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One of the known hazards associated with K Basin sludge is its fissile material content. A
preliminary criticality safety summary in this document identified issues affecting criticality safety that
must be resolved. These include potential mechanisms that could segregate and concentrate fissile .
materials, the effects of neutron poison additions, and the effects of relatively large particle sizes. An
ongoing Criticality Feasibility Study is being performed to identify the criticality requirements for
each of several storage alternatives for K Basin sludge. The storage alternatives may or may not
require chemical pretreatment of sludge before it can be offloaded into a sto ;e tank. Chemical
pretreatment of the sludge is presently emerging as one of the more effective alternatives for
achieving criticality safety. This alternative may also alleviate some of the other safety-related issues
associated with K Basin sludge offloading and storage, including pyrophoricity, hydrogen gas
generation and tention, and particle size.

1.3.2 Contr ™

Table 1.2 contains a summary of the results of the KT~
specifically the accident scenarios evaluated and their corresponding unmitigated and mmgated
accident frequencies and consequences. The table also presents a summary of the proposed controls
to be established to limit either the frequencies or consequences of the pote al accidents. The
controls that are in bold type are existing controls or are proposed controls 1at resulted from the
Tank Waste Remediation System - Basis for Interim Operation (TWRS BIO, LMHC 1997) and are
being implemented. The other controls listed in the table would be new requirements in the ta = farm
that would arise from K Basin sludge transfer, offloading, and storage acti ies. T : existing and
new controls listed in Table 1.2 are discussed below: -

. NEW CONTROL - Spill stabilization capabilities: Spill stabilization equipment and
capabilities, including operator training, were credited in the spray leak, pipe n ture, and
transportation cask accident scenarios for limiting resuspension release durations to 2 hrs, and
thus mitigates the consequences of these scenarios. No specifications are given on the spill
stabilization equipment, except that they should be readily available during K Basin sludge
transfers, are effective at preventing resuspension of radioactive material from a dried pool,
and that operators are trained in spill stabilization. Spill stabilization equipment may also
include respiratory protection to minimize operator exposures during spill stabilization
activities.

° NEW CONTROL - Restrict speed in tank farm: Travel speed was assumed to be restricted to
below 30 mph in the tank farm to reduce the likelihood of shipping system failures that could
result from vehicular accidents. The 30 mph speed limit was determined based on the impact
test requirements assumed to be imposed on the shipping system. This is somewhat more
specific than Administrative Control 5.10.2.b, “Ignition Controls,” related to restricting speed
in the tank farms (LMHC 1997).

° NEW CONTROL - Sample Sludge to Verify Conformance to Tank Farm Waste Acceptance
Requirements: The accident analyses assumed an extensive experimental and analytical
program would be conducted to determine whether or not K Basin sludge materials are
compatible with the waste currently in AW-105. It was further assumed at the waste
compatibility program would identify a number of chemical adjustments to be made to the
sludges before it could be offloaded to the tank. Examples of chemical adjustments would
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Table 1.3. Safety Classifications of Systems, Structures, and Components

Safety Class Safety Significant Defense-in-Depth
| | - Sludge: Receiving Station N
- Primary aboveground piping | - Spill stabilization equipment | - Pipe connectors in pump pit
(fixed pipe and xible - Leak detection system
hose) - AC Power
- Shielding over aboveground - Secondary aboveground
portions of fixed piping piping
(placement)

- Portable shie” * g
(placement) over hose

- Pump pit cor ock
(placement)

- Flexible hose connector at
receiving station

- Spill retention basin

Sludge Transportation System

- Pressure vessel - None identified - None identified

- Transfer pump

- Flexible hose (primary)

- Flexible hose (secondary)

- Flexible hose connector in
transportation system

- HEPA filtered vents
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2.0 APPROACH

This chapter describes the approach taken in this safety assessment to identify d evaluate .
potential accidents associated with transferring K Basin sludge into double-shell tank 241-AW-105.
Section 2.1 briefly describes the overall approach to this safety assessment and Section 2.2 describes
in1 re detail the approach taken to identify hazards and hazardous conditions as well as select the
design-basis and design-basis accident scenarios for detailed evaluation.

2.1 OVERALL SAFETY ASSESSMENT APPROACH

The overall approach to the K Basin sludge safety assessment is illustrated in Figure 2  The
first step in the assessment was to perform a comprehensive analysis to identify hazards and
hazardous conditions associated with transferring K Basin sludge. A safety analysis technique
re” “to Preliminary Hazards Analysis (PHA) was applied to identify and perform a qualitative
evaluation of potential hazards. The next step is to select the ¢  gn-ba s ident
scenarios. This will be done based on a number of criteria, including a binning process based on the
qualitative evaluation of accident frequencies and consequences provided in the PHA as well as other
factors. A list of Design-Basis Accidents (DBA) will then be developed ba:  on the results of the
selection process. Each of these DBA will be subjected to a detailed analysis to determine its
frequency and consequences. The accident prevention and mitigation information contained in the
PHA is used here to assist in the development of accident frequencies. The equency and
consequence information is developed in parallel and then comes together to allow a comparison to
the risk guidelines contained in WHC-CM-4-46, Rev. 1. If the “risks” (fre iency-consequence pairs)
are below guidelines, = accident scenario analysis would be complete and then would be
documented. If the risks are above the guidelines, further analysis is performed, often involving the
postulated addition of new controls and/or design features intended to reduce either the frequencies or
consequences of the accidents. These design features and control measures taken credit for in the
accident analysis may e the subject of Technical Safety Requirements (TSRs), as defined in DOE
Order 5480.22. After the frequencies and consequences of all the accident scenarios are demonstrated
to be below § delines, the accident scenario analyses are documented and will form the safety
envelope for the offload operations and equipment.

2.2  HAZARDS IDENTIFICATION AND ANALYSIS

The hazards identification and analysis activity was accomplished through application of a
safety analysis technique referred to as PHA. The PHA technique was used to identify the potential
hazardous conditions associated with transfer into and storage of K Basin . idge in a double-shell tank
storage system and to determine the significance of potential accidents. The PHA for the siudge
offload activities was performed using the "hazardous energy" concept in which potential accidents or
abnormal events are represented as flows of unwanted energy between a source and receptor.

Barriers between the source and receptor may be presented to prevent or restrict the flow of unwanted
energy. For example, the sludge shipping container’s walls are barriers because they restrict or pre-
vent radioactive materials from "flowing" between the internal volume of the shipping container and
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hazards increase or reduce the likelihood or consequences of accidents already addressed in the tank
farm safety documentation. If so, the hazard and associated accident scenarios were retained in this
PHA. The hazard checklist that was developed for storage operations was reviewed to identify unique
hazards represented by the transfer of K Basin sludge into a DST and as a check on the completeness
of the completed PHA.

An important aspect of the PHA is that the accident scenario frequencies and consequences
are first-order approximations. Detailed quantification of these elements was not performed at this
stage of the safety assessment. The assessment of accident frequencies and consequences in the PHA
is semi-quantitative that, where possible, quantitative information in other fety documents was
used to assign the . 1arios to particular categories. For example, the Tank Farm Accelerated Safety
Analysis (WHC 19 ), Overground Transfer Line Addendum to Single-Shell Tank Safety Analysis
Report (WHC 1994), Double-Shell Tank Farm Facility Safety Analysis Report (WHC 1989), and other

¢~ lted to provide insights on the freauency and ategory
assignments. The review of historical tank : p te °° effort.

This activity supports the selection of the design-basis accidents that will be analyzed in detail
in subsequent tasks. A binning process was used to document the accident scenario selection process.
This involved assigning the accident scenarios identified in the PHA into bins based on the
preliminary assessments of the frequencies and consequences of each accide scenario. One or more
representative accident scenarios were then selected from each cell of the matrix for detailed
evaluation. The accident scenarios selected are, in general, the highest-consequence or bounding
scenarios from ear cell of the matrix. In some cases, more than one scen o0 are selected from a
single cell, due to the uncertainties in the composition of the materials involved in the accident,
release quantities, and accident frequencies. The rationale for selecting each potential accident
sequence, and for not selecting the others, is documented in this report. '

2.3  DESIGN BASIS ACCIDENT ANALYSIS

The accident scenarios selected from the PHA were subjected to detailed, quantitative design
of their frequencies and consequences. The accident frequency analyses were cond ted using
standard probabilistic risk analysis techniques, including fault tree analysis and event tree analysis.
The potential source term or release quantity from each accident scenario was then Iculate and the
consequences of the release were determined using Hanford-specific information on receptor locations
and weather conditions. Standard dose-consequence computer codes were then used to calculate the
doses to maximally-exposed onsite and offsite receptors. The resulting frequency and consequence
data were then compared to the WHC risk evaluation guidelines. Risk guidelines were taken from
WHC-CM-4-46, Rev. 1, in accordance with DOE guidance (see Tables 2.4 and 2.5). Both mitigated
and unmitigated accident scenarios were subjected to the detailed frequency and ¢ sequence
calculations. The design basis accident analysare are presented in Chapter 7.
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. Features to localize and minimize the size of the sludge heel (such as would be provided by a
sloped bottom).

o Features to accommodate leak testing per American National Standards Institute (ANSI)
standard N14.5, sections 6.3.1 and 6.5.

° Features to monitor and obtain the sludge and liquid levels.
° Features to obtain sludge samples for laboratory analyses.
o Features to mitigate the effects of water sloshing (such as damping or admi * ‘rative controls

on travel speed).

e Features to sluice the residual sludge and heel from the container followir~ offloading.
° Survive an engulfing fire as d ribed in . umaszewski (1996).

( ym), ougha 1
(1.5 in g a dry disconnect coupler.

Air displaced from the container during fill operations will be vented through at least two passive,
High Efficiency Particulate Air (HEPA) filtered vents, which are capable of being sealed during
transport. During loading, the container will be monitored to control sludge volume and fissile
content using level detectors and non-destructive assay instrumentation features which will be
interlocked with the Sludge Loadout System at K Basins.

After the sludge is loaded into the container, the container contents will be sampled and
chemically adjusted to meet AW Tank Farm waste acceptance criteria.

At the time of removal from the basin, the sludge characteristics will be obtained and
compared to the operational safety limits established in the Safety Analysis Report for Packaging
(SARP) using Non-Destructive Assay (NDA) or actual laboratory analyses of samples. Safety limits
in terms of maximum allowable heat load, maximum dose rate, criticality prevention, and gas

:neration will be established and documented in the transportation system s SARP, will not be
exceeded.

The transportation system will include a pumping system with the capability to transfer sludge
from the container to the tank. The container pumping system mates to a 1.5 inch transfer line via a
dry disconnect coupler. Controls for the pumping system will be interlocked with the tank farm’s
Sludge Receiving Station leak detection sensors. Connections and equipment will also be provided for
the TWRS supplied utilities (i.e., electrical, flush water).

Shielding for the container will be based on the highest specific activity sludge, with the
sludge settled to the bottom of the container. Shielding may be integral with the container or be
provided as an overpack.

K Basin Sludge Safety Assessment 3.2 May 30, 1997
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Radiation levels emitted from the shipping container are targeted to be less than:

1) 100 mrem/hr at 2 cm from any external surface point of the package.
2) 10 mrem/hr at 2 meters from the package (exclusive use limit).
3) 2 mrem/hr in any normally occupied position of the tow vehicle.

These are somewhat lower than the radiation dose rate limits required for over-the-road t sportation
containers (see 49 CFR 173, Subpart I). These lower limits were specified for ALARA purposes,
due to the need to control occupational exposure during K Basin sludge retrieval operations which
will be peformed in areas which have relatively-high background radiation field.

Container ports and clo es v "' be sealed from the atmosphere during transport with positive
closure devices which are designed to not be able to be opened unintentionally. Seals and sealing
) » protected during equipment handling processes.

The container is currently planned to have at least two passive, HEPA-filter ~ vents. The
filter system will be sealed from the atmosphere while the container is under transport.

The container will be designed to minimize the size of the sludge heel to minimize radiation
exposures during handling and transport of the “empty” container. The container interior is to be
designed to allow for removal of the majority of sludge heel, including particles as large as % inch.

3. 3 Transport Trailer
The design requirements for the trailer include the following:

1)  be a National Highway Traffic Safety Administration (NHTSA) registered trailer.

2) be an open lowboy, single-drop, 30 ft overall length, and 8 ft wide.

3) have a minimum concentrated load capacity of 60,000 lbs.

4) have container attachment cross-members meeting the securement systems requirements of 49
CFR 393.102 (d).

The packaging will be attached to the trailer either with a tiedown and/or blocking and
bracing system with sufficient strength to preclude yielding of material in the system, the container,
the container lifting/tiedown attachments, the tiedown devices, the blocking and bracing devices, the
trailer attachment points, and the trailer itself, when subjected to:

“... a static force, positioned at the center of gravity of the container, having a vertical
component of 2g, a horizontal component along the direction of v: icle travel of 10g, and a
horizontal component perpendicular to the direction of vehicle travel of 5¢, with the g factor
applied to the weight of a fully loaded container with attached sup rt hardware.”

The trailer landing gear will be provided with a two-speed, manual crank with sand ads
capable of accommodating a fully loaded trailer.
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Additional i1 rmation related to the transfer operations are as follows:

The HEPA filters on the Sludge Transportation System will be sealed for transport. This will
allow the hydrogen gas to build up within the container during transp t.

A flush hose and water supply will be provided to flush the Sludge Receiving Station and the
Sludge Transportation System.

A temporary radiation zone will be established around the Sludge Receiving Station in tank

farms. The temporary radiation zone will be removed after each transfer is complete.

™ '~ compressor shown on conceptual drawings of the ti “er (Fi; e 3.2) not a final
It n tentatively on the drawings and is intended to provide |

force (electric-driven pumps are also under consideration) and, if n  ed, to 0

the cask to assist in the pumping process.

