS will no longer serve as a safety significant SSC.
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2. FUNCTIONAL CLASSIFICATION ASSESSMENT

2.1 EXISTING CLASSIFICATION

The MSRE CVS is currently ciassified as a safety significant system in the DSA. Once the uranium
and hazardous gases are removed from the facility (estimated to occur in 2008), the CVS will no longer be
considered a safety significant system.

2.2 EVALUATION

The MSRE CVS was evaluated per Deliverable 8.5.4 and 8.7 of the Implementation Plan for Defense
Nuclear Facilities Safety Board (DNFSB) 2004-2, Ventilation System Evaluation Guidance for Safety-
Related and Non-Safety —Related Systems. Table 4-3 from the guidance document has been completed to
provide the information collected for the classification review and is attached in Appendix A.

The determination of bounding unmitigated consequences presented in the DSA was reviewed by the
Facility Evaluation Team (FET). The review concluded that the quantitative dose consequences are
determined in accordance with U.S. Department of Energy (DOE)-Standard (STD)-3009-94 and do not
challenge the evaluation guideline for the public and co-located workers.

The MSRE CVS is identified in the MSRE Safety Basis Documents as a safety significant system
which is credited with reducing the consequences to facility workers during hazardous gas releases.
Specific performance critenia include maintaining differential pressures within the credited enclosures and
across HEPA filters in the main filter pit. Quantitative filtering efficiency criteria are also credited in the
TSR. HEPA filter efficiency testing is based on ASME/ANSI N510, Section 10 per Oak Ridge National
Laboratory procedure FD-T-SSI 150, Rev 0. The controls associated with the MSRE CVS are part of a
suite of controls designed to limit the exposure of facility workers to the hazardous process gases involved
in the removal of fuel from the stored salts.

2.3 SUMMARY

The FET conciuded that the MSRE CVS is appropriately classified as safety significant for specified
FSD processes and mitigative measures.
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3. SYSTEM EVALUATION

3.1 IDENTIFICATION OF GAPS

The MSRE CVS was evaluated per Deliverable 8.5.4 and 8.7 of the Implementation Plan for DNFSB
2004-2, Ventilation System Evaluation Guidance for Safety-Related and Non-Safety —Related Systems.
Table 5.1 from the guidance was completed to provide the system evaluation, and is attached as Appendix
B. The following gaps were identified:

»  CVS does not maintain its integrity for Design Basis Accident (DBA) fire and natural phenomena
hazards (NPH), and

s (VS controis are not fail-safe.

Based on the DSA, the CVS is a safety significant system which is credited for reducing event
consequences for certain potential facility worker exposures. The criteria identified as gaps were not
considered by the FET to be necessary for the MSRE CVS to perform the credited mitigative function.
This conclusion is consistent with the requirements in the MSRE Safety Basis.

3.2 GAP EVALUATION
3.2.1 CVS does not maintain its integrity for all DBAs

The integrity of the CVS cannot be certified for design basis NPH such as earthquakes and tornados.
In addition, the CVS would not sarvive an unmitigated DBA major facility fire. The CVS is not credited
by the Safety Basis to perform any mitigative function for these types of events. The safety of facility
workers is based on prompt evacuation of the process area during these NPH and fire events. Given the
requirements from the MSRE Safety Basis, the identified gap is determined to be acceptable.

3.2.2 Controls are not {ail-safe

The CVS is a manually operated system in that the fans and baffles are manually operated and have
no automatic response to events. The system strategy is based on the mitigative function of the system for
potential accidents. The system is designed to remain operating if there is a release of hazardous gas in the
tacility. There is no event in the MSRE Safety Basis that takes credit for the CVS when a concurrent CVS
failure and release is involved (e.g., earthquake). The MSRE Safety Basis specifically addresses CVS
failures during operations. The TSR requires that access to the affected area is controlled immediately, and
the system 1s restored within 8 hours. If restoring the system cannot be achieved in the prescribed time,
then all reagent gas feed vaives must be closed, uranium transfers suspended, and the affected process
placed in a mode where the CVS is not required. These requirements meet the intent of a fail-safe system.
Given the requirements from the MSRE Safety Basis, the identified gap is determined to be acceptable.



