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SUBMITTAL OF CONFINEMENT VENTILATION SYSTEM EVALUATIONS FOR THE
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Dr. Inés Triay, Chief Operating Officer, Office of Environmental Management, EM-3, FORS

1) Memorandum for Distribution from Inés R. Triay to Distribution, Office of Environmental Management
Expectations for Implementation of Commitment 8.6 under the Department of Energy Implementation Plan
Responding to Defense Nuclear Facilities Safety Board Recommendation 2004-2, dated June 9, 2006.

2} Letter from Stephen H. McCracken to Michael C. Hughes, High Efficiency Particulate Air Filters at
Ocak Ridge National Laboratory, dated February 23, 2007.

This memorandum provides the Confinement Ventilation System Evaluations for the Oak Ridge Office of
Environmental Management (ORO EM) facilities determined to be medium priority in response to the
referenced memorandum. Attached are the System Evaluations for the Portable Units {used for installing vents
in Transuranic (TRU) waste drums), Low-Level Liquid Waste Facilities (LLLW), and the TRU Waste
Processing Center. No gaps relative to the evaluation criteria were identified by the System Evaluation for the
TRU Waste Processing Center and LLLW. Three gaps were identified for the Portable Unit. Each of these
gaps were determined to not be mandatory based on the Documented Safety Analysis and are adequately
addressed by compensatory measures or by the nature of system operations such that the intent of the
evaluation criteria functional attribute is satisfied. No upgrades for any of the systems are recommended.

The Site BEvaluation Team noted one open issue for the LLLW. The Evaluation Criteria for High Efficiency
Particulate Air (HEPA) filter service life (“Filter service life program should be established”) is shown as
being satisfied based on the responsible contractor’s program for HEPA filter management. However, for
defense-in-depth and general service HEPA filters, the program does not require change-out of HEPA filters
based solely on installed service life. DOE-HNDBK-1196 recommends a service life of 10 years. This issue
has been previously identified to Bechtel Jacobs Company LLC in Reference 2 and documented by ORO EM
and resolution is in progress.
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1. INTRODUCTION

An initial evaluation of the Liquid Low-.Level Waste (LLLW) System was conducted to
refine the individual subsytems. The Category 2 facility sets that required evaluation are the three
waste tank systems at 2537, 7830, and 7856. This report evaluates only those parts of the LLLW
System.

1.1 FACILITY OVERVIEW AND CONFINEMENT SYSTEMS

The LLLW System at Oak Ridge National Laboratory (ORNL) consists of tanks, process
equipment, and interconnecting pipelines used for collection, volume reduction, transfer, and
storage of LLLW generated at various facilities. The LLLW System is managed by the Bechtel
Jacobs Company LLC for the Department of Energy (DOE).

~ The LLLW System facilities are located at various sites in Bethel Valley and Melton
Valley at ORNL. LLLW generated by ORNL facilities is collected at the source facilities,
transferred to the LLLW .evaporator facility for treatment and veolume reduction, and pumped
from Bethel Valley through underground pipeline to Melton Valley for storage at Building 7830,
the Melton Valley Storage Tanks (MVST), or Building 7856, the Melton Valley Storage Tanks
Annex (MVSTA. LLLW generated in the Melton Valley area (e.g., at Buildings 7830 or 7856)
may be similarly pumped through the same pipeline to the LLLW evaporator facility for volume
reduction and subsequent return for storage at either the MVST or MVSTA facility. A functional
block diagram showing the overall LLLW System process flow is provided in Fig.l.
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1.1.1 LLLW Evaporator Service Tank Facility
1.1.1.1 Facility overview

Building 2537, located northwest of the Radioactive Waste Evaporator (Building 2531),
contains three 50,000-gal underground collection and storage tanks, W-21, W-22, and W-23.
These tanks are used to collect and store both dilute and concentrated LLLW. As dilute LLLW is
collected from the Bethel Valley and Melton Valley collection systems, it is stored in one of the
service tanks. This tank feeds dilute LLLW directly to evaporator 2A2 and indirectly to
evaporator A2 via feed tank Al. When the dilute LLLW has been concentrated by the
evaporator, the concentrated LLLW is stored in the other two service tanks from where it is
periodically transferred to the MVSTA or MVSTs. The service tanks are connected by piping
which is arranged so that tank contents and functions may be interchanged. The building contains
the service tanks, transfer pumps, piping, and other supporting systems. The building also
contains equipment used to mobilize sludges that have accumulated in the tanks and transfer the
sludge to the MVSTs at Building 7830.

1.1.1.2 Facility structure

Two of the tanks, W-21 and W-22, are located in a single-reinforced concrete vault. The
vault is approximately 31 ft wide by 65 ft, 4-in. long by 16 ft, 2 in. high; the floor elevation is
approximately 779 ft, 10 in. above sea level. Tank W-23 is located in a separate vault,
approximately 31 ft wide by 65 ft, 4 in. long by 16 ft, 8 in. high; the floor elevation is
approximately 788.5 ft. above sea level. The transfer pumps and associated piping are located in
a separate reinforced concrete vault, approximately 15 ft wide by 40 fi long, immediately adjacent
to and sharing a wall with the W-23 tank vault.

The tanks and vaults are designed for containment of radioactive liquids and provide
double containment. The reinforced concrete walls of the tank vaults vary in thickness from 2 ft
- to 3 ft. The reinforced concrete walls of the pump and valve vault vary in thickness from | fi to 3
ft. All vaults are located below-grade. The concrete roof slabs are 3-ft thick and are provided
with removable stepped plugs to permit access to the vaults. The pump and valve vault has a
metal access hatch on the roof for access. The tank vault floors and walls are lined with 16-gauge
stainless steel to a height of approximately 7 ft, 2 in. The pump and valve vault floor and walls
are lined with 16-gauge stainless steel up to a height of approximately 3 ft. Sumps and sump
pumps are provided in each vault to permit the leakage to return to the service tanks. A section of
the evaporator service tanks and vaults is shown in Fig. 2.

1.1.1.3 Confinement systems

Primary confinement of the LLLW in the Evaporator Service Tank facility is provided by
the service tanks and their associated piping and equipment. Secondary confinement for the
LLLW is provided by stainless-steel-lined concrete vault structures. Additionally, the vaults have
sumps that collect and return any leakage to the service tanks. The ventilation system for the
evaporator service tanks and vaults is shown in Fig. 3.

Approximately 700 cfm of air is supplied to the vault containing tanks W-21 and W-22
through a roughing filter, a prefilter, and a back-flow preventer. The vault containing tank W-23
receives approximately 350 cfm of supply air from a separate inlet through a roughing filter, a
prefilter, and a back-flow preventer. Both of these air streams are discharged through the cell
ventilation system filters at Building 2568, to the central ORNL Gasecous Waste Disposal System.



A separate system provides ventilation for the control house. Outside fresh air is drawn in through
a roughing filter, a prefilter, and a heating and cooling unit which provides recirculation. A roof
exhauster vents this air to the atmosphere through another set of filters consisting of a roughing
filter, prefilter, and HEPA filter.