The main electrical power source for the transfer equipment will be tank farm power. The
truck will : o be provided with a small generator to use in case normal power is lost. The
generator will likely be diesel powered.

Operations are currently envisioned to include a period of time to allow the sludge to be
mixed after the trailer has been positioned on the spill retention basin at tank farms. he
operating scenario was envisioned to first start the mixer pump and then let the sludge mix
while operators are performing the connection activities.

No specifications are available for the connections to the Sludge Transportation System outlet
valves. A quick-connect system is planned to minimize the time operators spend near the
transportation system to establish connections. The coupler is envisioned to be a self-sealing,
no-drip, quick-disconnect coupler that automatically closes when the connection is broken.
The design of the connectors will accommodate the use of glovebags during the offload
process.

Automatic pump shutoff capabilities will be provided; auto-shutoff will occur if a le is
detected or if low-level is sensed in the container. Also, depending upon pump design, a
pump overpressure shutoff may be provided.

There are currently no plans to provide gravity-drain capabilities for the transportation
system. Pumping will be the only way to remove the sludge from the container.

Portable shielding, such as leaded blankets or lead bricks, will be provided for the flexible
transfer hose to reduce dose rates. These shields will be placed over the flexible line before
the transfer occurs. Operator stay time will also be limited in this area. Because the transfers
will be performed from a control panel on the trailer, there will be no nee for the operators
to remain near the flexible line for any length of time, except dur g the connection process.
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. A current goal for the transportation system includes a maximum allowable dose rate at the
cask surface of 100 mrem/hr as opposed to 200 mrem/hr for transportation authorization
purposes. The lower limit is being specified to minimize operator dose.

° The cover gas in the container was assumed to be air.

. Aboveground portions of the tank farm receiving station include only the Sludge
Transportation System (including the flexible transfer line), and the tank farm end of the
transfer pipe.

i An off-the-shelf spill retention basin will be provided in tank farms. The truck will drive

onto the spill retention basin, the tractor will be uncoupled and moved away, and the trailer
chocked. The spill retention basin is capable of supporting the loads envisioned for the
offload process.

3.3 A TA <CFARMD C’Rl ION

This section provides a description of the tank farm with special focus on the double-shell
tank 241-AW-105. The information contained in this chapter serves as the basis for the safety
assessment for identifying and evaluating potential risks associated with the transfer of K Basin sludge
into DST 241-AW-105. '

The AW tank farm is located in the 200 East Area at the Hanford Site. Figure 3.1 provides
the map of the Hanford Site. Figure 3.5 shows the tank farm configuration at the 200 East Area.

3.3.1 Structure of Double-shell Tanks

Tank 241-AW-105 is referred to as a double-shell tank (DST). A DST (see Figure 3.6) is
comprised of four major structures; a primary tank, a secondary liner, a concrete " :l, and a support
pad. The primary safety function of a DST is to contain the radioactive liquid waste over the lifetime
of the facility.

The primary tank is a free-standing, completely enclosed, steel structure that contains and
confines the waste. The concrete shell supports the primary tank and isolates the primary tank and
secondary liner from soil loadings, dead loads, live loads, seismic loads and loads caused by
temperature gradients between the tank waste and the soil. The foundation of the concrete shell
contains drain lines and sumps to collect leakage from the secondary liner. The secondary liner lines
the concrete shell, extending along the bottom, side, and upper haunch of the concrete shell to the
upper knuckle of the primary storage tank. The support pad is located between the bottom of the
primary storage tank and the secondary liner and supports the primary tank, provides a means of
detecting leaks from the primary tank, and provides a means for cooling the primary tank.

The design codes and standards followed during the construction of the DSTs are provided in
Appendix 3A. The following sections discuss the confinement features of the double-shell tanks.
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Primary tank dome risers are provided for instrument access to measure and/or monitor or
perform the fol vii functions:

Temperature/pressure
Specific Gravity
Liquid/sludge levels
Liquid/sludge sampling
In-tank photography
Visual inspections
Ventilation d pumping.

A risers are provided for the following functions:

Liquid leak de tion instruments
Annulus pump pit risers

Access or inspection

Periscopes

Still and television cameras

Ventilation air supply and exhaust ducts
Temperature monitoring.

3.3.1.6 Pits

Pump pits are constructed of reinforced-concrete walls and floors located below grade and are
provided with removable reinforced-concrete cover blocks which are approximately at grade
elevation. Personnel are protected from radiation by the 20 in. thick cover locks. The configuration
of the piping in the pit may be painted on the cover blocks to show the operator the routing of the
liquid waste and the valve positions.

Each tank is equipped with at least two concrete pits to be used in tank contents removal.
A central pump pit is approximately centered on the tank. An annulus pump pit is positioned over
the annulus. Feed pump pits are located off-center on specific tanks. A1 :detec m well and pump
pit are located off the perimeter of the tank. T ip access to the tank, a  us, or pit is provided
through a riser that terminates inside the pit.

Pumps are used to remove liquid waste from primary tanks, annuli, and leak detection pits.
These pumps are portable; however, pumps that become contaminated during a trz fer operation in a
particular pit may remain permanently installed in that pit.

All AW tanks have a central pump pit, an annulus pump pit and a leak detection pit. Tank
AW-102 has two additional pits, i.e., a feed pit and a drain pit, which are not described here.

3.3.1.6.1 Central Pump Pit

Central pump pits are approximately centered on the tanks and have three purposes:
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Table 3.1 Current Status of AW Tank Farm Storage Ta

Waste Inte- Supernate Drainable Interstitial Sludge Saltcake Intrusion

Material grity Volume Liquid Volume Volume Volume Interim Preven-
Classification | Cate- Watch List Stabilized tion

Tank/Facility m gory Designation K Kgal . K Kgal K Kgal Kgal Complete
241-AW-101 DSSF Sound | Hydrogen 3948 1043 8 2 318 0 0 No No
214-AW-102 DN Sound | Not listed 348 92 0 0 4 0 0 No No
241-AW-103 DN/PD Sound | Not listed 572 151 140 37 1374 0 0 No No
241-AW-104 DN Sound | Not listed 3160 835 185 49 678 ! 420 111 No No
241-AW-105 DN/PD Sound | Not listed 1230 325 110 29 1124 297 0 0 No No
241-AW-106 DN Sound  Not listed 916 242 159 42 799 322 85 No No

n

Waste material classifications are abbreviated as follows:

Removal Waste, transuranic (TRU) waste,

DSSF = Double-shell Slurry Feed; DN = Diluste Non-complexed Waste; DN/PD = PUREX Neutralized Cladding
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Air is introduced into the tank head space through air purge instruments and by outside r
drawn into the tank through pit cover blocks and risers because of a vacuum created by the exhaust -
blower. A.ir is then drawn out of the tank through a 12-in. diameter duct and 1ito a below grade
exhaust header. Primary tank exhaust ducts have air volume control butterfly valves located in vent
pits. After leaving the vent pits, exhaust ducts combine into one 16-in. diameter duct. The exhaust
header terminates at the primary K1 exhauster unit located on the primary ventilation pad.

At the prim ¢ ventilation pad, the air passes initially through a demister consisting of a wire
mesh pad that separates heavy moisture particles from the air stream, and then through one of two
motor-operated valves. Valve positions are automatically controlled by differential pressure switches
which measure differential pressure (DP) across the blowers. The air then passes through a heater,
which removes most of the remaining moisture.

The dry hea | air is prefiltered for particulates by a National Bureau of andards filter.
Next there are two . PA filters mounted in series to remove particulates as small as 0.3 microns
with at least 99.95% efficiency. Smaller particles can be trapped by the filter but it is not rated for
any particle smaller than 0.3 microns. Two differential pressure (DP) indicators across the HEPA
filters monitor operating conditions. Low DP indicates low air flow or a failed filter. High DP
indicates blockage due to accumulated solids or possible ice formation on the filters.

Passing through the filters, the air is then drawn through a K1 Blow and exhausted out the
K1 stack. A CAM monitors effluent radioactivity levels and a record sampl collects representative
samples before discharge to the atmosphere.

Under normal operating conditions, only one of the dual primary vent systems operates at a
time. The other unit provides back-up support in case of equipment failure, EPA filter changes, or
will automatically start in the event of an exhaust fan failure.

Under normal circumstances, one of the K1 demisters is valved in and the o] dsite demister
is valved out.

3.3.2.1.2 Annulus Ventilation System

The annulus ventilation system for AW tank farm is illustrated in Figure 3..  The air intake
to the annulus of each tank is designed for 800 scfm and is routed through a 35% efficiency prefiiter
and a "non-compliant™ self-contained HEPA filter before being supplied to the annulus air distribution
channels of each tank. The airflow exhausted from the annulus of each tank is combined and then
routed through both exhaust trains, with each train consisting of a demister, an electric heater, two
HEPA filter housings, and a fan, before being exhausted from a stack to the atmosphere. One
notable difference is that each AW HEPA filter housing consists of three HEPA filters mounted one
on top of the other. The total airflow rate through the annulus ventilation systems for AW tank farm
are designed to handle approximately 5,250 scfm.

Instrumentation is above grade and is located at the exhaust unit and/or in the instrument
building. All primary ventilation, instrumer ~ “'on, duct work drains, and seal pots are protected from
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obtaine by attaching a portable DC meter to the terminals provided at the riser and lowering the
electrodes until contact with the liquid surface is indicated by initial positive deflecti  of the DC
meter, as described above.

High-Level Detectors — The high-level detector assembly consists of an electrode suspended
from the riser. High-liquid level is detected when liquid contacts the electrodes and completes the
electrical circuit across the electrodes. Readings in excess of high-level limits in tanks will engage
the area pump interlock (shutdown) system, and provide audible and visual alarms.

Sludge Level Monitoring
Voo oted=-1=--==is commonly formed in the bottom of waste storage " 3 as the

pr ~ "~ Itis necessary to monitor this sludge depth. Changes in

the sludge level would 1ndicate a change in tank solution makeup, and in S« e cases w clar

unexplained changes in liquid levels.

Sludge levels are measured manually by attaching a weighted steel measuring tape, and
lowering the weight ( 0 known as a "doughnut”) until sludge is contacted. The tape is read at the
top of the riser flange. ’

There are four methods of taking sludge-level readings. In each m 10d, a steel doughnut or
pancake is attached to the bottom of a calibrated tape or wire and lowered into the tank until it rests
upon the sludge. A reading is then obtained from a reference point. Whenever a sludge level is
taken, it is accompanied by an LIT gage or manual tape reading when available.

The three types of sludge-level equipment are listed here:

1. A Flake-type, plexiglass-enclosed, reel-mounted tape. The tape is slowly lowered u 1 it
bows upon contact with the sludge. A reference line on the face of the unit is used to
determine the reading. This is known as a "slack-tape reading.”

2. Using an older-type reel-mounted tape atop a tank riser, the tape is lowered until the doughnut
rests upon the sludge. The tape will bow in the same manner as in the Flake type.

3.  The horizontal mounted tape is used in the same way as the flake-type unit. The tape will
begin to arch up from the horizontal surface upon contact with so! ; in the tank.

Double-Shell Tank Farm Liquid Level Monitoring

Several methods are used to measure a tank liquid level. In all cases, the measurement
represents the depth of liquid from the bottom of the tank. This figure is multiplied by a conversion
" factor to calculate the volume (in gallons). In all 75-ft diameter tanks, 1 in. of liquid represents
2,750 gal.
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Leak detection pit SpG transmitter

WF transmitter providing a signal to the Leak Detection Pit WF gage

WF transmitter, providing a signal to the Leak Detection Pit WF alarm switch

Transmits primary tank pressure to high/low pressure alarm, annunciators, and narrow range
(4 in. to +1 in. WG) pressure recorder

. Transmits primary tank pressure signal to the wide range (-10 in. to +80 in. WG) pressure
recorder.

Transmitters for pressure, WF, and SpG convert hydrostatic pressure differences (across dip
tubes) into pneumatic signals. The signals relay to the instrument building, transmit to the pressure

switch rack, and acti ¢ respective WF alarm switches. These switches convert the sig ' from
[ umatic to electri * then ener, "~ annunciators on instrument building panelboards.

Pit/Box and Transfer System Leak Detection System

Part of this system addresses the leak detection equipment associated with the pump pits,
sluice pits, valve pits, COBs, diversion boxes, transfer boxes, and some encased transfer lines. This
part of the system includes dual probe electrodes, induction-type relays, fail-safe relays, transmitters,
and reset switches. The other part of this system is evident in some transfer lines, which have a 2-in.
test riser installed to provide radiation monitoring and leak detection capability.

Leak detection conductivity probes are located in the following pits:

Central pump pits
Annuli pits

Leak detection pits
Valve pits

Flush pit

Service pit

COBs

Control stations, each near the serviced tank, hold single-m« ted detection monitors for the
central pump it, annulus pump pit, and leak detection pit. Each tank’s « itrol station is identical.

3.3.2.2.3 Waste Sampling Equipment and Methods

Sampling is carried out based on the type of waste in each individual tank. The types of
sampling efforts that support various TWRS activities include push-mode and rotary-mode core
sampling, grab sampling, auger sampling, and various types of vapor sar ing.

Core Sampling

Core sampling is the task of remotely obtaining samples of solid or semi-solid material stored
in the tank farm waste storage tanks. Essentially, core sampling consists of boring a hole into the
solid/sludge mixture in the tank with a hollow tubular drill string. A pc on of the material inside
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process pit or if a transfer line encasement is activated. The purpose of interlocking detection and
equipment circuitry is to detect abnormal conditions and protect personnel, environment, and
equipment. Pump shutdown interlock sequences related may be initiated from various sources
including leak detectors, flush line limit, and pressure switches. In addition, pumps are interlocked
with their own internal circuitry, such as when the pump motors draw unusually high or low
amperage. In general, pumps are interlocked with only those detectors that « 1 detect an off-standard
condition caused by that pump.