3.3 MODIFICATIONS AND UPGRADES

No modifications are recommended to the MSRE CVS at this time. The criteria that are not met are
not considered to be necessary for the MSRE CVS to perform the credited mitigative function based on the
DSA requirements. The processes for which the CVS is required to be operable will be completed in 2008
and subsequently the CVS will no longer require safety significant status,



4, CONCLUSION

In conclusion, the MSRE CVS is managed as a safety significant system. The CVS is credited for
reducing the consequences to facility workers from hazardous gas releases. While there are two gaps
identified from the ventilation evaluation criteria comparison, the associated criteria were not considered
necessary to meet the requirements in the MSRE Safety Basis and there are no increased consequences
associated with these issues. :
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Justification for Safety Significant Designation of CVS versus Safetv Class Desionation

The CVS at the MSRE facility is credited with minimizing the conseguences associated with
the loss-of-confinement events that result in the release of reagent gases and/or UF,. These loss-of-
confinement accidents involve the failure of the single containment pipes within one of the
secondary confinement enclosures (e.g., the passivation cabinet or HF cabinet). The CVS has not
been credited for other types of events {e.g., fire or natural phenomena) and has not been designed
or evaluated to survive PC-2 natural phenomena events. In addition, no credit is taken for the CVS
stack or filters, except in cases where the accident is an inadvertent release through process
equipment to the CVS {i.e., loss-of-confinement event).

The piping used to transfer UF; at the MSRE facility is of double-walled construction. The
hazardous gases are transferred in the inner section of the piping and the outer annulus is -
pressurized with He gas. The annulus pressure in each section of piping is monitored with a
pressure transmitter. Upon loss of pressure in the annulus, the pressure transmitter activates an
automatic emergency shutdown of the transfer system. Failures of process piping or valves within
secondary confinement enclosures (Cabinet M, Probe glovebox, Hose connection glovebox, 6
Valve manifold glovebox, Reactive Gas Removal System (RGRS) glovebox, Reactor Sample
Enricher Box) are not automatically detected by the emergency shutdown system and will not
result in automatic shutdown. The CVS exhaust mitigates worker exposure to the released gases
inside an enclosure by maintaining airflow through the enclosure, to the MSRE stack. The
required pressure differentials indicate a flow toward the CVS exhaust and sufficient vacuum to
accommodate any release into these enclosures. A High-Efficiency Particulate Air (HEPA) filter
system is provided to filter the aerosol uranium out of the CVS exhaust prior to being discharged
to the atmosphere, thereby reducing exposure to the public and co-focated workers. '

The guidance provided by the DOE with respect 1o the CVS evaluation was provided in
Ventilation System Evaluation Guidance for Safety-Related and Non-Safety-Related Systems. This
guidance provides information and direction for completing the Data Collection Table shown
previously. With respect to the classification of the CVS, the DOE guidance states that if the
bounding unmitigated dose challenges the Evaluation Guidelines (i.e., is in the range of 1-25 rem)
and the classification is not safety class, provide the rationale/justification in an attachment for the
lesser classification. The unmitigated doses calculated in the DSA Addendum for MSRE range
from 4.7 rem to 11.0 rem. These doses were determined utilizing calculations consistent with the
requirements of DOE-STD-3009, utilizing dispersion parameters corresponding to 95%
meteorology conditions for the Oak Ridge National Laboratory, and a Leak Path Factor of 1.0. The
CVS in the DSA and DSA Addendum for MSRE is classified as a Safety Significant ventilation
system. As such, this attachment is included to provide the rationale and justification for
classifying the CVS at MSRE as Safety Significant instead of Safety Class. The events of interest
in this classification are provided in the following discussion. The CVS stack and filiers are not
credited for a release of material into the High Bay or South Truck Bay that would not exhaust
through the CVS,

Cold Trap and Line Failure Events F-15 and F-17

Event F-15 is a recirculation line failure inside a secondary enclosure. The release in the
enclosure is vented by the CVS5, through the HEPA filter and stack before being released to the
environment. The confinement of the enclosure protects the facility worker, while the HEPA filter
and release from the stack will dilute the release and protect the collocated worker and public. The
analysis used for event F-15 is discussed in more detail in this section to demonstrate the
conservative nature of the analysis that led to classifying the CVS as Safety Significant and not
Safety Class. Event F-17 is an overpressure event that is prevented by the presence of a credited
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pressure relief valve. As such, the CVS does not serve as the primary line of defense for this event
and does not warrant a Safety Class designation.