The tank ventilation system has separate air intakes for each tank which draw fresh air
through a back-flow preventer, roughing filter, prefilter, and HEPA filter. Each tank exhausts
through an individual demister and a common roughing and HEPA filter before discharging
through the off-gas system filters at Building 2568 to the central ORNL Gaseous Waste Disposal
System.
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1.1.2 Melton Valley Storage Tank Facility
1.1.2.1 Facility overview

Building 7830, located in Melton Valley near the Liquid Low-Level Waste Solidification
Facility (Building 7877), contains eight 50,000-gal storage tanks (installed in two underground
vaults) which provide storage capacity for concentrated LLLW from the evaporator. The eight
tanks (W-24, W-25, W-26, W-27, W-28, W-29, W-30, and W-31) and their reinforced concrete
vaults are designed with containment safeguards for radioactive liquids with the vaults providing
secondary confinement,

1.1.2.2 Structure

Four tanks located in each of two identical reinforced-concrete underground vaults (total
of eight tanks) are shown in Figs. 4 and 5. Each vault is 67 ft long by 64 ft wide and 19 ft high.
The vaults have reinforced concrete walls 2.5-ft to 3-ft thick, floors 3-ft thick, and are covered
with 3-ft-thick concrete ceilings. The vaults are lined to a height of 7 ft, 2 in. with 16-gauge
stainless steel to contain any tank leakage. Each vault is provided with a 3-ft-square by 1-ft-deep
sump to collect leakage. The floor elevation is approximately 762 ft, 9 in. above sea level. The
vaults are served by a pump and valve vault (approximately 22 ft wide by 130 ft long and 6 fi, 8
in. high) located below grade immediately south of the vaults. This vault, which contains piping
and pumping equipment, is also lined to a height of approximately 3 ft with 16-gauge stainless
steel. The floor elevation of the vault is approximately 775 ft. above sea level.

1.1.2.3 Process description

The all-welded horizontal tanks are fabricated of 4 in. stainless steel and measure
approximately 61 ft, 5 in. long by 12 ft diameter. These storage tanks are virtually identical to the
evaporator service tanks W-21, W-22, and W-23. The tanks operate at atmospheric pressure, but
are designed for 15 psig at 150°F and are hydrostatically tested at 22.5 psig.

The storage tanks are equipped with liquid-level indicators, temperature measuring
devices, and sampling devices. Instrument readouts are available at the local control house
located above grade immediately south of the pipe tunnel and storage tanks. All storage tanks
have liquid-level alarms which warn of potential overﬁllmg A non-specific alarm that indicates
abnormal conditions is telemetered to the WOCC in Building 3 130 Additionally, the tanks are
interconnected to minimize the probability of overfilling.

The local level readout is provided in the Building 7830 control room for the instruments
at Building 7830. The liquid level is then transmitted to the WOCC computer system through a
local data concentrator by way of a 4 to 20 ma current loop. The signal is converted to a gallons
indication at the data concentrator by comparing the analog input to a calibration chart in the
concentrator erasable programmable memory before being transmitted to the WOCC main
computer for display, trending, and archival.

A 480V electrical disconnect device for each of transfer pumps 4P-1 and 4P-2 is located
in the air compressor room at Building 7830.

The primary activities that take place at Building 7830 include:

o Send/receive transfers of LLLW through connections at the Building 7830 valve box.



e Transfer LLLW between tanks at flow rates up to approximately 300 gpin.

& Sludge settling.

The piping is arranged so that liquid can be easily moved to the tank facility site, from
one tank to another, or back to the evaporator. :
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1.1.2.4 Confinement systems

Primary confinement for the LLLW is provided by the storage tanks .and the
interconnecting pipes, valves, and pumps. Secondary confinement is provided by stainless-steel-
lined concrete vaults surrounding the tanks and piping.

Cell and tank off-gas from the MVST Facility cannot be discharged through the central
ORNL Gaseous Waste Disposal System because of the facility's remote location. Therefore,
following filtration, exhaust is discharged to the atmosphere locally. Separate ventilation systems
are provided for the storage tanks, the vaults, the pipe tunnel, and the control house. Two 11 in.
diameter, 7 ft tall exhaust stacks sit atop the 10 ft high control house: one for the vault exhaust
and one for the tank off-gas exhaust, These systems ensure adequate ventilation to each of the
areas and appropriate filtration to prevent release of radioactive particulates from the ventilation
exhaust.

Each vault receives approximately 1000 c¢fm of fresh air through a roughing filter and a
pre-filter. This combines with 375 cfm of air from the pipe tunnel, is swept through the cell, and
discharges to the atmosphere through a fire barrier, a roughing filter, HEPA filter, and the vault
exhaust stack. The pipe tunnel receives 800 cfm of fresh air through a roughing filter and a pre-
filter. Of this, 700 ¢fm joins the cell ventilation through the vaults and the remaining 100 cfm
passes through the sampling area and is discharged with the tank off-gas.

Each vault's tank off-gas ventilation system receives 400 cfm of fresh air, which is drawn
through a roughing filter, a prefilter, and HEPA filter. This air passes in parallel through the tanks
and is discharged to the atmosphere through a demister, a fire barrier, a roughing filter, two
HEPA filters, and the tank exhaust stack. Heating, cooling, and fresh air is provided to the 7830
control room by a wall-mounted HVAC unit.

1.1.3 Melton Valley Storage Tanks Annex
1.1.3.1 Facility overview

The purpose of the MVSTA, Building 7856, is to provide long term storage capacity for
the liquid low-level radioactive waste system at the ORNL. Currently, wastes generated by
operating facilities at ORNL and from remediation activities are transferred to the evaporator
service tanks (Buildings 2531 and 2537) for processing in one of two radioactive liquid waste
evaporators (Building 2531). The concentrate from the evaporators is then transferred to the
MVSTA facility in Melton Valley.

Building 7856 houses six tank vaults with each containing a 100,000-gal horizontal,
cylindrical tank. The tanks and tanks vaults are provided with a once-through, HEPA-filtered
ventilation system. The walls and floors of the tank vaults are lined with stainless steel to provide
secondary confinement in the event of a leak from primary confinement equipment in the vaults,
Transfer of liquids out of and between the tanks in Building 7856 is accomplished using one of
two 200 gpm Moyno pumps.

The primavry processes performed in Building 7856 include transfer of LLLW between

the storage tanks and the Intervalley Transfer Pipeline, transfer of LLLW between tanks within
Building 7856, sampling, and storage of LLLW.

11



1.1.3.2 Facility structure
The MVSTA consists of the following facility areas:

Tank vault area,

Pump and valve vault area.

Inlet filter area,

Exhaust filter and fan area.

Loading/unloading station.

Equipment room.

Control room.

Sludge mobilization skids.

Building 7830 valve box and interconnecting pipeline.

e ¢ ¢ © © e © o o

The floor plan for Building 7856 including the location of major equipment is shown in
Fig. 6. The building code classifications for the different areas in Building 7856 are listed in
Tables 1. : :

12
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Table 1. Building 7856 building code classifications

BUILDING CODECLASSIFICATION

T GCRE-15910

m Building Code

NFPA-101 Un
MVSTA
feature :
Hazard category Occupancy Occupancy Type of Seismic Seismic
classification classification construction occupancy zZone
Tank vault Moderate Confined space, N/A II-N N/A 2A
N/A
Pump and valve Moderate Confined space, N/A II-N N/A 2A
vault: building N/A
structure and liner
plate only
Equipment room Important Special purpose Group H 1I-N I 2A
) Low Industrial Division 7 :
Confrol room Moderate* Special purpose Group H II-N I 2A
Industrial Division 7
Fan and outlet filter Important N/A N/A N/A I 2A
area Low
Inlet filter area Important N/A N/A N/A I 2A
Truck transfer Important N/A Group H N/A 11 2A
station . Division 7

* Only designed for Low Hazard Natural Phenomena because none of the equipment is required to withstand
Moderate Hazard Natural Phenomenon events.

14




The design loads considered for Building 7856 include the following.

¢ Moderate hazard structures continuously supported from grade are designed for seismic
events having a horizontal acceleration of 0.19g and a vertical acceleration of 0.13g.

e Moderate hazard structures are designed to withstand tornado winds up to 113 mph.

¢  Moderate hazard structures are designed to withstand the following tornado-generated
missiles:
o 3 in standard steel pipe weighing 75 Ibs with a horizontal velocity of 50 mph, a
vertical velocity of 35 mph, and a maximum height of 75 ft.
o 2 x4 timber plank weighing 15 lbs with a horizontal velocity of 100 mph, a
vertical velocity of 70 mph, and a maximum height of 150 ft.

e Tank vault and pump and valve vault are designed to withstand specified vehicle loads.

e Tank vault and pump and valve vault roofs are designed to withstand specified heavy
load drops and live loads.