All central pump pit pumps in the 200 Area DSTs are shut down together, by interlock, if any
of the following occur:

g Any one o switches in the 242-A Evaporator control 1 n is activ «d.
o The: a valve or | ~p pit.

A tank rm area radiation monitor relay, process pit leak detector r iy, and the master.
shutdown switch relay must be activated to allow the master shutdown relay (e.g., K-241-AN-MSDA,
K-241-A-MSDA) to be activated. Anything that activates the master shutdown relay will shut down
the 241-AN, 241-AP, 241-AW, 241-AY, 241-AZ, and P-B-2 pumps and prevent the pumps from
restarting.

If any one of the process pit leak detector relays is activated because of a leak or circ
failure, the interlock r iy will activate, sending a "fail" signal to three locations. One of these
signals activates the control room’s leak detection alarm for the process pits. The second signal is
sent to the instrument building’s leak detector transmitter. The third signal activates the master
shutdown relay, which thereby trips other interlocks and stops the pumps.

3.3.2.3.1 Pump Interlocks

Pump shutdown interlocks are related to various sources including high-radiation detectors,
leak detectors, flush line limit and pressure switches. In addition, pumps are interlocked with their
own internal circuitry, such as when the pump motors draw unusually high or low current. Pump
control, interlock circuitry, and master pump shutdown system devices are provided to prevent
contamination of the environment, equipment, and facilities if a leak occurs during waste transfer
operations. The existing pump in AW-105 will not be used for either transferring K Basin sludge into
the tank or for retrieval. However, a similar pump shutdown system is anticipated to be provided on
the K Basin sludge transport system.

3.3.2.3.2 Pressure/Limit Switches

DST transfer pumps, jumpers, and transfer lines are equipped with safety interlock systems
that prevent operation or initiate an alarm when a hazardous condition exists.

Limit switches are primarily used in valve pits w" e transfer line routing changes are made.
A limit switch is an internal gear mechanism that activates a set of contacts when the drive shaft has
been moved. A small lever extending from the limit switch is mechani * ' triggc 1 as the valve
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Fire Hy ants

Fire hydrants are provided throughout the 200 East and 200 West Areas. These hydrants are
connected to either the RWS and SWS grids. Their coverage and adequacy are evaluated in WHC-
SD-WM-FHA-020.

Fire Extinguishers

Portable fire extinguishers are provided throughout the tank farms. Mobile equipment used in
the area are also equipped with portable fire extinguishers. Installation of e; nguishers, inspections,
maintenance and employee training are in compliance with NFPA 10.

5  —

Utility distribution systems for the Hanford Site underground waste storage tanks and their
associated facilities, described in the following paragraphs, include the following:

Water Supply Systems.

Steam Supply Systems.

Compressed Air Systems.

Electrical Power Distribution System.

3.3.5.1 Water Supply Systems

All water for the 200 East Area is supplied from the Hanford Site Export Water System
(EWS). Export water is defined as water that is pumped from the Hanford Site reservoir to
reservoirs located in the 200 East and West areas. Water is distributed throughout the area by the
two separate systems, the RWS and the SWS. Raw water is untreated, and unchiorinated water is
used principally for cooling, flushing, and dilution systems. Sanitary water is treated (filtered,
purified, etc.) water used for drinking and sanitary facilities. These are sh d systems, both
providing water for sanitary, process, and fire protection uses.

el S

Due to the lack of redundant water supplies in the 200 East Area, ' approved pumps and
controllers, and verification that the water system can sustain earthquake damage, the water  pplies
do not meet the minimum requirements of National Fire Protection Association (NFPA), Factory
Mutual (FM), DOE 5480.7 and DOE 6430.1A.

3.3.5.2 Steam Supply Systems

Steam systems are not needed for siudge offload or storage operations. Steam was formerly
supplied to AW tank farm from the 18-in. PUREX plant main. This system has since been blanked
off from both the PUREX and AW farm ends of the steam line. Therefore, there is no possibility
that steam line failures or inadvertent operation of the steam system could affect K asinsludge
offloading and storage activities.
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‘TTTTIDIX 3A

AW TANK FARM DESIGN CRITERIA
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Stress Relief (Primary Tank)
Design Life

Tank Wall Temperature

Primary Tank Const ction Material

Secondary Tank Construction Material

Process Piping

Annulus Ventilation System

Primary Ventilation System

Air-Lift Circulators

Radiation Exposure

1,100°F for 1 h

50 yr based on 1 mil corrosion/yr
200°F maximum

ASTM A 537, Class 1 carbon steel

ASTM A 537, carbon steel
Reinforced concrete

American National St 1a ~ Institute B-31.1

Criteria

0. &sl_  nimum
Pressure: 400 psi
Encased

Heat-traced

4,800 cfm maximum
Double HEPA filtered
Stack monitor/sampler
Redundant system

1,000 cfm maximum
Prefilter

Double HEPA filtered
Stack monitor/sampler
Redundant system

2 air-lift circulators in AW-102 for feed tank
purposes only

Adequate shielding from cover blocks and
earth cover
1.0 mR/h
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flammal : gas deflagration/explosion hazard. There are currently no specific uranium metal
content limits for tank wastes.

° Sand (SiO,) content: K Basin sludge will contain a significant amow of sand that could
potentially affect the heat transfer properties of the commingled wastes. There are currently
no sand or SiO, content limits for tank wastes.

. Nitrate/nitrite concentration: The nitrate and nitrite concentrations in K Basin sludge e
well below = tank farm corrosion control specificati This creates the p ntial for
accelerating corrosion of the AW-105 tank liner, resulting in reduced lifetime and increased
likelihood of tank leaks. It is likely that K Basin sludges will required sampling and
adjustment to increase the nitrate/nitrite concentrations to meet the tz : farm’s corrosion
control specification.

A pH: The pH of K _isin sludge is approximately neutral he s AW-105 ast y
alkaline, primarily to prevent Pu-239 and Pu-240 from becoming solubilized. Consequently,
the pH of the K Basin sludges will have to be adjusted prior to its transfer into AW-105.

. Cs and Sr content: The Cs-137 and Sr-90 content of K Basin sludge may exceed the limits
specified in tank farms operating specifications that are derived from the maximum allowable
heat load for a full tank. High Cs-137 and Sr-90 concentrations may also represent an
external radiation hazard when K Basin sludges are within the Sludge Transportation System
or being pumped through the Sludge Receiving Station. The Cs-137 and Sr-90 content of the
sludge and the applicable external dose rate limitations are being considered in the designs of
these systems.

. Polychlorinated biphenyl (PCB) content: K Basin sludge characterization activities have
identified the presence of PCBs in some samples. The PCB concentrations appear to be
below levels that would pose a significant health hazard. However, e presence of PCBs in
the sludge creates a potential issue relative to compliance with the Toxic Substances Control
Act (TSCA), including potential TSCA coverage of the final waste disposal | »duct form of
the sludge.

. Chemical compatibility: Chemical compatibility of K Basin sludge and AW-105 wastes must
be ensured to reduce the potential for exothermic chemical reactions when the two waste
materials are commingled. Mixing studies with actual K Basin sludge and AW-105 solids and
supernate samples are currently underway to determine whether or not commingling these
wastes would result in a chemical reaction leading to a temperature ange, pH change,
hydroxide consumption, precipitation, etc.

In general, the most significant unique safety issues with the K Basin sludge materials and safety
issues relative to commingling the sludges with AW-105 wastes are associated with potential
exothermic chemical reactions (pyrophoric and incompatible chemical reactions), flammable gas
generation and retention, criticality safety (including chemical reactions that could increase reactivity
and preferential settling of like-sized particles). Note that the waste compatibility and criticality safety
program requir  nts are currently being addressed and requirements will be identified to minimize
the likelihood and/or consequences of these hazards. Failure to adequately implement these
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Example(s)

——

Hazards NOT Identified During Activity

Moisture - Hig Humidity
Pressure - Low
Radiation - Non-ionizing

Moisture - Low Humidity
Radiation - Infrared
Radiation - Ultraviolet
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5.0 EXTRINSIC HAZARDS AND NATURAL PHENOMENA

This chapter presents a preliminary assessment of the frequencies and consequences of natural
phenomena hazards relative to K Basin sludge offloading and storage activities. Extrinsic hazards
addressed here include aircraft and vehicular accidents. Natural phenomena hazards include seismic
events, tornadoes, ashfall, high winds, floods, lightning, and snowfall. The formation in this
chapter forms the basis for selection of appropriate extrinsic hazards and natural phenomena for
detailed evaluation.

5.1 PRELIMINARY ASSESSMENT OF EXT""ISIC HAZARDS

Because of its relatively rigid construction, location, and low profile, the AW tank farm and
specifically tank 241-AW-105, are not likely to be * ied by extrinsic hazards such as falling
aircraft and out-of-control vehicles. Because the tank farms are located with the 200 Areas and
access is restricted, truck, auto, railroad traffic, and vehicular  idents are not = " ' to nt a
significant hazar to the facility. Vehicular accidents outside the tank farm involving the sludge
shipping container are addressed by its SARP (to be prepared). The probability of airplanes crashing
into the tank was assessed using the methods and data in Nuclear regulatory Commission (NRC)
(1981) to determine if this type of accident poses a significant hazard.

5.1.1 Aircraft Impact from Richland Airport

The Richland Airport is located approximately 32 km (20 mi) to the southeast of the AW tank
farm. It is classified as a general utility airport. The activities include recreational 'ing, pilot
training, charter flights, air taxis, and some business flying. The airport is no longer used for air
commuter traffic, and the normal airport traffic is for planes weighing less than 5670 kg (12,500 Ib).
The present level of aircraft activity is approximately 36,000 takeoffs and landings per year.

The probabilities for aircraft crashes near airfields (see Table 5.1) were extrapolated to airport
distances out to 32 km (20 mi.) from the AW farm. Based on this extrapolation, the general aviation
crash probabil ' at 20 miles from the airport runway was estimated to be less than 1E-09 fatal
crashes per square mile per aircraft movement. Similarly, the commercial aircraft crash probability
was estimated to be less than SE-10 fatal crashes per square mile per aircraft movement. The larger
value was also used as a conservative approximation of U.S. Air Force aircraft crash probabilities at
20 mi. from an ai oOrt.

Based on a value of 1E-09/mi’ per aircraft movement for general aviation aircraft and an
overall target area of 1.2E+0S fi® (4.3E-03 mi®), representing the entire area of the AW farm to
account for skid area around tank AW-105 and potential damage to the HVAC system, the frequency
(F) of aircraft associated with the Richland airport crashing into the AW tank farm is estimated to be

F 1E-09/mi’* x 4.3E-03 mi’ x 3.6E+04 takeoffs/landings/yr
1.5E-Q7/yr

ou
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(2) At the time of the strike, the tank must contain a flammable gas above the Lower
Flammability Limit (LFL) or organic materials in sufficient concentration to support
combustion, '

(3) The discharge must pass from the riser or appurtenance into the tank via coni ction paths
such as instrumentation lines or other equipment connected to the tank riser,

(4) The discharge must be of sufficient energy to create an arc or cause high enough temperatures
from ohmic heating to ignite the materials.

Analyses of these factors as discussed below result in a determination that a lightning-initiated
oreanic-nitrate fire is extremely unlikely. Lightning-initiated organic-solvent fires and flammable gas
dc._.grations are unlikely (LMHC 1997).

A n er of studies have been p  med to the - Thgt ost 7T
ground or facilities at the Hanford site. Calculated values based on world-wide ngntning strike
distributions as a function of latitude appear to overpredict the rate of lightning strikes for the
Hanford site. Depending on the method, calculations predict as many as 3.8 strikes/year/km? to as
few as 0.3 strikes/year/km? at the Hanford site. These calculated values are ch greater than the
frequency observed by the National Lightning Detection Network and the Bureau of Land
Management in the region around the tank farms for the 10 years ending in January 1996. After
accounting for detection frequency and uncertainties, the observed rate was determined to be 0.06
strikes/yr/km? (Zach 1996). This value is consistent with, but slightly higher, than the lightning
strike frequency calculated by the National Lightning Safety Institute (NLSI 396) for the Hanford
Site, and more specifically, for the 200 East and 200 West Areas.

Using the observed 0.06 strikes/yr/km? as a best estimate of lightning strike frequency, and
considering the cross-sectional area of a large DST to be bounded by 410 m? (4.1E-04 km?; based on
tank diameter of 22.9 m), the likelihood of a direct strike over a particular tank is 2. 5E-05 strikes per
yr. For such applications, the value may be conservative because:

. the average strike frequency in the tank farms is less than 0.06 strikes/yr/km? because the
study area included higher elevations in the region such as Rattlesnake Hills.

° it is assumed that a strike anywhere over a tank will hit a riser, and there are no other nearby
preferential paths (light poles, etc),

° the equivalent target area of the immediate zone around the risers of typical tanks is about 40
m? or one tenth the tank area. Strikes outside the 40 m? may dissipate without causing an
ignition (particularly ignition of organic materials).

Based on information in Zach (1996) and NLSI (1996), it is likely that the tank structures
would provide protection to the waste from lightning that strikes a riser. The tank structure forms a
“partial Faraday shield” that would direct current around and away from the waste in the tank. The
ignition likelihood given a strike is most likely conservative because: (1) ¢ erience data show
lightning stri  at the Hanford site average -~ ' about 30,000 amps (Zach 1996), (2) the tank must
have a geometry favorable to arcing in or near the waste surface, and (3) most energy would
preferentially dissipate through the comparatively conductive concrete and rebar. Based on this
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Severity Category S2

Al Sludge container dislodged from trailer due to collision, container is breached, contents il
onto ground.