The maximum dose 1o the public for Event F-15 is estimated to be 11 rem. This dose is not
considered to challenge the guideline when consideration is taken for the conservatism built into
the analysis. F-15 is an event during the fluorination process when reagent gas is sparged into the
salt. The 11 rem estimate is based on the assumption that UF, will continue to be generated at the
same rate afier the event occurs, even though the sparge gas is largely made up of air after the
failure due to the recirculation pumps sucking air into the breached pipe. The ¥, that would
normally be recycled is being removed through the RGRS. The F; make-up maximizes at 10 sL/m,
thus reducing the F; in the input stream. In addition, moisture in the air may overcome the
fluorination reaction and produce significant quantities of UO;F,, which will not volatilize as
readily as UFs. The assumption that the UO,F; (solid) aerosol formed when UF, reacts with the
water in air remains airbore to the site boundary is a conservative one. The uranium mass (611 g)
assumed in the tank header at the time of the rupture is a conservative estimate of the maximum
uranium content of the drain tank head space during the course of the process. While remaining
consistent with the methodology of DOE-STD-3009, the assumptions discussed could result in a
reduction of the dose by an order of magnitude. As such, the actual amount of matenial that would
be released during this event 1s less than estimated and does not challenge the 25 rem criteria to the
public.

Tank Failure Event F-2

Event F-2 is a tank failure (e.g., Fuel Flush Tank) during fluorination where the F, gas supply
could drive the gases out of the tank into the cell or the High Bay. This event 1s mutigated by the
emergency shutdown system if the breach is in a pipe between enclosures. The emergency
shutdown system is invoked for worker protection and is protected in the TSR at the safety-
significant level. A release in an enclosure is vented by the CVS, through the HEPA filter and
stack before being reieased to the environment. The confinement of the enclosure protects the
facility worker, while the HEPA filter and release from the stack will difute the refease and protect
the collocated worker and public. The analysis used for event F-2 is discussed in more detail in
this section to demonstrate the conservative nature of the analysis that led to classifying the CVS
as Safety Significant and not Safety Class.

The maximum dose to the public for Event F-2 is estimated to be 7.5 rem. This dose is not
considered to challenge the guideline when consideration is taken for the conservatism built into
the analysis. F-2 is an event during the fluorination process when reagent gas is sparged into the
salt, The 7.5 rem estimate is based on the assumption that UF, will continue to be generated at the
same rate after the event occurs, even though the sparge gas is largely made up of air after the
failure due to the recirculation pumps sucking air into the breached pipe. The F, that would
normally be recyeled 1s being removed through the RGRS. The F, make-up maximizes at 10 sL/m,
thus reducing the F; in the input stream. In addition, moisture in the air may overcome the
fluorination reaction and produce significant quantities of UO,F;, which will not volatilize as
readily as UF,. The assumption that the UO.F; (solid) aerosol formed when UF, reacts with the
water in air remains airborne to the site boundary is a conservative one. The uranium mass (500 g)
assumed in the tank space of the flush tank at the time of the rupture is assumed to volatilize from
the solid state. This assumption is a conservative estimate of the maximum uranium content of the
drain tank head space during the course of the process. The 100 g U assumed in the tank header (at
15% conversion) at the time of the rupture is a conservative estimate of the maximum uranium
content of the drain tank head space during the course of the process. The further assumption that,
neglecting the aforementioned conversion to UQO,Fs, another 400 g U will be converted from the
flush salt in a two-hour period is also conservative. While remaining consistent with the
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methodology of DOE-STD-3009, the assumptions discussed could result in a reduction of the dose
by an order of magnitude. As such, the actual amount of material that would be released during
this event is less than estimated and does not challenge the 25 rem criteria to the public.