1.1.3.3 Process description

Process operations associated with the MVSTA include the following:

e Transfer operations, including:
" o Transfers into Building 7856 from the Intervalley Transfer Pipeline, Building
7830, or the TRU Waste Processing Facility in Melton Valley;
o Transfers out of the facility to the Intervalley Transfer Pipeline, Building 7830,
or the TRU Waste Processing Facility in Melton Valley; and
o Transfers between tanks within Building 7856.

e LLLW storage operations, including:
o Tank level monitoring;
o Sampling; and
o Chemical addition.

15



1.1.3.4 Confinement systems

The LLLW transferred and stored in Building 7856 is within at least two layers of
confinement at all times during normal operations. The primary confinement is made up of the
six 100,000-gal storage tanks, their ventilation systems, the interconnecting and transfer piping,
pumps, and valves. Secondary confinement is provided by the stainless steel liners in the tank
vaults, pump and valve vault, and the valve box; by secondary confinement piping in the
underground transfer pipeline; and by the vault HVAC systems. *

Pressure-relief valves are provided on the outlet piping of the main Moyno© transfer
pumps (J-1 and J-2) to prevent overpressure of the piping systems in the event of valve
misalignment or malfunction. If the pressure-relief valves are activated, flow is diverted back
into the pump inlet piping.

Tank W-32 is normally maintained as spare storage volume where LLLW may be
transferred in the event of a leaking tank or other emergency transfer. All of the tanks are
equipped with overflow lines at the 90% volume level. The overflow lines flow to a header
located in the pump and valve vaults. If the tanks continue to fill to the physical capacity of the
tanks, the tanks then overflow via the relief line to the pump and valve vault. The pump and
valve vault overflows to the Tank W-32 tank vault and to the Tank W-33 tank vault. The pump
and valve vault, Tank W-32 vault, and Tank W-33 vault can hold 100,000 gal, excluding the
volume occupied by the W-32 and W-33 tanks.

1.1.3.4.1 Tank, pump, and valve vault sump systems

The tank vaults are lined with stainless steel to a height of 10 ft and slope to a trench
located at the north end that drains to a sump in each vault. Redundant sump level
instrumentation is provided in each tank vault sump that initiates an alarm in the DCS and on the
local alarm enunciator located in the control room (Cabinet KCO1).

The pump and valve vault is lined with stainless steel to a height of 1 ft above the highest
floor elevation. An overflow line from the pump and valve vault sump flows into the Tank W-32
tank vault sump. Flow is also diverted from this line to the Tank W-33 tank vault sump.

" A tank vault sump transfer pump (J4) is located in the pump and valve vault and can
pump the tank vault sump contents at 80 gpm (100,000 gal in <24 hr) back into one of the storage
tanks or into the pump and valve vault sump. The sump piping system can be valved to transfer
pump and valve vault sump contents to-one of the storage tanks. The pump and valve vault sump
transfer pump (J3) can also transfer to the truck unloading station, if desired.

The pump and valve vault is lined with stainless steel to a height of 1 ft and is sloped
such that liquids released within the vault are collected in the pump and valve vault sump.
Redundant sump level instrumentation is provided that initiates an alarm in the DCS and on the
local alarm annunciator located in the control room (Cabinet KCO01). Activation of the alarm
terminates transfers out of Building 7856, An excessive release in the pump and valve vault
overflows to the Tanks W-32 and W-33 vault sumps. The total volume of the pump and valve
vault, the Tank W-32 vault, and the Tank W-33 vault is 100,000 gal, excluding the volume
occupied by the tanks. A pump/valve vault sump transfer pump is located in the pump and valve
vault that can transfer pump and valve vault contents (at 30 gpm) to the loading/unloading station
where a truck connection is provided for transfer of sump contents into a tanker truck.

16



A sump at the loading/unloading station collects any liquids released during loading and
unloading activities. A sump pump (J-5) is provided to transfer sump contents to a tanker truck
or to drums. The drain line from the loading/unloading station sump has a manual valve that is
closed during sump transfer operations. The manual valve has a position switch with an interlock
such that the pump and valve vault sump pump (J3) cannot transfer to the truck unloading station
unless the drain valve is closed.

Liquid releases inside the valve box collect in the valve box sump. Redundant sump
level instrumentation is provided. A sump transfer pump (J-6) is provided that allows transfer of
sump contents to the intervalley transfer line or to a hose connection at the top of the vault. The
hose connection can also be used to pump the liquid directly from the sump using an externally
supplied pump. '

1.1.3.4.2 Heating, ventilation, and air-conditioning systems

Two HVAC systems provide confinement functions for Building 7856: the vault
ventilation system and the tank ventilation system.

The vault ventilation system provides once-through ventilation for each of the six tank
vaults and for the pump and valve vault. The major equipment and flow paths for the vault
ventilation system are shown in Fig. 2.7.1-11. Outside air is drawn into one of two inlet filter
units located on the south side of Building 7856 at a rate of 6000 scfm. Inlet air passes through a
backflow preventer, a 30% roughing filter, an electric pre-heating coil, a 90% pre-filter, and an
electric heating coil. Flow balance is set using a manual damper (HV715 or HV716) to maintain
approximately 3.5-in. WG across the filter housing and damper. The ventilation air stream is then
split into two headers. One header with 1500 scfm air flow bypasses the tank vaults and flows
through eight supply registers into the pump and valve vault. The second header supplies air flow
at 750 scfim to each of the six tank vaults. The exhaust ducts from the tank vaults join in a header-
in the pump and valve vault. Eight exhaust registers in the pump and valve vault also join in a
header, The two exhaust headers exit the pump and valve vault and join in the exhaust filter and
fan area located on the north side of Building 7856. The total air flow is then directed to one of
two exhaust filter units where it passes through a 90% prefilter and a HEPA filter. Air flow
exiting the exhaust filter unit is directed to one of two exhaust fans and then to the elevated
facility exhaust stack. Flow balance at the: exhaust filter unit is set using a manual damper
(HV719 or HV720) to maintain approximately 5.0-in. WG across the filter housing and damper.

The tank ventilation system provides once-through ventilation for the six 100,000-gal
storage tanks located in Building 7856. Outside air is drawn in at a rate of 900 scfm through one
of two inlet filter units located on the south side of Building 7856. Air passes through a 30%
roughing filter, an electric heating coil, a 60% pre-filter, and a HEPA filter (with its inlet and
outlet test sections). Flow balance is set by a manual damper (HV713 or HV714) to maintain 4.5-
in. WG across the filter housing and damper. The air flows into a tank inlet header that provides
150 scfm to each of the six tanks. Flow through the tanks is monitored by flow elements in the
ventilation exhaust from each tank. In addition, a combustible gas monitor is provided on the
exhaust from each tank. The exhaust ducts from each tank join in a header in the pump and valve
vault. The air in the exhaust header is directed to one of two exhaust filter units located on the
north side of Building 7856. The exhaust filter unit includes an electric heating coil, a 60% pre-
filter, and two HEPA filters (with appropriate test sections). Air flow is then drawn through one
of two exhaust fans and exits the facility through the elevated facility stack downstream of the
vault ventilation exhaust duct work. Flow balance at the exhaust filter unit is set using a manual
damper (HV717 or HV718) to maintain 6.0-in. WG across the filter housing and damper.
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Each of the six storage tanks is equipped with a relief line. The relief lines from the tanks
meet in a common header located in the pump and valve vault. One line from the header has a
water seal in a pipé trap. If liquid overflows from the tanks through the relief line, it will drain
directly through this line to the pump and valve vault sump. A separate line from the header is
“equipped with a rupture disk set at 11.4 psig. In the event of HVAC failures such that the tank
ventilation system is pressurized, this line opens to the pump and valve vault.