A2 Sludge container dislodged from trailer due to severe driving error, container is breached,
contents spill onto ground.

A3 Sludge container dislodged from trailer due to liquid sloshing (changes center of gravity),.
container is breached, contents spill onto ground

Al10 Rapid shipping container corrosion due to improperly-neutralized sludge results in shipping
container failure and spill of contents onto ground.

All  Interruption of transfer operation causes shipping container to be set aside in tank farms.
Results in accelerated corrosion rates and container failure, leading to spill on ground.

A23  Solar heating of container surface distorts seals, resulting in loss of containment barrier and
pressurized r¢  se from container.

A24 Mishandled welding equipment or mat ds  :t container surface,
results in pressurized release from container.

A25  Lead shielding material in container slumps due to overheat or impact and causes excessive
radiation dose rate.

A26  Water in container freezes, volume expands, and fails container wall or penetration.

A35 Improperly sealed container leaks material to environment.

A36 Container penetration seal fails, leaks material to environment.

A37  Improperly sealed HEPA filter penetration leaks material to environment.

A42  Gases/vapors released from container, workers exposed to airborne material.

A43  Ciriticality in shipping container

A48 Road vibration causes incomplete seal, gases/vapors released from container.

A49  Road vibration increases internal pressure, material released when container seals broken
during connection activity.

B7 Air/oxygen passes through open container vents, contacts sludge, and chemical react 1
produces heat and pressure that expels material from ita’

B10  Chemical corrosion causes failure of transfer component, releases material to the
environment.

Bl1l  Galvanic corrosion (dissimilar metal contact) causes failure of transfer component, releases
material to the environment.

B12  Loss of lighting causes improper connection, leading to pressurized release when transfer
begins.

B13  Loss of sludge mixer in container causes excessive vapor generati when mixing restored,
vapor released to environment.

B14 ©  Electric fault in transfer pump, I&C system, causes transfer to be interrupted, causes
excessive vapor generation when transfer restarted, vapor released to environment.

B21  Solar radiation embrittlement fails receiving station equipment, results in spray leak during
transfer.

B22  Cold weather conditions freezes  ‘erial in receiving station equipment, plugs lines or valves,
results in failure of receiving station due to excessive pressure and spray release.

B25 Containe railer struck by moving vehicle, connection broken, material released to the
environm-=nt.

B26  Failure ¢ ‘eceiving station line connections caused by fatigue, release occurs during transfer.

B28  Receivin itation line rupture during transfer releases material to the environment.

B33  Normal pump pressure fails transfer lines, connections, causes spray leak.
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D16

D17
D18

D19
D21
D22
D23
D24
D25
D26
D27
D31
D32
D33
D34
D35
D41
D42

D43

D45

D46

D48
D49

D50

D51
E5
E6
E7
E8

E9
E10
Ell

El12
E13

Use of non-intrinsically-safe tools and equipment during tank farm surveillance/maintenance
activities creates spark (ignition source), contributing to the occurrence of an explosion or fire
in the HVAC system.

See other fire scenarios.

Solar exposure heats HVAC components, fails or distorts seals, and results in gas release
event.

Frozen lines create flow blockage and subsequent overpressurization.

Internal flooding of HVAC system caused by rupture or overflow of moisture separator.
Excessive HEPA filter loading leads to loss of efficiency.

Excessive moisture on HEPA filter leads to loss of efficiency.

Excessive air/vapor temperature applied to HEPA filter leads to loss of efficiency.

Chemical reaction on HEPA filter media leads to loss of efficiency.

HEPA filter rupture or bypass leads to loss of filtrar’

Structural damage leads to loss of HEPA filter efficiency.

Ground creep causes excessive pressure in HVAC system, =~ confinement boundary.
Plugged pipe/duct leads to HVAC overpressure, leading to structural failure.

Damper fails closed causing HVAC overpressure, leading to structur: failure.

Loss of exhaust fan causes HVAC overpressure, leading to structural failure.

Moisture separator failure causes HVAC overpressure, leading to structural failure.
Structural damage/failure of HVAC system confinement boundary due to mis es.

HVAC confinement boundary integrity lost due to excessive overburden on underground
lines.

Structural damage/failure of HVAC system confinement boundary due to drop of a heavy
load.

Structural damage/failure of HVAC system confinement boundary due to subsidence created
by flood.

Vehicle collision with aboveground equipment causes loss of HVAC system confinement
boundary.

Rupture/damage of HVAC component (heater, moisture separator, filter housing, etc.) causes
loss of HVAC system confinement boundary.

Nearby workers exposed to toxic vapors released from ventilation system.

Vibration from nearby heavy equipment operations or vehicle passage causes failure of HVAC
system con >nent and subsequent gas release event.

Transfer equipment vibration causes failure of HVAC system component and subsequent gas
release event.

See D45.

Hydrogen gas escapes tank, accumulates in pump pit, and explodes.

Flammable gas escapes tank, accumulates in pump pit, and starts fire.

Pyrophoric material accumulates in pump pit and starts fire.

Welding fire spreads to dome penetration or pump pit, fails seal, an leads to gas release
event.

External fire spreads to dome penetration or pump pit, ignites fla ble gas, and leads to gas
release event (potential contributing event).

Riser gasket degradation leads to loss of confinement boundary and subsequent gas release
event.

Riser or pu—p pit intentionally open leads to gas release event.

Riser or pu..p pit inadvertently left open leads to gas release event.

Infiltration through pump pit drain line leads to gas release event.
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7.0 ACCIDENT ANALYSIS

This chapter presents the accident analysis for the K Basin sludge offloading and storage
activities. The major steps in the analysis involved development of the frequencies and consequences
of the bounding accident scenarios, comparison to the WHC risk evaluation guidelines (; delines
from Rev. 1 of WHC-CM-4-46 were used here), and development of proposed controls to en: ‘e the
risks remain below guidelines. The information in this section also forms the basis for the Safety
Class Evaluation that is presented in Chapter 8. An overview of the general approach used in the
detailed evaluation of potential accidents is presented in Section 7.1. The accident analyses are
presented in Section 7.2. The approaches used in the accident analyses are described in detail in each
accident analysis subsection.

In each accident analysis, the accident is described, the frequency of the acc nt is
mi °~ " source term and consequences to the Maximum Exposed Individuals (MEI) onsite and
offsite are evaluated. The key assumptions used in the analysis are listed, and the need forc¢ s is
assessed. Estimates of the mitigated and unmitigated frequencies and consequences of each potential
accident scenario are discussed in each accident analysis subsection. Based on the results of the
accident analyses, the safety class and safety-significant SSCs are identified.

7.1  DESCRIPTION OF ACCIDENT ANALYSIS APPROACH

The general approach to the accident analysis is illustrated in Figure 7.1. As shown, the
design basis accidents identified in Chapter 6 were subjected to the detailed accident analyses in this
chapter. For each accident scenario identified in Chapter 6, unmitigated accident frequencies and
consequences were calculated and then compared to the WHC risk evaluation guide 1es given in
WHC-CM-4-46, Rev 4 (WHC 1996a). If the unmitigated frequencies and consequences were found
to be below the guidelines (i.e., PASS), the assumptions and bases for the accident equency and
consequence results were reviewed to identify potential TSR controls and ¢ ety class and safety-
significant SSCs. If the frequencies and consequences were found to be above the guidelines,
potential mitigation measures were identified that could reduce the frequencies and/or consequences of
the event. The unmitigated calculations were then modified to incorporate the effects of the
postulated mitigation 1easures. Mitigated accident frequency and consequence results were then
calculated using the modified values. The mitigated scenario results were compared to the risk
evaluation guidelines and, if the results were found to be below the guidelines, the mitigation
measures as well as the assumptions and bases for the frequency and consequence results were
reviewed to identify safety SSCs and potential controls. The cycle through the identification of
mitigation measures and re-quantification of the frequencies and consequences is repeated until
acceptable frequencies and consequences are developed.

The radiological and toxicological consequences of the design basis accidents were evaluated
for comparison against the risk evaluation guidelines. This required calculation of the radiological
dose and toxic chemical concentrations at the maximum onsite and offsite individual locations as a
result of the accidental releases. The following paragraphs describe some key assumptions d
definitions used in the consequence calculations.
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The external exposure pathways include submersion, ground shine, and direct exposure from
a concentrated radioactive source, such as a pool of liquid formed when radioactive material is spilled
to the ground. Submersion refers to the external dose received by a person located in the airborne .
radioactive plume during plume passage. Ground shine refers to the external dose received by a
person standing on or near ground contaminated by radioactive materials dej ited during passage of
the airborne radioactive plume. Because K Basin sludge shipments do not contain detectable
quantities of short-lived noble gases or iodines, the submersion doses are orders of magnitude )wer
than the inhalation doses. Similarly, the ground shine dose is several orders of magnitude lower than
the inhalation dose. The dose contribution from the direct exposure pathway is also insignificant
compared to that from e inhalation pathway for the tank farms accident scenarios except the
scenarios involving leakage fr  ruptured waste transfer lines. Such failures may result in a spill of
radioactive material that forms a pool of liquid ° results in a direct radiation dose from the surface
of the pool. For scenarios involving formation of a poo! of radioactive liquid, the direct dose

1e to” " dose is significant and is therefore included in the calc * S

B » used to compare against the risk € uation guideli .ot
radiological exposure calculations in this document are consistent with WHC-§ ,
Rev. 2 (WHC 1996b) and WHC-SD-WM-SARR-037, Rev. 0 (Cowley 1996).

Toxicological Exposure Pathways

- The toxicological source terms for K Basin sludge accidents in the tank farm consist of liquid
and solid particulates and gases. Evaluation of the effects of chemical exposure has been conducted
only for the airborne pathway. Exposure limits are based on the inhalation pathway. Exposure to
skin and the eyes is considered in development of the limits for corrosives and irritants, but inhalation
is the dominant pathway.

Particles transported to the maximum onsite or offsite individual are assumed to be respirable,
with Airborne Release Fractions (ARFs) and Respirable Fractions (RFs) determined by data specific
to the accident scenario. Concentrations at the maximum onsite or offsite individual location
computed using a Gaussian plume model for particles and gases. All material reaching the lung is
assumed to be retained in the body.

The other potential internal exposure pathway is the ingestion pathway. Ingestion of
chemicals could occur from consuming crops or animals that have been exposed to the chemicals.
Potential chemical exposures from the ingestion pathway are not included because there are federal
and state programs to prevent ingestion of contaminated food (DOE-RL 1994, WSDOH 1993, EPA
1992). This approach is consistent with the approach taken for radioactive exposures described
above.

Toxic chemicals are chemicals that can affect other vital organs. The risk evaluation
guidelines were based on those in the Emergency Response Planning Guide (ERPG) (AIHA 1989)
using the techniques developed by the Management and Operations (M&O) Committee (Craig 1993).
Risk evaluation guidelines for the chemicals of interest to this preliminary safety assessment were
taken from WHC-SD-WM-SARR-011, Rev. 2 (WHC 1996¢).
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WM-SARR-016 and WHC-SD-WM-SARR-037 according to the following formula:

Dose = ST * ULD * BR * X/Q
where ST = Source term (L)
ULD = Unit liter dose, Rem/L
BR = Breathing rate (m*/sec)
XQ = Atmospheric dispersion coefficient (sec/m®)

The ST values are calculated for each scenario involving DST waste releases ter in is chapter.

The ULD values, which are different than the unit doses from K Basin sludge releases described
above (i.e., ULDs do not include transport and uptake of the release materials), were taken from
Cowley (1996) and amount to 5.3E+07 Rem/L for DST solids and 6.1E+05 Rem/L for DST liquids.
A composite Ul for mixtures of DST wastes at 1/3 solids and 1/3 liquids was calculated to be
1.8E+07 Rem/L. The breathing rates used in the caiculations were 3.3E-04 m’/sec for t{  onsi

MEI and 2.7E-04 m*/sec for the offsite MEI (WHC 1996b). The values of the atmospheric
dispersion coefficients were also taken from WHC 1996b).

Radiological Inventory and Source Term Development

To calculate the Unit doses, it is necessary to determine release quantities in terms of the
amount of respirable material released. The released materials then must be characterized in terms of
their radioactive and chemical constituents since different materials have different health effects. The
quantity of respirable material released is then used in combination with the concentrations of the
radioactive (or toxic chemical) constituents in the material released to determine the inhalation dose
received by the maximum onsite and offsite individuals. The basic equation used to determine
accidental release quantities is the following: '

Q = MAR x ARF (or ARR) x RF

where Q = Release quantity (liters) or release rate (liters/sec)
MAR = Material at risk (liters)
ARF = Airborne release fraction (unitless)
ARR = Airbomne release rate (fraction per-unit-time)
RF = Respirable fraction (unitless)

The generation of the accidental release quantities or release rates is described in each of the
accident analysis sections. Note that in some cases accident release quantities or rates are derived
using information from referenced sources rather than the formula.