Transfer Line Failure and Trap Failure Events SUB-3, SUB-3a. SUB-11. SUB-7. and SUB-7a

Events SUB-3, SUB-3a and SUB-11 involve transfer line failures during the sublimation
process. The failure may occur in the line to-the RGRS or a line in a secondary enclosure. Events
SUB-7 and SUB-7a involve the breakthrough or bypass of the NaF traps releasing material to the
RGRS. In the case of a simple line breach, SUB-3 and SUB-3a, the emergency shutdown system is
mvoked for worker protection and is protected in the TSR at the safety-significant level. This
contro} limits the extent of the release and therefore also limits the dose to the public. Where the
breach occurs within a CVS enclosure, event SUB-11, the CVS has been credited as a control for
protecting the workers. This system, with its filters and stack, also provides a control limiting the
dose to the collocated worker and public. Administratively locked-closed bypass valves and NDA
detection instrumentation have been credited with preventing the release to on-site workers for
those cases, SUB-7 and SUB-7a, in which a malfunction of the RGRS is considered. These
controls also prevent the release to the public.

The analysis used for these ‘SUB’ events is discussed in more detail in this section to
demonstrate the conservative nature of the analysis that led to classifying the CVS as Safety
Significant and not Safety Class.

The maximum dose 1o the public for these events is estimated to be 4.7 rem. This dose is not
considered to challenge the guideline when consideration is taken for the conservatism built into
the analysis. The 4.7 rem dose is estimated assuming the sublimation rate is such that the gas
flowing out of the Cold Trap is saturated with UF, (i.e., contains UF, at its equilibrium partial
pressure at rocom temperature). This assumption is conservative given that the model used. also
indicates that when there is a breach and the pfessure in the transfer line increases, (approximately
one atmosphere following the breach) the rate of release of UF, reduces by as much as half. For
those cases, SUB-7 and SUB-7a, in which there is no breach, but the release is through the RGRS
to the CVS and out the stack, the off-site consequences are reduced by a factor of 5 due to the
greater dispersion afforded by the elevated release. Loss of the stack would constitute an
independent second failure of a system, and therefore an elevated release due to the presence of the
stack is considered in an unmitigated case. While remaining consistent with the methodology of
DOE-STD-3009, the assumptions discussed could result in a reduction of the dose by an order of
magnitude. As such, the actual amount of material that would be released during this event is less
than estimated and does not challenge the 25 rem criteria to the public.
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FIELD EVALUATION TEAM BIOGRAPHICAL SKETCHES

Ross Harding (Nuclear Facility Safetv Deploved Lead)

Mr. Harding holds a BS Degree in Oceanography with minors in Physics and Ocean Engineering
from the United States Naval Academy and a MS Degree in Financial Management from Rensselaer
Polytechnic Institute. He is a member of the Nuclear Facility Safety organization with over 30 years
experience in managing nuclear reactor and non-reactor facility operations.

Larrv Perkins (Nuclear Facility Safetyv Engineer

Dr. Perkins holds PhD and MS degrees in chemical engineering from the University of Tennessee in
Knoxville, TN and a BS degree in chemical engineering from the Tennessee Technological University in
Cookeville, TN. Dr. Perkins is a registered Professional Engineer in the state of Tennessee and is serving
as a member of the Nuclear Facility Safety organization. Dr. Perkins has extensive experience with the
nuclear safety requirements of the MSRE systems, as well as the chemical processes utilized during the
decontamination/decormmissioning activities.

Douglas Goode (MSRE Svstem Engineer for the CVS)

Mr. Goode holds a Bachelor of Science degree in Chemnstry from Washington and Lee University. He
has been associated with the MSRE project for five vears, principally in the nuclear safety field. He has
extensive knowledge of the CVS and the nuclear safety requirements of the system. Mr. Goode has
extensive experience with uranium and fluorine chemistry from his Jong tenure in the uranium enrichment
enterprise at Oak Ridge.
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