1.2 MAJOR MODIFICATIONS

There are no major modifications or mission changes plarmed' for this facility at this time,
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2. FUNCTIONAL CLASSIFICATION ASSESSMENT

2.1 EXISTING CLASSIFICATION

Each of the three facilities confinement ventilation systems are currently classified asa
defense in depth system in the DSA. ‘

2.2 EVALUATION

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-Safety. —
Related Systems. 1t was determined that because the tank systems are Category 2 facilities that are
actively filtered and ventilated an evaluation should be performed to confirm the defense in depth
status of the ventilation 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 FET. It was determined that the quantitative dose consequences are determined
in accordance with DOE-STD-3009-94 and do not challenge the evaluation. The HEPA filter
systems are identified in the DSA as a DID control that is not credited for significantly reducing
event consequences. The ventilation systems are not individually credited for reducing event
consequences to a lower risk bin. Specific performance criteria include maintaining dp across the
HEPA filters and are maintained per the surveillance and maintenance program. Functional
criteria, performance criteria, or quantitative filtering efficiency criteria are not defined in the
DSA. HEPA filter efficiency testing is based on Safety Management Program requirements. The
control suites identified in the DSA focus on preventative measures and inventory limits as well

.as the secondary containment systems such as the vaults in lieu of the ventilation systems.

2.3 SUMMARY

The FET concluded that the HEPA filtered ventilation systems associated with the LLLW
System are appropriately and conservatively classified as defense in depth.
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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 Impiementation 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, provides the system evaluation,

and is attached as Appendix B. The tank ventilation systems were evaluated against the defense-
in-depth criteria defined in the evaluation guidance document. No gaps were identified.

3.2 GAP EVALUATION

3.3 MODIFICATIONS AND UPGRADES

No gaps were identified, therefore, no modifications are recommended at this time.
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4. CONCLUSION

In conclusion, the HEPA Filter Systems on the tank systems at 2537, 7830 and 7856 are
appropriately classified in the DSA as defense in depth.
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Table 4-3 Data Collection Table Explanations for Buildihg 2537

Facility Overview. Building 2537, located northwest of the Radioactive Waste
Evaporator (Building 2531), contains three 50,000-gal underground collection and storage tanks,
W-21, W-22, and W-23. These tanks are used to collect and store both dilute and concentrated
Liquid Low-Level Waste (LLLW). As dilute LLLW is collected from the Bethel Valley and
Melton Valley collection systems, it is stored in one of the service tanks. This tank feeds dilute
LLLW directly to evaporator 2A2 and indirectly to evaporator A2 via feed tank Al. When the
dilute LLLW has been concentrated by the evaporator, the concentrated LLLW is stored in the
other two service tanks from where it is periodically transferred to tanks located at Buildings
7830 and 7856. The service tanks are connected by piping which is arranged so that tank contents
and functions may be interchanged. The building contains the service tanks, transfer pumps,
piping, and other supporting systems. The building also contains equipment used to mobilize
sludges that have accumulated in the tanks and transfer the sludge to the Melton Valley Storage
Tanks at Building 7830. Transfer of LLLW to Buildings 7830 and 7856 uses the Intervalley
Transfer Pipeline (a 6,000+ long double-contained. pipeline with associated valve boxes that
provides connections between Buildings 2537, 7830, and 7856).

Column 1 - Bounding Accidents

Spill/Leaks (event 2537-17)

The LLLW System consists primarily of a number of tanks and pumps in ventilated
vaults at various facilities. LLLW can be pumped from tanks at one facility to the tanks at
another through long lengths of transfer pipelines that are not in ventilated enclosures. The
bounding spill/leak event involves a pressurized release of LLLW during specific and infrequent
(i.e., less than once a year) transfers due to a component faiiure or operator errors. The release
could be inside a vault that has high-efficiency particulate air (HEPA) filtered ventilation or along
the length of transfer pipeline directly to the environment. The unmitigated hazard evaluation
(UHE) for the LLLW System evaluated spills/leaks. that could occur in these systems due to
various causes and listed candidate controls that might be available to reduce the risk of the event.
The vault ventilation systems and HEPA filters were identified as candidate controls for those
events where the LLLW could be released into an intact vault. The vault ventilation systems and
HEPA filters were not identified as candidate controls for events that are initiated by or involve a
breech of the vault (e.g., vault collapse due to external impact).

The UHE assumed all material made airborne would be released directly to the
environment with no credit for any holdup or filtration (i.e., all leakpath factors were assumed to
be 1.0). Events with significant consequences to any receptor were carried forward and evaluated
in the mitigated hazard evaluate (MHE) to determine which candidate controls would be credited
to reduce the risk of the event. Only pressurized releases of LLLW during pumping were
identified as having the potential for significant consequences to any receptor (collocated worker
only). All non-pressurized releases are of such low consequence to all receptors that
identification of controls to reduce risk was not considered necessary and they were sereened
from further evaluation.

During selection of controls in the MHE, it was determined that the only candidate
controls that would be effective in reducing the risk of spills/leaks in any location along the
transfer pathway were (1) the work control process to reduce the frequency of operator errors, and
(2) equipment to identify a spill/leak had occurred and allow for immediate termination of the
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transfer. Immediately terminating the transfer prevents the release of a significant quantity of
LLLW whether the release occurs inside or outside a vault and whether the vault is intact or not
intact.

Fires (event 2537-12)

The bounding fire event involves the ignition of hydrogen or contaminated organic
materials in the vapor space of one of the large LLLW storage tanks. The LLLW is contained
within the steel tanks in concrete vaults containing little or no combustible materials or in buried
steel pipelines. Therefore, no other fires of any significance were identified. The UHE for the
LLLW System evaluated fires that could occur due to various causes and listed candidate controls
that might be available to reduce the risk of the event. The tank ventilation systems were
identified as candidate controls that could act to prevent accumulation of combustible vapors in
the tank vapor space. However, all fire events are of such low consequence to all receptors that
identification of credited controls to reduce the risk was not considered necessary and they were
screened from further evaluation. :

Column 2 — Type Confinement

The vault and tank ventilation system for Bldg. 2537 is an active HEPA filtered exhaust
system, although the active portions are not part of the LLLW System, but provided by a central
ventilation system. The HEPA filters are located at Bldg. 2568, which is part of the LLLW
System. The filtered exhaust is discharged by fans in the Building 3039 Stack Ventilation System
through the Building 3039 Stack. The 3039 Stack Ventilation System (including ducts, fans, and
stack) is a separate, non-nuclear facility that provides general ventilation services to customers
located throughout the main Oak Ridge National Laboratory (ORNL) campus in Bethel Valley.

Column 3 — Doses (Bounding Uhmitigated and Mitigated)

Methodology

Potential radiological consequences from inhalation were determined (LLLW
Documented Safety Analysis (DSA), Section 3.3.2.4.1)) by using 95" percentile relative
concentrations (X/Q values) calculated consistent with Nuclear Regulatory Commission (NRC)
Regulatory Guide 1.145 as recommended by DOE-STD-3009-94, Appendix A. Releases were
modeled using straight-line Gaussian dispersion characteristics. All releases were assumed to be
at ground level and to exhibit normal buoyancy. The calculation of the 95™ percentile X/Q for
each location is documented in DAC-LGWO0-2002-001.

The inhalation dose from radioactive materials is determined by calculating the integral
of air concentration for the time during which the receptor is exposed, multiplying by the
breathing rate of the individual, and then multiplying by the dose conversion factor for the
radioactive material of interest. The following equations were used:

[=Q*X/Q
where: 1= time integral of air concentration (Ci-sec/ms)
Q = the activity released to the air (Ci)

X/Q = location-specific relative concentration (sec/ms)

Q=dQ/dt*t
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where: t = lesser of the duration of the release and the receptor exposure time(s)
dQ/dt=RR * C * RRF

where: RRF = ARF x RF (from DOE HDBK-3010-94)
ARF = airborne release fraction
RF = respirable fraction
RR = liquid release rate (L/s)
C = liquid concentration (Ci/L)
RRF = respirable release fraction

D=1*B:.* DCF
where: D = dose (rem)
Br= breathing rate (m*/s)
DCF = dose conversion factor (rem/Ci)

The following assumptions are applied to the calculation of inhalation dose:

The off-site receptor exposure time is 2 hours,

The on-site receptor exposure time is 8 hours.