The material at risk in the above equation is represented by radionuclide and toxic chemical
concentrations in K Basin sludge. The radionuclide and chemical constituents of the sludge were
derived from sample data contained in Analysis of Sludge from Hanford K East Basin Floor and
Weasel Pit (Makenas et al. 1996) and Lodwick (1997). Note that Makenas et al. provides sample
data for K East Ba 1 floor and weasel pit sludge. Characterization data on K East Canister, North
Loadout Pit, and I :1 Wash sludges as well K West Basin Canister, N¢ 1 Loadout Pit, and Fuel
Wash sludges are * ing developed. The best available characterization data on these latter sludge
materials were prc..ded by Lodwick (1997) but should be considered preliminary.
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Table 7.3. Radionuclide Composition of Worst-Case Shipment of K Basin Sludge

Solids Composition,
Radionuclide Ci/L of as-settled Basin Water Compo- Composition of As-
solids® sition, Ci/L of water | shipped Sludge, Ci/L®

Am-241 1.3E-01 7.8E-07 1.3E-01
Bi-212 0.0E+00 2.4E-05 1.7E-05
Ce-144/Pr 2.2E-02 8.1E-02 7.9E-02
Cm243/244 6.8E-03 7.8E-07 6.8E-03
Co-60 5.2E-02 5.4E-04 5.2E-02
Cs-134 1.5E-02 6.6E-04 1.6E-02
Cs-137 5.0E+00 3.9E-02 5., +00

=TT 3.7E-04 8.8E-06 3.8E-04
Eu-154 4.7E-02 1. 03 2
Eu-155 1.3E-02 2.0E-03 1.4E-02
Nb-94 0.0E+00 5.5E-04 3.9E-04
Np-237 2.6E-05 4.5E-07 2.6E-05
Pu-238 5.1E-02 2.0E-07 5.1E-02
Pu-239/240 1.4E-01 2.0E-07 1.4E-01
Ra-226 0.0E+00 1.L.02 1.0E-02
Ru-106/Rh 2.0E-02 1.0E-02 2.7E-02
Sb-125 2.7E-02 5.9E-06 2.7E-02
Sr-90 3.8E+00 7.4E-05 3.8E+00
T1-208 0.0E+00 2.0E-05 1.4E-05
Y-90 3.8E+00 7.4E-05 3.8E+00
Pu-241 2.8E+00 0.0E+00 2.8E+00
Ba-137m 4.7E+00 7.4E-05 4.69E+00
U-233@ 7.3E-05 1.6E-09 7.3E-05
U-234 4.0E-04 8.5E-09 4.0E-04
U-235 1.2E-05 2.6E-10 1.2E-05
U-236 2.5E-05 5.2E-10 2.5E-05
U-238 2.6E-04 5.5E-09 2.6E-04

(@) The worst-case solids composition was determined to be fuel wash sludge.

(b) Assumed to be shipped as 30 vol% fuel wash solids and 70 vol% basin water.

(c) Uranium isotopic compositions were calculated from uranium masses given in able 7. 5 The
mass fractions of each isotope were calculated based on the isotopic mass fractions derived
from characterization data in Makenas et al. (1996).
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Table 7.5. Chemical Analyte Concentrations in Worst-case K Basin Sludge

As-Settled Sludge Basin Water Compo- Composition of As-
Analyte Composition, g/L*® sition, g/L shipped Sludge, g/L®
Ag 3.8E-02 2.0E-04 1.1E-02
Al 5.8E+01 1.5E-03 1.8E+01
B 7.7E-01 1.7E-03 2.3E-01
Ba 5.7E-01 1.0E-03 1.7E-01
Be 2.6E-02 1.0E-04 8.0E-03
Ca 3.3E+01 2.7E02 1.0E+01
Cd 7.7E-02 2.0E-04 2.3E-02
Cr 1.9E+00 3.0E-04 5.7E-01
T 9.5E-01 2.0E-04 2.8E-01
Fe 5.2E+02 1.L_ 03 1.6E+02
K 2.5E+00 0.0E+00 7.6E-01
Mg 4.8E+00 2.0E-03 1.4E+00
Mn 9.9E-01 2.0E-04 3.0E-01
Na 1.5E+01 5.4E-02 4.5E+00
Pb 1.1IE+00 2.0E-03 3.3E-01
Se 3.8E-01 0.0E+00 1E-01
Sm 3.8E-01 2.0E-03 1.1E-01
Tl 7.5E-01 4.0E-03 2.3E-01
Zn 2.1E+00 3.4E-04 6.2E-01
Zr 1.1E+00 2.0E-04 3.2E-01
8] 4.3E+02 2.0E-02 1.3E+02
Residue® 8.1E+01 0.0E+00 2.4E+01
CN 1.3E-03 5.5E-05 4.4E-04
S04 2.4E-05 1.6E-02 1.1E-02
PO4? 2.4E-05 3.3E-03 2.3E-03
NO3 3.5E-05 2.2E-03 1.6E-03
NO2 1.4E-05 1.9E-03 1.3E-03
Ccr 1.7E-05 6.2E-04 4.4E-04
F 1.1E-06 2.9E-04 2.0E-04
NH3* 7.5E-05 5.0E-03 3.5E-03
PCB 3.0E-03 0.0E+00 5.0E-04

CB = Polychlorinated biphenyl
(@) The worst-case solids composition was determined to be fuel wash sludge.
(b) Assumed to be shipped as 30 vol% fuel wash solids and 70 vol% basin water.
(©) Residue assumed to be sand or SiO,.
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Likely Chemical Form

or Compound(s) in
Basic pH formed by
Analyte addition of NaOH : Screening Results
OH" Free hydroxide ion. Yes. Covered by NaOH.

The following abbreviations were used in Table 7.5:
ACGIH = American Conference of Government Industrial Hygienists
NIOSH = National Institute of Occupational Safety and Heaith

(a) Based on WHC-SD-WM-SARR-011, Rev. 2, Appendix A (WHC 1996c).

Table 7.8. Toxic Chemical Concentrations in Worst-Case K Basin Sludge Shipment

Concentration Concentration Concentration
Analyte g/L® " Analyte g/L® Analyte g/L®

Ammonia 3.52E-03 Barium (Ba 1.70E-01 Beryllium 7.99E-03
(NH,;) soluble) : (Be)
Cadmium 2.31E-02 Chromium 5.74E-01 Copper (Cu) 2.84E-01
(Cd) (Cr*?, Cr*¢

sol.)
Polychlorina- 8.94E-04 Selenium (Se) | - 1.13E-01 Sodium 4.47E4+00
ted biphenyl hydroxide
(PCB) (NaOH)
Thallium (T1) 2.29E-01 Uranium (U 1.28E+02

insol.)

(@ Shipment consists of 30% K Basin fuel wash sludge and 70% K Basin water.

Unit Dose Calculations for K Basin Sludge Releases

Unit dose values were developed to represent the onsite and offsite radiological doses and
toxic exposures from a unit release (liters or liters/sec) of K Basin sludge. Derivation of the
radiological and chemical unit doses are described in the following paragraphs.

Radiological Unit Dose. The radiological unit dose represents the 50 year effective dose commitment
to the onsite and offsite MEIs from a release of one liter of K Basin sludge. The GENII computer
code was used to ¢ elop these values, based on the input parameters and assumptions described in
previous sections.  1e source compositions given in Tables 7.4 and 7.5 were input to the computer
code to determine ... unit doses. The code was implemented using 200 Area joint-frequency data
(Schreckhise et al. 1993) and the direction and distance to the maximum exposed onsite and offsite
individuals was specified (see above). GENII then performed the atmospheric dispersion, uptake, and
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o Pipes have a failure rate for leak of 2E—07/hr (no range given), based on Reliability

Technology;,
o Valves have a failure rate for leak ranging from 1E—09/hr to 1E—07/hr, based on
_ PNL —4153; '
° Human miscalibration has a "low" type failure probability (i.e., for a two-person team with

an operator check) that is lognormally distributed with a mean of 0.C ' and an error factor of
10, based on WSRC—TR—93—581 (a miscalibration has been deemed the closest
approximation to an assembly error from the WSRC—TR—93—581 data and will be used to
represe this type of error, henceforth referred to as an "assembly error");

° Supervisor verification has a "low" type failure probability (i.e., with a check-off sheet and
low dependence) that is lognormally distributed with a mean of 0.1 and an error factor of 3,
based on WSRC—-TR—~93—~581.

These failure data have been corroborated with others deemed appl »>le and have been jud;
representative for this analysis.

Following accepted practice in failure probability analysis, those failure rates not already
defined as lognormally distributed have been assumed to be lognormally distributed, with median
values given either by the provided point estimate (e.g., 1.48E—06/hr for a connector) or calculated
as the geometric mean (square root of the product) of the given lower and upper range values (e.g.,
{[4.0E—06/hr][4.0E—-05/hr]}* = 1.26E—05/hr for a hose). This yields the following median failure
rates:

Connector = 1.48E-—06/hr
Hose = 1.26E—05/hr
Pump = 1.00E—07/hr
Pipe = 2.00E—07/hr
Valve = 1.00E—08/hr.

Since both the double flex hose and hose in pipe require leaks of two components to lose integrity,
the median failure rate will lie somewhere between that for a single failure and that for two
independent failures. An engineering rule-of-thumb applicable to this situation involves
approximating the -obability of a common-cause failure of "n" identical components as the individual
failure probability raised to the square root of "n". Thus, for the double flex hose . d hose in pipe,
the following median failure rates result:

Double flex hose = (1.26E-05hr)Y? = 1.18E-07/r
Double pipe = (2.00E-07hr)v? = 3.36E -10/r

Assuming an error factor of 10 (90%, two-sided confidence level) for all but the supervisor
verification error (which has an error factor of 3 [90%, two-sided confidence level]), the following
lognormal parameters have been estimated for the failures:
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sludge released in the accident. This is converted to the equivalent volume of sludge using the range
of sludge density values (1.5 to 2.3 g/cm’) given in Table 7.11.

The release varies as a function of time. For the first hour after the spray leak occurs,
volumetric expansion and liquid displacement occur. For the remainder of the release duration, only
the liquid displacement mechanism is in effect as the temperature and humidity are as. « to
stabilize in the first hour.

Actual pumping times for typical tank farm waste transfers may be several hours, far longer
than the 30 minute f  ing time estimated for K Basin sludge transfers. Allowing for volumetric
expansion of up to 1 hr  ° pumping time of 0.5 hr, the equivalent volume of sludge released in the
mitigated accident scenario is:

Q [7.9 m® + (0.76 m*/hr)(0.5 hr)}(100 mg/m*)(1 L/1.5E+06 mg)
=  5._04L

If the high density value (2.3 g/cm®) was substituted into the formula, a total release of 3.6E-04 L
was calculated. Thus, the lower density value is the more conservative case.

7.2.1.3 Consequence Analysis

The consequences of the spray release were calculated as the product of the source term and
the unit dose values presented in Table 7.9. The unit doses for short-duration releas: (i.e., with
plume meander) were used in the calculations. The mitigated and unmitigated ¢ quences of the
radioactive material release are presented in Table 7.13 and for hazardous chemicals released are
presented in Table 7.14. Note that the consequences over the first hour were calculated using the unit
dose for short-duration exposures (atmospheric dispersion coefficient without plume meander) ar for.
the rest of the release were calculated 'ng the longer-duration unit doses. These results do not
include direct radiation exposures to a pool of liquid that could fi  as a result of the spray release.
This is because the direct exposures to the pool are negligible in comparison ) the inhalation and
resuspension consequences of the spray release. Direct exposures to pools are included in the ext
section *  addresses the consequences of pipe breaks that rapidly depressurize the transfer system
and result in pool formation but not a significant spray release. Comparison to the risk evaluation
guidelines are also presented in Tables 7.13 and 7.14.

Key Parameters and Assumptions—Unmitigated Accident Analysis
The key variables in the unmitigated accident analysis are described below:

o The frequency of transfer system spray releases was developed without taking credit for leak
detection and suppression capabilities. Failures of containment boundaries, most likely to
occur at seals or flanges, were the components modeled in the unmitigated accident frequency

analysis.

. Component failure rates for equipment under similar operating conn i were used where
available. Generic component failure rates from the literature were used elsewhere.
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° Failure rates for the containment boundary components (pipes, pumps. and valves) that lead to
spray releases were assumed to be representative of the failure rates « seals, flanges, and
connectors between transfer system components. ’

. Component failure rates were assumed to be lognormally distributed.

° It was assumed that the spray leak consequences would be dominated by the aerosol release;
external doses from potential pool formation were assumed to be negligible relative to the
inhalation doses from the aerosol release.

Key Parameters and Assumptions—-Mitigated Accident Analysis
The key variables in the mitigated accident analysis are ~ :ribed below:

. Credit was not taken for the leak detection syst  in developing the frequer  or
consequences of the mitigated accident scenario.

. Written operating procedures with verification were assumed to be in place.

. Mitigation of the spray leak was assumed to be provided by the pump pit cover blocks,
concrete shielding over the fixed pipeline portion of the tank farm offloading system, portable
shielding over the flexible hose that connects the Sludge Transportation System to the Sludge
Receiving Station, and plastic bags over the flexible hose connectors.

7.2.1.4 Comparison with Guidelines

The comparisons to the risk evaluation guidelines were presented in Tables 7.13 (radiological)
and 7.14 (hazardous chemical). The onsite and offsite radiological exposures calculated for the
unmitigated spray leak scenario were found to be above the risk guidelines. The radiological
exposures are below guidelines in the mitigated scenario. The onsite MEI chemical consequences
were shown to be above the risk evaluation guidelines for releases of toxic and corrosives/irritant
chemicals for the unmitigated accident scenario but were below guidelines for the mitigated accident.
The unmitigated consequences to the offsite MEI were found to be above guidelines for toxic
chemical releases but below guidelines for corrosives/irritants. The mitigated toxic and corrosive
consequences were below guidelines for both onsite and offsite MEIs.