Releases are at ground level (yields higher consequences than elevated releases).
Receptor breathing rates are 1.2 m*/h.

Bounding ARFs and RFs from DOE HDBK-3010-94 are selected for the type of accident
and material involved.

® e o 2 o

The calculation of unmitigated dose due to each evaluated accident is documented in
DAC- LGWO0-2002-002. Mitigated doses were evaluated qualitatively given the unmmgated
dose and the estimated effectiveness of the credited controls.

Spill/leak (event 2537-17)

The areas into which release may occur are not occupied. Any facility workers that may
be near the facility are assumed to evacuate and were evaluated as collocated workers, The
unmitigated estimate of the radiological consequences to the collocated worker was estimated to
be between 25 rem and 100 rem. The unmitigated estimate of the radiological consequences to
the public was estimated to be <1 rem. The mitigated dose to the collocated worker is estimated
to be <25 rem due to operator action to terminate the transfer. No estimate of the mitigated dose
to the public was required or made in the DSA, but would remain < | rem.

Fires (event 2537-12)

The areas into which release may occur are not occupied. Any facility workers that may
be near the facility are assumed to evacuate and were evaluated as collocated workers, The
unmitigated estimate of the radiological consequences to the collocated worker was estimated to
be < 25 rem. The unmitigated estimate of the radiological consequences to the public was
estimated to be <I rem. No estimate of the mitigated dose to the collocated worker or public was
required or made in the DSA.
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Column 4 — Confinement Classification

The tank and vault ventilation system (portions within the LLLW System boundary) is
classified as a defense-in-depth feature in the LLLW System DSA. It is noted that the active
portions of the system are not within the LLLW System boundary.

Column 5 — Function

Spill/leak (event 2537-17)

The vault ventilation system reduces consequence of a release of LLLW inside an intact
tank, pump, or valve vault that results in an inhalation hazard to collocated workers.

Fires (event 2537-12)

The tank ventilation system prevents the accumulation of combustible vapors/gases that
could result in a fire in a tank vapor space. A fire in the tank vapor space is of such low
consequences that this function is considered to be limited to contamination control rather than
any significant reduction in consequences to on-site or off-site receptors.

Column 6 — Functional Requirements

Spill/leak (event 2537-17)

Because the vault ventilation systems are non-credited defense-in-depth, no specific
functional requirements were defined jn the DSA and none are implied by the UHE. It is
expected that the vault ventilation system and HEPA filters, if available, could act to reduce the
consequence of a release of LLLW inside an intact tank, pump, or valve vault that results in an
inhalation hazard to collocated workers.

Fires (2537-12)

Because the tank ventilation systems are non-credited defense-in-depth, no specific
functional requirements were defined in the DSA and none are implied by the UHE. It is
expected that the airflow provided through the tanks by the tank ventilation system, if available,
could act to reduce the probability of'a fire in the tank vapor space.

Column 7 — Performance Criteria

The various elements of the ventilation system were designed and constructed over a time
period that spans several decades. Initial design and construction for each element was in general
accordance with the Code of Record (e.g., UBC) for general use or low hazard facilities in effect
at the time of construction. Because many portions of the system were intended for general use
only and are known to have limited capability to remain intact under accident conditions (e.g.,
3039 Stack), the ventilation system is not expected or known to be capable of performing its
function other than during normal operations. Therefore, current performance criteria are in
accordance with the general Safety Management Program (SMP) requirements for general use
ventilation systems.
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The ventilation system is operated in accordance with the general performance criteria
established in the Safety Management Programs, which establish requirements for operations in
accordance with approved procedures and periodic inspections and testing. The system is
operated in accordance with the facility operating procedures (WM-LGWO-611.3.1), which
establish the maximum differential pressure across the filters as well as the requirements to
maintain the vessels at a higher negative pressure than their vaults, and for the vaults to be
maintained negative relative to atmosphere.

The filters are subject to a percentage of the filters used being tested at the DOE Filter
Test Facility, and are assured to have a minimum efficiency of 99.97% when tested with an
aerosol of essentially mono-dispersed 0.3 micron particles. In accordance with ASME N510, in-
place testing of HEPA filters is done with a polydispersed aerosol that has a wide range of
particle sizes and should not be confused with the 0.3 micron monodisperse diocty! phthalate
(DOP) aerosol used for efficiency testing in the DOE Filter Test Facility. Some reduction in
efficiency is typically observed during in-situ testing owing largely to an imperfect seal around
the filter. A lower limit of 99% will allow for typical field conditions, while still accomplishing
the required safety function described in the DSA. Since no credit is taken for consequence
reduction in the DSA events, this is an acceptable level for the filters.

Column 8 - Compensatoi'y Measures

No vulnerabilities have been identified that would impact the ventilation system’s ability to meet
the above performance criteria. Therefore, no compensatory measures are identified.
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Table 4-3 Data Collection Table Explanations for Building 7830

Facility Overview. Building 7830, located in Melton Valley near the Liquid Low-Level
Waste (LLLW) Solidification Facility (Building 7877), contains eight 50,000-gal storage tanks
(installed in two underground vaults with four tanks per vault) which provide storage capacity for
concentrated LLLW from the evaporator facility in Bethel Valley. The eight tanks (W-24, W-25,
W-26, W-27, W-28, W-29, W-30, and W-31) and their reinforced concrete vaults are designed
with containment safeguards for radioactive liquids with the vaults providing secondary
confinement. The building also contains the transfer pumps, piping, and other supporting
systems. ’

The primary processes performed in‘Building 7830 include transfer of LLLW between
the storage tanks and the Intervalley Transfer Pipeline (a 6,000+ long double-contained pipeline
with associated valve boxes that provides connections between Buildings 2537, 7830, and 7856),
transfer of LLLW between tanks within Building 7830, and storage of LLLW.

Colamn 1 —~ Bounding Accidents

Pressurized releases (event 7830-18)

The LLLW System consists primarily of a number of tanks and pumps in ventilated
vaults at various facilities. LLLW can be pumped from tanks at one facility to the tanks at
another through long lengths of transfer pipelines that are not in ventilated enclosures. The
bounding spill/leak event involves a pressurized release of LLLW during specific and infrequent
(i.e., less than once a year) transfers due to a component failure or operator errors. The release
could be inside a vault that has high-efficiency particulate air (HEPA) filtered ventilation or along
the length of transfer pipeline directly to the environment. The unmitigated hazard evaluation
(UHE) for the LLLW System evaluated spills/leaks that could occur in these systems due to
various causes and listed candidate controls that might be available to reduce the risk of the event.

" The vault ventilation systems and HEPA filters were identified as candidate controls for those
events where the LLLW could be released into an intact vault. The vault ventilation systems and
HEPA filters were not identified as candidate ‘controls for events that are initiated by or involve a
breech of the vault (e.g., vault collapse due to-external impact).

The UHE assumed all material made airborne would be released directly to the
environment with no credit for any holdup or filtration (i.e., all leakpath factors were assumed to
be 1.0). Events with significant consequences to any receptor were carried forward and evaluated
in the mitigated hazard evaluate (MHE) to determine which candidate controls would be credited
to reduce the risk of the event. Only pressurized releases of LLLW during pumping were
identified as having the potential for significant consequences to any receptor (collocated worker
only). All non-pressurized releases are of such low consequence to all receptors that
identification of controls to reduce risk was not considered necessary and they were screened
from further évaluation.

During selection of controls in the MHE, it was determined that the only candidate
controls that would be effective in reducing the risk of spills/leaks in any location along the
transfer pathway were (1) the work control process to reduce the frequency of operator errors, and
(2) equipment to identify a spill/leak had occurred and allow for immediate termination of the
transfer. Immediately terminating the transfer prevents the release of a significant quantity of
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LLLW whether the release occurs inside or outside a vault and whether the vault is intact or not
intact. .

Fires (event 7830-13)

The bounding fire event involves the ignition of hydrogen or contaminated organic
materials in the vapor space of one of the large LLLW storage tanks. The LLLW is contained
within the steel tanks in concrete vaults containing little or no combustible materials or in buried
steel pipelines. Therefore, no other fires of any significance were identified. The UHE for the
LLLW System evaluated fires that could occur due to various causes and listed candidate controls
that might be available to reduce the risk of the event. The tank ventilation systems were
identified as candidate controls that could act to prevent accumulation of combustible vapors in
the tank vapor space. However, all fire events are of such low consequence to all receptors that
identification of credited controls to reduce the risk was not considered necessary and they were
screened from further evaluation.

Column 2 - Type Confinement

The ventilation- system for Bldg. 7830 is an active HEPA filtered exhaust system.
Following filtration, exhaust is discharged to the atmosphere locally. Separate ventilation systems
are provided for the storage tanks, the vaults, the pipe tunnel, and the control house. Two 11-in.-
diameter, 7-ft-tall exhaust stacks are located at the facility: one for the vault exhaust and one for
the tank off-gas exhaust. '

Column 3 — Doses (Bounding Unmitigated and Mitigated)

Methodology

Potential radiological consequences from inhalation were determined (LLLW
Documented Safety Analysis (DSA), Section 3.3.2.4.1)) by using 95" percentile relative
concentrations (X/Q values) calculated consistent with Nuclear Regulatory Commission (NRC)
Regulatory Guide 1.145 as recommended by DOE-STD-3009-94, Appendix A. Releases were
modeled using straight-line Gaussian dispersion characteristics. All releases were assumed to be
at ground level and to exhibit normal buoyancy. The calculation of the 95™ percentile X/Q for
each location is documented in DAC-LGWO-2002-001.

The inhalation dose from radioactive materials is determined by calculating the integral
of air concentration for the time during which the receptor is exposed, multiplying by the
breathing rate of the individual, and then multiplying by the dose conversion factor for. the
radioactive material of interest. The following equations were used:

I=Q*X/Q
where: 1= time integral of air concentration (Ci-sec/ms)
Q = the activity released to the air (Ci)
X/Q = location-specific relative concentration (sec/ms)

Q= dQ/dt * t

where: t = lesser of the duration of the release and the receptor exposure time(s)



dQ/dt=RR * C * RRF

where: RRF = ARF x RF (from DOE HDBK-3010-94)
ARF = airborne release fraction
RF = respirable fraction
RR = liquid release rate (L/s)
C = liquid concentration (Ci/L)
RRF = respirable release fraction

D=1*B:* DCF
where: D = dose (rem)
B:= breathing rate (m’/s)
DCF = dose conversion factor (rem/Ci)

‘The following assumptions are applied to the calculation of inhalation dose:

¢ The off-site receptor exposure time is 2 hours.

The on-site receptor exposure time is 8 hours.

Releases are at ground level (yields higher consequences than elevated releases).
Receptor breathing rates are 1.2 m*/h.

Bounding ARFs and RFs from DOE HDBK-3010-94 are selected for the type of accident
and material involved.

The calculation of unmitigated dose due to each evaluated accident is documented in
DAC- LGWO0-2002-002. Mitigated doses were evaluated qualitatively given the unmitigated
dose and the estimated effectiveness of the credited controls.

Spill/teak (event 7830-18)

The areas into which release may occur are not occupied. Any facility workers that may
be near the facility are assumed to evacuate and were evaluated as collocated workers. The
unmitigated estimate of the radiological consequences to the collocated worker was estimated to
be between 25 rem and 100 rem. The unmitigated estimate of the radiological consequences to
the public was estimated to.be <1 rem . The mitigated dose to the collocated worker is estimated
to be <25 rem due to operator action to terminate the transfer. No estimate of the mitigated dose
to the public was required or made in the DSA, but would remain < 1 rem.

Fires (event 7830-13)

The areas into which release may occur are not occupied. Any facility workers that may
be near the facility are assumed to evacuate and were evaluated as collocated workers. The
unmitigated estimate of the radiological consequences to the collocated worker was estimated to
be < 25 rem. The unmitigated estimate of the radiological consequences to the public was
estimated to be <1 rem. No estimate of the mitigated dose to the collocated worker or public was
required or made in the DSA. :

Column 4 — Confinement Classification
The tank, vault, and pipe tunnel ventilation systems are classified as non-credited

defense-in-depth features in the LLLW System DSA. The control house ventilation is not
identified as a candidate control or defense-in-depth system in the DSA.



Column 5 - Function

Spill/leak (event 7830-18)

The vault and pipe tunnel ventilation systems reduce the consequence of a release of
LLLW inside an intact tank, pump, valve vault, or pipe tunnel that results in an inhalation hazard
to collocated workers.

Fires (event 7830-13)

The tank ventilation system prevents the accumulation of combustible vapors/gases that
could result in a fire in a tank vapor space. A fire in the tank vapor space is of such low
consequences that this function is considered to be limited to contamination control rather than
any significant reduction in consequences to on-site or off-site receptors.

Column 6 — Functional Requirements

Spill/leak (event 7830-18)

Because the vault and pipe tunnel ventilation systems are non-credited defense-in-depth,
no specific functional requirements were defined in the DSA and none are implied by the UHE.
It is expected that the ventilation systems and HEPA filters, if available, could act to reduce the
consequence of a release of LLLW inside an intact tank, pump, valve vault, or pipe tunnel that
results in an inhalation hazard to collocated workers.

Fires (7830-13)

Because the tank ventilation systems are non-credited defense-in-depth, no specific
functional requirements were defined in the DSA and none are implied by the UHE. 1t is
expected that the airflow provided through the tanks by the tank ventilation system, if available,
could act to reduce the probability of a fire in the tank vapor space,

Column 7 - Performance Criteria

Initial design and construction for each element was in general accordance with the Code
of Record (e.g., UBC) for general use or low hazard facilities in effect at the time of construction.
Because portions of the system were intended for general use only, the ventilation system is not
expected or known to be capable of performing its function other than during normal operations.
Therefore, current performance criteria are in accordance with the general Safety Management
Program (SMP) requirements for general use ventilation systems.

The ventilation system is operated in accordance with the general performance criteria
established in the Safety Management Programs, which establish requirements for operations in
accordance with approved procedures and periodic inspections and testing. The system is
operated in accordance with the facility operating procedures (WM-LGWO-610.3.1), which
establish the maximum differential pressure across the filters as well as the requirements to
maintain the vessels at a higher negative pressure than their vaults, and for the vaults to be
maintained negative relative to atmosphere.



The filters are subject to a percentage of the filters used being tested at the DOE Filter
Test Facility, and are assured to have a minimum efficiency of 99.97% when tested with an
aerosol of essentially mono-dispersed 0.3 micron particles. In accordance with ASME N510, in-
place testing of HEPA filters is done with a polydispersed aerosol that has a wide range of
" particle sizes and should not be confused with the 0.3 micron monodisperse dioctyl phthalate
(DOP) aerosol used for efficiency testing in the DOE Filter Test Facility. Some reduction in
efficiency is typically observed during in-situ testing owing largely to an imperfect seal around
the filter. A lower limit of 99% will allow for typical field conditions, while still accomplishing
the required safety function described in the DSA. Since no credit is taken for consequence
reduction in the DSA events, this is an acceptable level for the filters.