7.2.1.5 Summary of Safety-Class SSCs and TSR Controls
Safety SSCs
| Safety classification of Systems, Structures, and Components are addressed in Chapter 8.
TSR Controls
Credit was taken in the mitigated accident analysis for operators following appropriate written
procedures with verification and for the mitigation of consequences by ensuring placement of pump

pit cover blocks, concrete shielding over the fixed transfer lines, and plastic bags « covers over the
flexible hose connectors. Controls requiring appropriate written operating procedures and trained
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Unmitigated Accident Frequency

The frequency of the unmitigated pool release scenario was judged to be within the
uncertainty of the spray release scenario frequency. Therefore, the unmitigated frequency of the pool
release scenario was estimated to be Anticipated. This included consideration of both seismic-induced
ruptures of the transfer system and ruptures caused by random hardware failures and human errors, as
discussed in Section 7.2.1.1. This is consistent with the frequency assigned in LMHC (1997).

Mitigated Accident Scenario

Mitigation measures that could be applied to this accident scenario include the leak detection
and suppression capabilities ' "It *~ 1 on the Sludge Transportation System and the Sludge Receiving -
Station, the spill retention basin, and the placem ~ of | 1p pit cover blocks to retain aerosols
formed in the pump pit. Leak detection may occur as a result of operator «° ‘ “* : failure
or pool, actuation of leak detection instrun uati | sen ! inner and ¢
boundaries, or actuation of area radiation alarms. Leak suppression consists of automatic or manual
shutdown of the transfer pump. Due to uncertainties in the effectiveness of the leak detection system
to rapidly detect and isolate leakage, no credit was taken for this system. A spill retention basin,
located beneath the trailer, would collect spills in this area, preventing the released material from
forming a pool on the ground. The spill retention basis is sized to accommodate the entire contents
of the Sludge Transportation System. Nominally, the volume of the basin is 28 m* (7500 gal.).
However, this system was not credited in the unmitigated accident analysis. The pipe rupture may
also occur in or drain into the AW-105 pump pit, in which case the leaked material would accumulate
in the pump pit. The volume of this pit, about 23 m* or 800 ft*, is substan lly larger than the 6 m*
capacity of the Sludge Transportation System and thus would not overflow even if the entire contents
of the Sludge Transportation System were to empty into the pit. Placement of the pump pit cover
blocks would ensure the release quantities would be minimal. Therefore, for the mitigated accident
analysis, it was assumed that the leakage would be collected in the spill retention basin for the
purpose of estimating consequences.

Mitigated Accident Frequency

The frequency of the mitigated pipe rupture accident scenario is the same as the unmitigated
scenario as no credit is being taken for systems or controls that would reduce the likelihood of a pipe
rupture. Credit is being taken for mitigation of consequences by the spill retention basin but this does
not affect the frequency analysis. Therefore, the frequency of the mitigated accident scenario is
Anticipated.

7.2.2.2 Source Term Analysis

A severe break or rupture in the transfer system was postulated to result in formation of a
pool of liquid on ~ ground surface. This section estimates the spill quantities, liquid pool size, and
exposures resulting from the transfer system rupture.

Unmitigated Accident Source Term

The sourc term for the transfer system rupture event consists of two main elements: 1)
aerosols formed t, splattering of sludge on the ground and resuspension of radioactive and hazardous
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The total resuspension release is the product of the resuspension rate and the length of time the liquid
surface pool exists. It was assumed that the pool area would grow the entire time that liquid
continues to spill from the broken transfer system. For conservatism, this was doubled so the total.
time available for this release mechanism is twice the nominal pumping time or approximately 60
minutes ([1585 gal + 50 gpm] * 2 = 60 minutes). Therefore, the total respirable release quantity is:

(1.1E-08 L/sec)(60 min)(60 sec/min)
4E-05 L

Q (resuspension from pool)

-Resuspension from Contaminated Soil: After the shipping container is empty and the ow of sludge
stopped, the waste will soak into the ground. As the soil dries out, the cont ination on the surface
is subject to resuspension by wind blowing across the soil. The respirable r ase fraction for
resuspension from contaminated soil surfaces was assumed to be 8.4E-05 over a 24 hr time period
(DOE 1994 and Hall 1996b). Applying this . ease fraction to the 6 m* rel  :d from the spill, the
resuspension release from the soil surface is:

Q (resuspension from soil) = (6 m* )(1000 L/m*)(8.4E-05) = 0.50L

Total Unmitigated Release: The total unmitigated release quantity is the sum of the release quantities
‘from splash/splatter effect, resuspension from the liquid pool, and resuspension from the soil surface.
Therefore, the total respirable release quantity is:

Q (total) Q (splatter) + Q (resuspension from pool) + Q (resuspension from soil)
0.24L + 4E-05L + 0.50L
0.74 L

Mitigated Accident Source Term

The mitigated source term was calculated assuming the aerosols generated by the leaking
sludge is suppressed by the shielding and earth cover over the fixed transfer line, plastic bags or
covers over the flexible line and connections, and then drains into and is contained within the AW-
105 pump pit or the spill retention basin of the Sludge Receiving Station. These components
effectively prevent splattering and splash effects as well as formation of a pool on the ground surface
(the pump pit and spill retention basin are larger than the volume of sludge 1 the shipping container).
Therefore, the only mechanism for gener:**~ 7 aerosols that become released to the atmosphere is
resuspension from a liquid pool inside either the pump pit or spill retention basin. The release from
this mechanism was calculated using the resuspension flux from a liquid pool calculated previously
(i.e., 1.3E-10 L/m*-sec) and the surface area of the spill retention basis, which is larger than the pool
that would form in the pump pit and maximizes the release quantity. The surface area of the spill
retention basin is about 54 m? based on dimensions of 11 ft 9 in x 49 ft 3 in (see Chapter 3).
Therefore, the release quantity over a 24 hr period was calculated as follows:

(1.3E-10 L/m?-sec)(54 m?)
7.0E-09 L/sec (24 hr)(60 min/hr)(60 sec/min)
6E-04 L

Q (resuspension from basin)

i
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7.2.2.4 Comparison with Guidelines

The comparisons of the unmitigated and mitigated consequences to the risk evaluation
guidelines were presented in Tables 7.16 (radiological) and 7.17 (chemical). As shov the
radiological consequences calculated for the onsite and offsite MEIs were above the guidelines for the
unmitigated accident scenario and below guidelines for mitigated accidents. The mitigation measures
applied to reduce the consequences of the mitigated accident scenario effectively reduced the
consequences to below the guidelines for an Anticipated accident. Um " jated chemical
consequences to the onsite receptor were above both the toxic and corrosive/irritant release guidelines
and were below guidelines for the mitigated scenario. The unmitigated offsite exposures to
corrosives/irritants and toxic chemicals were below guidelines. Mitigated exposures to offsite
receptors were below guidelines for both toxics  d corrosives/irritants.

7.2.2.5 Summary of Safety-Class SSCs and TSR Controls
Safety SSCs

Safety SSCs are addressed in Chapter 8.
TSR Controls

Credit was taken in the mitigated accident analysis for operators following appropriate written
procedures with verification, the reliability of the transfer system piping, and the capabilities of the
spill retention basin, AW-105 pump pit (including cover block), and covers/portable shielding placed
over the flexible hose and connectors of the Sludge Receiving Station to mitigate consequences.
Therefore, controls requiring appropriate written operating procedures and trained operators are
required elements of this transfer. Procedures and training requirements are irt of the TWRS safety
programs described in Chapter 9. The procedures should include a pre-transfer visual inspection of
the transfer system (pipes, pumps, valves, flanges, seals) where possible to detect any significant
signs of degradation. Appropriate verification that this inspection was performed should also be
included in the procedi :. The operators should also be provided with emergency spill stabilization
equipment and procedures to respond to an offload system rupture should one occur.

A control also should be established to ensure adequate performance of the spill retention
basin, AW-105 pump pit (pit covers), and portable shielding or covers over the flexible line and it’s
connectors to contain sludge releases. Periodic testing and maintenance programs, as described in
Chapter 9, would be required to ensure these systems are functioning properly. Installation of the
shielding and covers with independent verification should also be included in written procedures.

Defense in Depth
Defense in depth items are addressed in Chapter 8.
7.2.3 Shipping Container Failure Without Fire
The Sludge Transportation Sy ©  includes an accident-resistant shi ng container to contain

the sludge materials during transport and sludge offloading activities. The shipping container, which
has not yet been designed, is expected to be a cylindrical metal pressure vessel built ) withstand
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effects on the containment capabilities of the shipping container or their frequencies are
beyond extremely unlikely.

° A severe seismic event would accelerate the ground under the Sludge Transportation System
but would not directly apply a sufficient force to the shipping container to breach
containment. The seismic event may cause a vehicle to collide with the Sludge Transportation
System or structural debris to fall onto the shipping container; however, the seismic  2nt
frequency combined with the conditional probabilities that it produces conditions severe
enough to fail the shipping container would be less than extremely unlikely. The ground
acceleration could, however, cause failure of the connections between the transportation
system and the transfer station; the consequences of such failures are addressed in Sections

7.2.1 and 7.2.2.
( accidents initiated by natural ~  mena or extrinsict  rds are not addressed in 1"’
section.
7.2.3.1 Scenario Development

As discussed above, damage to the shipping container is postulated to result from vehicular
collisions and fires involving the container. The modeling approach used here to calculate the
frequencies of transportation-related accidents is similar to the approach used by Fischer et al. (1987)
to calculate the frequencies of spent nuclear fuel transportation accidents. Fischer et al. (1987) used
an event tree approach to establish and quantify the frequencies of a wide range of vehicular
accidents. The event tree displays an initiating event (i.e., the occurrence of a traffic accident)
followed by a series of accident conditions (e.g., collision and non-collision accidents, fire occurs or
no fire). The initiating event frequency is represented by the traffic accident rate (accidents per unit
distance traveled), which encompasses all accidents ranging fr. __ minor to severe. The subsequent
accident conditions were displayed as branches on an event tree. Each branch has an associated
conditional probability of occurrence. ...e transportation accident scenarios are represented by each
unique pathway through the event tree. The accident scenario frequencies are the products of the
initiating event frequency (accident rate) and the relevant branch conditional probabilities.

As discussed above, the Sludge Transportation System is '~z " ‘e to collision and fire
accidents. Therefore, the accident frequencies and the levels of d___ge to the shipping container are
functions of the collision velocity, collision target hardness, collision orientation, fire temperature,
and fire duration. The frequencies and levels of damage are also a function of the type of accident
(e.g., collision with a fixed object, collision with another vehicle, non-collision accidents such as
overturns). Fischer et al. (1987) developed a modified event tree that ad( :sses each of these
parameters. This event tree addresses traffic accidents occurring on public highways. This means
that it includes branches that are not applicable to the tank farm. Therefore, it was modified to more
accurately reflect tank farm conditions. The following branches of the Fischer et al. event tree were
removed or combined with other branches:

. Collisions with bridge railings, bridge abutments, concrete columns, overpasses, and barriers
were removed. There are no bridges or overpasses in the tank farm.

. Collisions with other vehicles incl * 1 trains, automobiles, motorcycles, buses, ar “soft”
targets (e.g., cones, pedestrians, animals) were combined into a single branch for this
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container, which will be a pressure vessel certified to American Society of Mechanical Engineers
(ASME) Boiler and Pressure Vessel Code standards, is a passive barrier. Credit may be taken for
passive barriers in the unmitigated accident analysis. No credit was taken for driver training and
operating procedures which tend to reduce the accident rate for Hanford truck shipments relative to
general commerce truck shipments. In addition, no credit was taken for Hanford-specific traffic and
road conditions, such as significantly lower travel speeds in the tank farm re ive to highway traffic,
absence of “hard” objects (rock outcroppings, concrete ditch banks) and other barriers, and lower
traffic volumes. As a result, the branch or conditional probabilities shown in the Figure are values
taken directly from Fischer et al. (1987), which are representative of highway traffic accidents
involving tractor-trailer rigs in general commerce.

Unmitigated Accident requency

Event trees may be quantified to estimate the frequencies of the varic
quantification process involves summing the sequence frequenc each ou
section addresses only mechanical failures of the shipping container, only the sequences assigned to
outcome bin referred to as “Mechanical” on Figure 7.3 are addressed in this section. Outcomes
involving both iechanical and thermal events are addressed in Section 7.2.4. The sequence
frequencies are obtained by multiplying together the initiating event frequency and branch conditional
probabilities. Care was taken in developing the event tree to ensure that the branch probabilities are
mutually exclusive or are independent of all other branches of the tree.

The following example was prepared to illustrate the event tree quantification process ir a
single accident scenario. The scenario selected is N1 (see Figure 7.3, Sheet 1 of 2). Following the
path through the event tree for this sequence, one can see it is a combination of the following
“events”; Vehicle Accident Occurs AND the accident is a Non-collision accident, i 'olves only a
fire (Fire Only; i.e., no mechanical failures), the fire/thermal environment is less than that which
would cause the shipping container to fail (<Failure). As shown on the figure, this sequence would
not result in a release from the shipping container. The values for these parameters are given below.
The bases for all of the values shown on the figure are discussed later.

Vehicle Accident Occurs: 4.0E-06 accidents/km

° -Accident is non-collision: 0.2588 (25.88% of all accidents do not involve collisions with
other vehicles or with fixed objects).

. Non-collision accidents that are fire only: 0.0375 (3.75% of all non-collision accidents
involve only fire and do not involve impact or collision events)

. Fire environment is less than failure threshold of shipping container ( < Failure): 0.8551

The frequency of this sequence is the product of these four values, as shown below:

Fy (4.0E-06/km) (0.2588) (0.0375) (0.8551)

3.3E-08/km

non

The frequencies of each scenario depicted in Figure 7.3 were calculated using the approach
outlined above. The accident frequency and conditional or branch probabilities were taken directly
from several sources of traffic accident data or were derived from these and other sources. The
values used in the event tree quantification process and their bases are presented in Table 7.18. Note
that some of the values in the table are assumed values.
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Figure 7.3. Event Tree - Unmitigated Sludge Transportation System Accidents (Sheet 2 of 2)

Each accident sequence was assigned to one of four outcome bins (no release, mechanical
release, etc.). This was done because the consequences of the accidents are dependent on the
mechanical and thermal conditions encountered in the accident. Releases from accidents involving
fires are likely to be higher than non-fire (i.e., mechanical only) accidents as an additional energetic
driving force for a release is applied to the K Basin sludge and sludge shipping container in accidents
involving fires.