~ Column 8 — Compensatory Measures

No vulnerabilities have been identified that would impact the ventilation system’s ability
to meet the above performance criteria. Therefore, no compensatory measures are identified.

A-14



A-15

"SUIDISAS UONR]IIUSA 2SN JeIousd -9oeds Jodea
10] syuswaainbai JWS Jerousd qgum juey e ut 211y .
20URPIOOOE UI BLIINID 2oueuLIckad ® Jo Apiqeqoad pareneAs uonedpiu
JUSUNY) "UOTIINISUOD JO SWIN 9L oy1 Furonpal " ou-paEdmN
Te 1991 UT SOMN198] pIezey Mmo] Io ‘siodea/sed
asn Jessuad 105 (Ogn “F0) proy Jjqusnquios W1 §T> ~ PITRIO]I0D)
10 2PO7) UIAM 20URPIOOoE Jerous | JO UOHEINWIMOE | samyxjur aatsopdxa wal 1> - alqnyd
SUON Ul UORONIISU0d pue UFISop [eniuy o1 SUBAI] jormeyxg-o | X pareSnnuun X {£1-958L waAT) so11d
“SWRISAS UOHBINUDA 2SN [BIousd :
10§ sjuowaxinbol (JNS) weidoiyg
uswoedeuey Alofes e1sudd yim W §7> - PRIRd0[I0))
0UBPICIOE UI BLINLIO 20uRWLIO) Il wal 1> - Jqud
WILNY) "UONOTLISUOD JO paveSA
ouIm 9y} 12 199YJ0 Ul SOTINIoR) preZey jnea
mo] 10 asn jesousd 101 ((OEN) 2P0 aafea 10 ‘dund sl §Z<
Fuppng wuogiun) “39) ploody “uey e opisul [IdS | gonoojord saprom nq go1> - pasesofieD
3O 9p0D) Yism 3ouepIoode jelouad | B0 2ouanbasuod Pa1R30[103 10] WIRIT> - 9qnd (81-958L
QUON, ur norPN)sucd pue uBisap fenuy seonpoy juoweuuod —-gq | X poredniun X WwoAx) syedy/sids
s poreSm
SINSEIIAL BLIOJL)) jmowsainbay (1s11 995) Q| ss | 98 /pareSnruuy SNSSEd | SARIY S1U3PINVY
Aroyesmadmio)) VHBWR0LIAI jeuOnOUN nondunyg WONEDISSE]D Suipunoyg JUIWIUPUOD) Suipunog
juswowEguoy | RERNT( | adAy ;
suoneddxf S0UBULI0J13 7 £103318) prezsy 9G8. 3pid — MTT1 Aed

WO BLII0JU] SISA[EUY AJ9JES PIjudtindo(] Judwouyuo’y

Jqe L wondo) BIE(] £ JqEL



Table 4-3 Data Collection Table Explanations for Building 7856

Facility Overview. The purpose of the Melton Valley Storage Tanks Annex (Building
7856), is to provide long term storage capacity for the liquid low-level radioactive waste system,
at the ORNL. Currently, wastes generated by operating facilities at ORNL and from remediation
activities are transferred to the evaporator service tanks (Buildings 2531 and 2537) for processing
in one of two radioactive liquid waste evaporators (Building 2531). The concentrate from the
evaporators is then transferred to either Building 7830 or 7856 located in Melton Valley.
Building 7856 houses six tank vaults with each containing a 100,000-gal horizontal, cylindrical
tank (W-32, W-33, W-34, W-35, W-36, and W-37). The tanks and tanks vaults are provided with
a once-through, HEPA-filtered ventilation system. The walls and floors of the tank vaults are
lined with stainless steel to provide secondary confinement in the event of a leak from primary
confinement equipment in the vaults. Transfer of liquids out of and between the tanks in Building
7856 is accomplished using pumps located at the facility.

The primary processes performed in Building 7856 include transfer of LLLW between
the storage tanks and the Intervalley Transfer Pipeline (a 6,000+ long double-contained pipeline
with associated valve boxes that provides connections between Buildings 2537, 7830, and 7856),
transfer of LLL'W between tanks within Building 7856, and storage of LLLW,

Column 1 - Bounding Accidents

Pressurized releases (event 7856-18)

The Liquid Low-level Waste (LLLW) System consists primarily of a number of tanks
and pumps in ventilated vaults at various facilities. LLLW can be pumped from tanks at one
facility to the tanks at another through long lengths of transfer pipelines that are not in ventilated
enclosures. The bounding spill/leak event involves a pressurized release of LLLW during
specific and infrequent (i.e., less than once a year) transfers due to a component failure or
operator errors. The release could be inside a vault that has high-efficiency particulate air (HEPA)
filtered ventilation or along the length of transfer pipeline directly to the environment. The
unmitigated hazard evaluation (UHE) for the LLLW System evaluated spills/leaks that could
oceur in these systems due to various causes and listed candidate controls that might be available
to reduce the risk of the event. The vault ventilation systems and HEPA filters were identified as
candidate controls for those events where the LLLW could be released into an intact vault. The
vault ventilation systems and HEPA filters were not identified as candidate controls for events
that are initiated by or involve a breech of the vault (e.g., vault collapse due to external impact).

The UHE assumed all material made airborne would be released directly to the
environment with no credit for any holdup or filtration (i.e., all leakpath factors were assumed to
be 1.0). Events with significant consequences to any receptor were carried forward and evaluated
in the mitigated hazard evaluate (MHE) to determine which candidate controls would be credited
to reduce the risk of the event. Only pressurized releases of LLLW during pumping were
identified as having the potential for significant consequences to any receptor (collocated worker
only). All non-pressurized releases are of such low consequence to all receptors that
identification of controls to reduce risk was not considered necessary and they were screened
from further evaluation.

During selection of controls in the MHE, it was determined that the only candidate
controls that would be effective in reducing the risk of spills/leaks in any location along the
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transfer pathway were (1) the work control process to reduce the frequency of operator errors, and
(2) equipment to identify a spill/leak had occurred and allow for immediate termination of the
transfer. Immediately terminating the transfer prevents the release of a significant quantity of
LLLW whether the release occurs inside or outside a vault and whether the vault is intact or not
intact. ‘

Fires (event 7856-13)

The bounding fire event involves the ignition of hydrogen or contaminated organic
materials in the vapor space of one of the large LLLW storage tanks. The LLLW is contained
~within the steel tanks in concrete vaults containing little or no combustible materials or in buried
steel pipelines. Therefore, no other fires of any significance were identified. The UHE for the
LLLW System evaluated fires that could occur due to various causes and listed candidate controls
that might be available to reduce the risk of the event. The tank ventilation systems were
identified as candidate controls that could act to prevent accumulation of combustible vapors in
the tank vapor space. However, all fire events are of such low consequence to all receptors that
identification of credited controls to reduce the risk was not considered necessary and they were
screened from further evaluation. ‘

Column 2 — Type Confinement

The ventilation system for Bldg. 7856 is an active HEPA filtered exhaust system. Two
HVAC systems provide confinement functions for Building 7856: the vault ventilation system
and the tank ventilation system. 1) The vault ventilation system provides once-through
ventilation for each of the six tank vaults and for the pump and valve vault. Outside air is drawn
into one of two inlet filter units located on the south side of Building 7856 before being routed to
the tank vaults and the pump and valve vault. The exhaust ducts from the tank vaults join in a
header in the pump and valve vault. Eight exhaust registers in the pump and valve vault also join
in a header. The two exhaust headers exit the pump and valve vault and join in the exhaust filter
" and fan area located on the north side of Building 7856. The total air flow is then directed to one
of two exhaust filter units where it passes through a prefilter and a HEPA filter. Air flow exiting
the exhaust filter unit is directed to one of two exhaust fans and then to the elevated facility
exhaust stack. 2) The tank ventilation system provides once-through ventilation for the six
100,000-gal storage tanks located in Building 7856. Outside air is drawn in through one of two
inlet filter units located on the south side before being routed to the individnal storage tanks. The
air in the exhaust header is directed to one of two exhaust filter units located on the north side of
Building 7856. Air flow is then drawn through one of two exhaust fans and exits the facility
through the elevated facility stack downstream of the vault ventilation exhaust duct work.