The accident scenario addressed in this section focuses on  chani ° releases only.
Accidents that involve mechanical impact and fire or fire-only are addressed in Section 7.2.4. This

K Basin Sludge S~fety Assessment 7.49 May 30, 1997






























Rev. B

Q (mitigated) = (6 m*)(1000 L/m*)(8.4E-05/24 hr)(2 hr)
= 0.04 L
7.2.33 Consequence Analysis

The consequences of the unmitigated radiological release would be the same as the
consequences of a rupture of the transfer line, given that the entire shipping container contents was
assumed to be released, form a liquid pool, and then soak into the soil. The consequences from the
liquid pool release, which included both inhalation doses and doses from direct exposure to the pool,
were shown previously in Table 7.16.

The consequences of the mitigated release were calculated by combining the direct radiation
exposures and inhalation doses from the aerosol release. The direct radiation doses calculated in
¢ 7.2 " for the pool scenario were calculated to be 0.03 rem onsite and negligible offsite. The
i n dose calculated below is added to this result:

Inhalation dose (onsite) (0.04 L)(2000 rem/L) 80 rem

Inhalation dose (offsite) ©0.04 )1.6rem/l.) = 0.06 rem

The results are presented in Table 7.21. Table 7.21 also presents the radiological risk e uation
guidelines and a comparison of the calculated doses to the guidelines. ‘

The consequences of a release of hazardous chemical materials is expressed in terms of the
total release quantity and release rate of sludge resulting from the transportation accident release. For
conservatism, the release quantities and release rates of hazardous chemicals from this transportation
accident were assumed to be the same as the unmitigated release source terms from the liquid pool
release. This neglects the effects of emergency response actions on the hazardous chemical releases.
The results are presented in Table 7.22. In addition, Table 7.22 presents a comparison to the risk
evaluation guidelines. , ‘

Key Parameters and Assumptions—Unmitigated Accident Analysis

° It was assumed that the Sludge Transportation System would be designed and certified to pass
the Type B packaging test requirements specified in 10 CFR 71 (free drop, puncture, thermal,
and immersion tests).

° The mechanical failure threshold for the sludge shipping container was assumed to be
represent¢ by an impact at a 30 mph closing velocity of any impact orientation. The 30 mph
value was chosen because it represents the approximate impact velocity attained during the 9
m free drop test required for package certification. This value is conservative because it
neglects the effects of the impact orientation and assumes that the target absorbs essentially no
energy.

. The unmitigated accident rate was assumed to be the same as the highway accident rate for
general commerce heavy truck shipments. No credit was taken for job-specific pro  ures
and training provided to Hanford truck drivers nor their familiarity with the road and traffic
conditions in the tank farm.
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7.2.4.2 Source Term Analysis

This section develops estimates of the radiological and chemical source terms released from.
the shipping container during and after exposure to a long-duration fire.

Unmitigated Acdtient Source Term

The release quantity from this accident was calculated as the product of the source inventory
of material in the Sludge Transportation System and a release fraction. The release fraction is a
function of the me<” ical and thermal environment applied to the shipping container and the physical
properties of the contained materials. The release from the accident scenarios involving fires would
be larger than f n a purely mechanical accident because the heat from the fire would increase
volatilization of the radioactive and chemical species in the shipping 1tainer and would also increase
* eva ’ "~ " m a spilled pool of liquid.

The release from this accident scenario was assumed to occur in two stages; 1) release from
venting of a pressurized liquid, and 2) release from a burning pool of liquid. First, the therm
environment is postulated to raise the pressure inside the shipping container to its pressure relief
setting or to its failure pressure. When the pressure is relieved through actuation of the pressure
relief device or failure of the shipping container, material will be expelled through the opening and
into the environment. It was assumed that venting or failure would occur at high pressure (greater
than 0.35 Mpag or 50 psig) and the sludge has a density greater than 1.2 g/ 2, such characteristic of
a concentrated heavy metal solution. The bounding release fraction under these circumstances was
taken to be 1E-03 (DOE 1994). The respirable fraction of the airborne material was assumed to be
0.4 (DOE 1994). '

Should the vel ‘ular accident result in containment failure, it was postulated that the material
that was not vented at high pressure would spill onto the ground and become availal : for release.
This pool of spilled material would be subjected to the heat from the fire. Therefore, the second part
of the release models the material made airborne via evaporation from a spilled pool of juid. For
conservatism, it was assumed that the material would be spilled on a porous surface that enhances
evaporation. It was also assumed that the gasoline or fuel for the fire mixes with the spilled sludge,
further enhancing the release. The bounding release fraction given by DOE (1994, p. 349) for this
type of event was assumed to be 5E-03. The fraction of the airborme material that is in the form of
respirable particles was given in DOE (1994, p. 349) to be 0.4.

The total release quantity from this accident scenario is the product of the source quantity
(6,000 L), release fraction, and respirable fraction from both release mechanisms (venting and pool
burning). The total release of respirable material is:

Release Quantity = Source quantity * Release fraction * Respirable fraction
= 6,000 L * [(1E-03 * 0.4) + (SE-03 * 0.4)]
= 144L
Mitigated Accident Source Term

The release from this scenario was assumed not to be time-dependent. Therefore, the time to
recover from this accident scenario, including time to extinguish the fire and stabilize the release, is
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provide a filtered pathway for air to exit each tank should tank pressure(s) exceed atmospheric
pressure.

Primary >mponents of each air inlet station include an air flow controller, pre-filter, } PA
filter, and 12 in. isolation butterfly valve. A vacuum breaker is connected in parallel with the flow
controller to limit tank negative pressure in the event that the flow control capability is lost. The air
flow controller and vacuum breaker devices are automatic, passively-operated devices.

An alternate tank air inlet line, containing an orifice plate and isolatii  valve is connected in
parallel with each air inlet station for use during air inlet station maintenance or in the event that the
normal air path through the air inlet station becomes obstructed.

The two primary tank ventilation exhaust subsystems are identified as K1-1 and K1-2. The
p . se of the K1-1 K1-2 Systems is to provide a 0.25 in. to 4.0 in. on all six tanks
at total flow __e ot 1,000 cfm. Additional inf 1ation ¢ be found in |
the ventilation exhaust subsystems are designed with redundancy, one system could be unavailabie aue
to maintenance or filter replacement.

Figure 7.7 shows the top logic of the ventilation system fault tree model. The completed fault
tree model can be found in Appendix E. Failure of the ventilation system to maintain the tank
pressure is modeled as an AND gate, named "VEN," with inputs from 1) monitor/contr systems
failure and 2) ventilation system failure. Failure of the monitor/control systems (modeled as an OR
gate, named “VEN7") may result from equipment failure, alarm systems failure, loss of ower,
and/or an operator failing to respond. Ventilation system failure is modeled as an OR gate, named
"VEN1," with inputs from air inlet system failure and exhauster system failure. Failure of the air
inlet system (modeled as an OR gate, named “VEN11") may result from filter failure/plugged, valve
failure/plugged, vacuum breaker failure, air flow controller failure, and/or human errors. Failure of
the exhauster system is modeled as an OR gate, named "VEN12," with 2 ii 1ts (moisture separator
path failure and exhauster path failure).

The HVAC fault tree and system quantification were modeled and performed using the
IRRAS 5.50 computer code. Appendix E provides the basic event failure rates, probab ties, and the
basis/rationale behind these values. Based on these values the ventilation system unavailability was
estimated to be 9.28E-02/Demand. Table 7.28 shows the minimal cut sets of the ventilation system
fault tree. Based on the results, failure to recover power is concluded to be the most important
contributor to system failure. Isolation butterfly valve inadvertent closure and HEPA filters 205A and
205B failure are also identified as important contributors.

Table 7.29 shows all top event probabilities that were displayed in the mitigated event tree
model and their associated rationales. Table 7.30 provides the accident consequences and
probabilities for the mitigated accident scenario. These probabilities were iwultiplied by the initiating
event frequencies as discussed in the unmitigated accident scenario to estimate the mitigated accident
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Using this heat of reaction, the temperature increase from the neutralization reaction can be calculated
as follows: :

(Heat of reaction) / (Volume)(Waste density)(Heat capacity)‘
1.226E+09 J / (8.123 m*)(1000 kg/m?)(4200 J/kg-K)
35.95 K (or °C) = 96.7°F

Temperature increase

To check for boiling conditions, the final waste temperature was calculated assuming the initial
solution temperature was 54.44°C (Powers, Marusich, and Braun 1996). Adding the above
temperature increase to the initial temperature results in a final solution temperature of 90.38°C.
This is below the boiling point of the neutralized solution, estin "~ d to be about 115°C.

The source term from this accident was calculated using the following formula:

Source = Quantity Ava ble * Aerosol Release *  Condensation
Term T Fraction Fraction

or
ST = Q * ARF *CF

Derivation of the parameter values used in this assessment are described in the following subsections.
Quantity Available for Release

A total of 8,123 L of waste are available for release. Of this, 6000 L are K Basin sludge
material and 2123 L are DST waste, assumed to consist of 1/3 DST solids and ~ '3 DST liquids.

Aerosol Release Fraction

The AREF for this scenario was taken to be 3E-05, based on recommendations given in DOE-
HDBK-3010-94 (DOE 1994). This value is representative of releases from heated solutions in
flowing air without noticeable bubbles breaking on the surface of the solution. This is representative
of the actual solution conditions in the tank created by the neutralization reaction as it was shown
previously that boiling would not occur. The respirable fraction of the aerosols generated was
conservatively assumed to be 1.0.

Condensation Fraction

A fraction of the material in the released aerosol will condense on cool surfaces inside the
tank and the HVAC system. The method employed by Powers, Marusich, and Braun (1996) to
estimate the fraction of aerosol that condenses within the tank was also used here with appropriate
adjustments. For example, the above reference calculated condensation fraction for a DCRT and this
assessment will estimate the condensation fraction for a DST.

The condensation fraction was taken to be the ratio of the amount of energy that can be
transferred through the DST walls to the energy generated from the neutralization reaction. This ratio
was calculated using the general heat transfer equation shown below:
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= hAAT
where: Q = heat transfer rate
= heat transfer coefficient for steam mixed with air
A = heat transfer area
AT = temperature difference across tank walls

To calculate the heat transfer rate across the tank walls, the value of the heat transfer coefficie h,
was taken to be 200 BTU/hr-ft>-°F (Powers, Marusich, and Braun 1996) and the temperature
difference across the tank walls was taken to be the temperature difference before and after the
reaction (i.e., the outer t~—'- wall temperature was assumed to be the same as the initial solution
temperature of 54.44°C and the inner tank v ™ tempera’ : was assumed to be at the final solution
temperature). Therefore, AT is 35.94°C (96.7°F).

The heat transfer area used in the heat transfer uation was  cul a
inner tank wall area above the liquid surface in the tank is available for heat trafwsivi. 150 wouwin
include about the upper 1/3 of the tank wall. Heat transfer into the waste and through the tank dome
is neglected. Therefore, the heat transfer area, A, is about 2.83E+03 fi?> (x * 75 ft diameter * 12 ft
high). Substituting these values into the heat transfer equation yields the he transfer rate across the
tank walls: ’

(200 BTU/hr-ft*-°F) (2.83E+03 ft%) (96.7°F)
(5.473 E+07 BTU/hr) (1055 J/BTU) (1 hr/3600 sec)
1.604E+07 J/sec

Q va

The denominator in the condensation fraction relationship is the heat generation rate from the
neutralization reaction. This parameter was calculated by dividing the neut :ion reaction energy
calculated previously by the duration of the reaction. The duration may be ich as 30 minutes to
reflect the pumping time it takes to transfer all 6 m® of sludge from the shipping container. Using
this reaction duration would resuit in 100% of the aerosols being condensed inside the t k. It was
found that as long as the reaction duration is more than about 1.5 minutes, all of the aerosols would
condense on the relatively cool tank wall surfaces. Therefore, a condensation fraction of 0.99 (i.e.,
99% of the aerosols condense inside the tank and 1% are released) is believed to be conservative.

Results of Unmitigated Source Term Analysis

The source term (ST) is the product of the quantity of material available for release (Q), the
aerosol release fraction (ARF), and the condensatijon fraction (CF). In this scenario, there are DST
waste and sludge components to the source term. The two source term co! )onsnts were calculated
as follows:

Quuige * ARF, 40 * CF e

STSﬂge =
= 6000 L * 3E-05 * (1 - 0.99)
= 1.8E-03 L

STDST = QDST * ARFDST * CFDST

2123 L * 3E-05 * (1 - 0.99)
6.4E-04 L

K Basin Sludge Safety Assessment 7.85 May 30, 1997



Rev. B

Therefore, the total unmitigated soure term for this accident scenario consists of 1.8E-03 L of sludge
and 6.4E-04 L of DST waste.

Mitigated Source Term

Only a single mitigation measure was credited in the mitigated accident analysis; i.e., a
control to verify that the appropriate chemical adjustments (pH control) are made to the sludge before
it is transferred into the tank. T! has the effect of reducing the accident frequency by one
frequency category but was assumed to have no effect on the consequences. Therefore, the mitigated
source term was assumed to be the same as the unmitigated source term.

7.2.5.3 Consequence Analysis

The unmitigated and mitigated consequences of this accident scenario are described in the
following subsections.