Column 3 - Doses (Bounding Unmitigated and Mitigated)

Methodology

Potential radiological consequences from inhalation were determined (LLLW
Documented Safety Analysis (DSA), Section 3.3.2.4.1)) by using 95" 'percentile relative
concentrations (X/Q values) calculated consistent with Nuclear Regulatory Commission (NRC)
Regulatory Guide 1.145 as recommended by DOE-STD-3009-94, Appendix A. Releases were
modeled using straight-line Gaussian dispersion characteristics. All releases were assumed to be
at ground level and to exhibit normal buoyancy. The calculation of the 95™ percentile X/Q for
each location is documented in DAC-LGWO-2002-001.



The inhalation dose from radioactive materials is determined by calculating the integral

of air concentration for the time during which the receptor is exposed, multiplying by the
breathing rate of the individual, and then multiplying by the dose conversion factor for the
radioactive material of interest. The following equations were used:

1=Q*X/0Q

where: I = time integral of air concentration (Ci-sec/ms)
Q = the activity released to the air (Ci)
X/Q = location-specific relative concentration (sec/ms)

Q=dQ/dt*t
where: t = lesser of the duration of the release and the receptor exposure time(s)
dQ/dt=RR * C* RRF

where: RRF = ARF x RF (from DOE HDBK-3010-94)
ARF = airborne release fraction
RF = respirable fraction
RR = liquid release rate (L/s)
C = liquid concentration (Ci/L))
RRF = respirable release fraction

D=1*B:* DCF
where: D = dose (rem)
B= breathing rate (m’/s)
DCF = dose conversion factor (rem/Ci)

The following assumptions are applied to the calculation of inhalation dose:

The off-site receptor exposure time is 2 hours.

The on-site receptor exposure time is 8 hours.

Releases are at ground level (yields higher consequences than elevated releases).
Receptor breathing rates are 1.2 m*/h, -

Bounding ARFs and RFs from DOE HDBK-3010-94 are selected for the type of accident
and material involved.

The calculation of unmitigated dose due to each evaluated accident is documented in

DAC- LGWO0-2002-002. Mitigated doses were evaluated qualitatively given the unmitigated
dose and the estimated effectiveness of the credited controls.

Spili/leak (event 7856-18)

The areas into which release may occur are not occupied. Any facility workers that may

be near the facility are assumed to evacuate and were evaluated as collocated workers. The
unmitigated estimate of the radiological consequences to the collocated worker was estimated to
be between 25 rem and 100 rem. The unmitigated estimate of the radiological consequences to
the public was estimated to be <1 rem. The mitigated dose to the collocated worker is estimated
to be <25 rem due to operator action to terminate the transfer. No estimate of the mitigated dose
to the public was required or made in the DSA, but would remain <1 rem.
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Fires (event 7856-13)

The areas into which release may occur are not occupied. Any facility workers that may
be near the facility are assumed to evacuate and were evaluated as collocated workers. The
unmitigated estimate of the radiological consequences to the collocated worker was estimated to
be < 25 rem. The unmitigated estimate of the radiological consequences to the public was
estimated to be <! rem. No estimate of the mitigated dose to the collocated worker or public was
required or made in the DSA.

Column 4 — Confinement Classification

The system is classified as a candidate control that is considered a defense-in-depth
feature for pressurized releases during a transfer.

Column 5 - Function

Spill/leak (event 7856-18)

The vault ventilation system reduces the consequence of a release of LLLW inside an
intact tank, pump, or valve vault that results in an inhalation hazard to collocated workers.

Fires (event 7856-13)

The tank ventilation system prevents the accumulation of combustible vapors/gases that
could result-in a fire in a tank vapor space. A fire in the tank vapor space is of such low
consequences that this function is considered to be limited to contamination control rather than
any significant redyction in consequences to on-site or off-site receptors.

Column 6 — Functional Requirements

The operability limits for the HEPA filter system are established to ensure the tanks are
maintained at a negative pressure with respect to the tank vaults during normal operations, the
vaults are maintained at a negative pressure with respect to the atmosphere during normal
operation, and the HEPA filters are capable of removing most airborne particulates. The
combination of HEPA filter efficiency and limits on differential pressure across the filters ensure
that releases will be adequately filtered. Since the HEPA filter system is a DID control that is not
credited for reducing event consequences due to pressurized releases and only provides
contamination control for other events, no specific performance or filtering criteria are
established. (Ref.1, Section 4.4.2.3)

Column 7 — Performance Criteria

Initial design and construction for each element was in general accordance with the Code
of Record (e.g., UBC) for general use or low hazard facilities in effect at the time of construction.
Because portions of the system were intended for general use only, the ventilation system is not
expected or known to be capable of performing its function other than during normal operations.
Therefore, current performance criteria are in accordance with the general Safety Management
Program (SMP) requirements for general use ventilation systems.
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The ventilation system is operated in accordance with the general performance criteria
established in the Safety Management Programs, which establish requirements for operations in
accordance with approved procedures and periodic inspections and testing. The system is
operated in accordance with the facility operating procedures (WM-LGWO-610.3.6), which
establishes the response to high and low differential pressure across the filters as well as the
requirements to maintain the vessels at a higher negative pressure than their vaults, and for the
vaults to be maintained negative relative to atmosphere.

The filters are subject to a percentage of the filters used being tested at the DOE Filter
Test Facility, and are assured to have a minimum efficiency of 99.97% when tested with an
aerosol of essentially mono-dispersed 0.3 micron particles. In accordance with ASME N510, in-
" place testing of HEPA filters is done with a polydispersed aerosol that has a wide range of
particle sizes and should not be confused with the 0.3 micron monodisperse dioctyl phthalate
(DOP) aerosol used for efficiency testing in the DOE Filter Test Facility. Some reduction in
efficiency is typically observed during in-situ testing owing largely to an imperfect seal around
the filter. A lower limit of 99% will allow for typical field conditions, while still accomplishing
the required safety function described in the DSA. Since no credit is taken for consequence
reduction in the DSA events, this is an acceptable level for the filters.

Column 8 - Compensatory Measures

No vulnerabilities have been identified that would impact the ventilation system’s ability
* to meet the above performance criteria. Therefore, no compensatory measures are identified.
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APPENDIX C



Field Evaluation Team Biographical Sketches

Karen Balo

Nuclear Facility Safety, Deployed Manager for Waste Management Project

Ms. Balo holds a BS Degree in Chemistry and Biology from Texas Woman's University in
Denton, Texas. She is a certified member of the Nuclear Facility Safety organization with over
25 years experience in waste management and nuclear facility safety operations.

Patrick Bryan

Ventilation System, Subject Matter Expert

Mr. Bryan holds a BS Degree in Mechanical Engineering from State University of New York at
Buffalo, and an MS Degree in Engineering Management from the University of Tennessee in
Knoxville. He is a licensed Professional Engineer and Certified Energy Manager with over 20
years experience in the design and evaluation of industrial and nuclear ventilation systems and
their controls. '

Jeff Maddox

Senior Engineer, Liquid and Gaseous Waste Operations ‘

Mr. Maddox holds a BS degree in Chemical Engineering and a MS in Business Administration
from the University of Tennessee in Knoxville. He is an Engineer-in-Training with over 20 years
experience in operations engineering support for the Liquid and Gaseous Waste Operations at the
Oak Ridge National Laboratory.
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[Subcontractor Name]

contributed to the preparation of this document and should not be
considered an eligible contractor for its review.