Unmitigated Consequences

The consequences of this accident scenario are the sum of the consequences of the releases of
K Basin sludge and DST wastes. The consequences of the sludge release are the products of the
unmitigated source term and unit doses from sludge releases to offsite and onsite MEIs. The unit
doses from long-duration releases were used. These calculations are shown below:

Onsite MEI:  C,4 STgu,. * Onsite Unit Doseg,,
1.8E-03 L * 670 Rem/L
1.21 Rem

Offsite MEL:  Cg ST * Offsite Unit Doseg,g
1.8E-03 L * 1.2 Rem/L

2.2E-03 Rem

The unmitigated consequences of the DST waste release was estimated by first calculating a
composite unit liter dose (ULD) for DST v  “es consisting of 1/3 ™13T solids 1 2/3 DST liquids.
The ULDs for DST liquids and solids were taken from Cowley (1996) and were 6.1E+05 Rem/L
amd 5.3E+07 Rem/L, respectivi '. The composite ULD is as follows:

ULD composiee 1/3 (ULDpgr paiias) + 2/3 (ULDpsr picqis)
1.81E+07 Rem/L

The DST waste release consequences were calculated using the TWRS BIO methodology, as
follows:

Dose = ST * ULD * Breathing Rate * X/Q

The source term and ULD were calculated above. The breathing rates were assumed to be 3.3E-04
m’/sec for the onsite receptor and 2.7E-04 m*/sec for the offsite receptor (Van Keuren 1996). The
X/Q values (atmospheric dispersion parameters) were taken from Van Keuren (1996) and amount to
0.0341 sec/m? for the onsite receptor location and 2.83E-05 sec/m* at the offsite receptor location.
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Offsite Dose (2.76 L) (1.63E+05 Rem/L) (2.7E-04 m’/sec) (2.8E-05 sec/m’)

3.4E-03 Rem

Pump Ejection

(7.74 L) (1.63E+05 Rem/L) (3.3E-04 m*/sec) (0.034 sec/m?)
14.2 Rem

Onsite Dose

Offsite Dose (7.74 L) (1.63E+05 Rem/L) (2.7E-04 m*/sec) (2.8E-05 sec/m*)

9.5E-03 Rem

The pump ejection mechanism results in higher consequences so it will be used for the rest of this
analysis. In addition, the consequences of release of ven """ n system material is negligible

1 to the pump ejection mechanism. Therefore, the total unmitigated radiological
consequences are 14.2 Rem to the onsite 1..__ and 0.0095 R to t| offsite MEI. Th
mitigated consequences. These mitigated scenario consequences exceed onsite guidelines for all three
frequency categories so as long as the mitigated scenario is judged to be credible, and it is in the
TWRS BIO, this event will exceed onsite risk guidelines. The offsite consequences of the mitigated
and unmitigated scenarios are substantially below the risk guidelines.

Hazardous chemical release rates used to compare against the guidelines were estimated by
dividing the release qu ity by the approximate release duration. In the TWRS BIO, the release
duration from flammable gas deflagration was given as 200 sec. Based on this duration, the release -
rate would be 3.87E-02 L/sec (7.74 L + 200 sec). Both the release rate and release quantity exceed
the onsite exposure guidelines for toxics and corrosives/irritants. The release rate and release quantity
are both below the offsite exposure guidelines for toxics and corrosives/irrit s.

7.2.6.7 Summary of Safety-Class SSCs and TSR Controls

The safety-class and safety-significant SSCs and the TSRs selected to reduce the frequency of
a flammable gas burn are described in detail in the TWRS BIO (LMHC 1997) and flammable 1s
JCO (Grigsby and Leach 1996). The safety SSCs and proposed TSRs include the necessary and
prudent controls required for (1) the specific accident analyzed, (2) burns in other enclosures along
waste transfer routes, and (3) other identified hazardous conditions that are represented by the
analyzed accident. The designation of safety SSCs and TSR controls related to flammable gases and
ignition sources are summarized below.

Safety SSCs

To prevent the build-up of flammable gas releases and to minimize the time at risk during a
gas release event, the ventilation system on tanks must be operable and operating. The ventilation
systems on Tank AW-105 are designated as safety class (SC).

The annulus leak detection system is designated as safety class. This will ensure that the
system is available to detect and alarm the presence of waste in the annuli of Tank AW-105.
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Aerosol release fractions for these two components of the release from a fire were taken from
DOE-HDBK-3010-94. For burning sludge, a release fraction of 1E-03 was determined to be
applicable. This value is representative of the airborne release due to oxidation of uranium met in
flowing air at te eratures greater than 900°C. The release fraction used for aqueoue oiloff was
2E-03 and is representative of releases from boiling liquid surfaces. Using these release frac ins, a
total of 0.262 L of sludge would be released from the burning component and .660 L of aerosols
would be release due to boiloff. '

The consequences of this scenario were calculated using the ULDs for K Basin sludge solids
and liquids (not the unit doses given in Table 7.9 as the unit doses are for composite solids and
liquids). Therefore, the method used in the TWRS BIO was used to calculate the cosnequences of a
pyrophoric chemical reaction. The cc :quences of the vent system release were determined in

Section 7 be 1.83E-03 Rem onsite and 1.23E-06 Rem of " * :. The consequences of the
ie of articulates from the fire are:
Comice ST * ULD * BR * X/Q

(0.262 L) (1.65E+08 Rem/L) (3.3E-04 m’/sec) (0.07 | sec/m’)
486 Rem

(0.262 L) (1.65E+08 Rem/L) (2.7E-04 m’/sec) (2.8E-05 sec/m’)
0.327 Rem

Coﬂxie

The consequences of the release due to aqueous boiloff are:

Cosia = (0.660 L) (1.63E+05 Rem/L) (3.3E-04 m*/sec) (0.0341 sec/m?)
= 1.21 Rem
Cotirire (0.660 L) (1.63E+05 Rem/L) (2.7E-04 m*/sec) (2.8E-0S sec/m?)

8.14E-04 Rem
The total consequences are:

For the onsite MEI, the total consequences were estimated to be 487 Rem. For the offsite MEI, the
total dose was estimated to be 0.328 Rem. The doses were dominated by the sludge burning
component of the release.

7.2.7.4 Mitigated Accident Scenario

As discussed in the TWRS BIO, there are no mitigative measures available to mitigate the
consequences of a flammable gas or organic solvent fire. Therefore, the mitigated accident scenario
analysis takes credit for barriers to prevent the occurrence of a U metal fire. The preventive barriers
relied upon in the TWRS BIO are an active ventilation system, ignition source control, and flammable
gas monitoring. These systems are assumed operable and operating during the transfer.
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Limiting the amount of sludge transferred on a per shipment basis to ensure the top of
the mound is n« exposed to the tank headspace. As discussed in the unmitigated analysis, 1.8m*
of K Basin sludge, based on a 46 in supernatant level, will not result in exposing the mound to the.
tank headspace. Predetermining the differences in the AW-105 solids level and superntatant levels, a
limit on the quantity of K Basin sludge to be shipped can be calculated, based on the maximum
potential cone or mound height, plus a safety margin.

This may increase the number of shipments required. As discussed in the mixing analysis,
further evaluation of the K Basin/Tank AW-105 sludge interaction (i.e., mixing and settling) and the
effects of the slurry distributor and particle size on the size or height of the mound and specific to this
analysis the elevation of the sludge and slurry, would help to determine the applicability and
effectiveness of this control.

M ° ‘aining the existing per shipment quantitiesand = °  “n g the trax
reindex the slurry distributor. Although this will not result i 7 B the
potential for line plugging due to solids settling in the transfer line when the stopped, 15
increased.

Adding water to raise the supernate level above the top of the K 1sin sludge “cone”.
The addition of water to the tank, plus a safety margin, could be implemented to raise the supernate
surface above the top of the calculated maximum ¢  or mound (plus a safety margin) of K Basin
solids. This would prevent the top of the cone from being exposed to the relatively dry conditions in
the tank headspace, ensure the entire cone remains submerged in supernate, and preclude ignition of
the U metal in the sludge. This would affect the available storage capacity in the DST farms.

Mitigated Frequency Assessment

Selection of any of the controls identified in the mitigated accident analysis will ensure that
the sludge is not exposed to the Tank AW-105 headspace; therefore, spontaneous ignition of the
sludge would be “incredible”. However, each of the analyzed controls rely on human actions.

The controls evaluated require a human to calculate supernatant levels, monitor and analyze
sludge SpG, quantities shipped, or interrupt a transfer and reindex the slurry distributor. Prior to
shipping the K Basin sludge to Tank AW-105, a waste compatibility analysis is required to determine
the acceptability of the sludge This waste compatibility  alysis typically includes mixing/settling
studies to determine the K Basin sludge interactions with AW-105 supernate and solids. Therefore,
because of the uncertainties associated with the composition of Tank AW-105 sludge (i.e., two
current sample locations and the potential for non-homogenous sludge), the potential for a -
spontaneous ignition of the K Basin sludge is conservatively considered an “unlikely” event.

Positioning or indexing the slurry distributor to an appropriate location to ensure coverage of
the K Basin sludge mound or cone based on the sludge and supernatant levels within tank AW-105
will preclude sludge dryout and the potential ignition of pyrophoric U metal. This would require
operators to verify that the liquid level is sufficient to maintain the mound or cone of K Basin solids
is submerged beneath the liquid surface. The potential for a spontaneous ignition of the K Basin
sludge with this control in place is considered an “incredible” event.
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7.2.8.5 Sampling of Transport Container Contents

It is expected that samples will be taken from each transport container »ad and analyzed for:
(1) the uranium, plutonium, and iron content; (2) the U enrichment in the urani_, and,
-..ese samples can be used to provide verification of compliance to the limits and controls. ver,
spel ic sampling and absorber requirements will developed in the Criricality Feasibility R orzt.

7.2.8.6 Combining K Basin and DST AW-105 Sludge

Uranium in KW Basin sludge is more highly enriched than uranium in KE Basin sludge, and
the fraction of absorbers in KW Basin sludge is lower. For these reasons, KW Basin sludge is
capable of greater neutron multiplication. Sludge in DST AW-10S5 has a lower fissile concentration
and a larger absorber fraction than does either "™ or KW Basin sludge. Wh' these sludges are
combined, the ___rgin of subcriticality is determined primarily by KW ~ isin sludge.

If DST AW-105 sludge and K Basin sludges are mixed, ény localized regions of high fissile
concentration would disperse and the highest fissile concentration would decrease. Mixing the sludges
will not decrease the degree of subcriticality.

7.2.8.7 Criticality Issue Resolution

A Criticality Feasibility Study for K Basin sludge storage is being prepared to identify the
requirements needed to assure criticality safety for various storage alternatives. This study will
identify particle size, neutron absorber, and other requirements in sufficient detail for use in selecting
a preferred alternative. After a preferred treatment and/or storage alternative is identified, a
Criticality Safety Evaluation Report (CSER) will be issued to validate specific control requirements.

7.3  PRELIMINARY HAZARD CATEGORIZATION

An initial hazard categorization was determined for the Sludge Tran ortation System and
Receiving Station using the procedures described in U. S. Department of Energy (DOE) Standard
1027-92, Hazard Categorization and Accident Analysis for Compliance with 'OE Order 5480.23,
Nuclear Safety Analysis Reports (DOE 1992). The hazard categorization was based on the numerical
limits specified in DOE Standard 1027-92. The hazard categorization for the K Basin sludge offload
process was considered in the context of the tank farm hazard categorization because the sludge
material is to be transferred into a DST, located in the Hanford Site tank farms, for which an initial
hazard categorization has already been established (WHC 1995).

DOE Standard 1027-92 requires hazard categories to be established based on a comparison of
the radionuclide inventories in a facility to Threshold Quantities (TQs) liste in Table A.1 of the
Standard for Hazard Category 2 and 3 facilities. The fraction represented by the inventory of each
radionuclide divided by its respective TQ value is calculated for each radionuclide. The sum of the
fractions is calculated by adding together the fractions calculated for each radionuclide; the sum is
then compared to 1.0. If the sum of fractions value calculated using the Category 2 threshold
quantities is greater than 1, the facility isat l¢ ~al" ~rd Category 2. Threshold quantities are not
provided for designating a facility as Hazard Category 1.

K Basin Sludge Safety Assessment 7.127 May 30, 1997






Rev. B

REFERENCES

Agnew, S. F. 1' 5. Hanford Defined Waste: Chemical and Radionuclide Compositions. LA-UR-.
04-2657, Rev. 2. Los Alamos National Laboratory, Los Alamos, New Mexico.

AIHA. 1989. Concepts and Procedures for the Development of Emergency Response Planning
Guidelines (ERPGs). American Industrial Hygiene Association, Akron, Ohio.

Beck, T. R. 1978. “Passivation of New Titanium Surfaces.” Chapter published in the book,
Passivity of Metals, edited by R. P. Frankenthal and J. Kruger. The Electrochemical Society,
Princeton, NJ.

Benhardt, H., et al. 1994. Savannah River Site I” L _rData Base Development for Non-
- * Nuclear Facilities. .....-. ~-TR—93—581, Westinghouse Savannah River =~ ,
River Site, Aiken, South Carolina.

Bergsman, K. H. 1997. Hear Transfer Analysis of Sludge Storage in the K East Basin Weasel Pit.
HNF-SD-SNF-TI-047, Rev. 0. Duke Engineering and Services, Hanford Inc. Richland,
Washington.

Braun, D. J. 1994. High-Level Waste Tank Subcriticality Safety Assessment. WHC-SD-WM-SARR-
003, Rev. 0. Westinghouse Hanford Co., Richland, Washington.

Cowley, W. L. 1996. Development of Radiological Concentrations and Unit Liter Doses for Tank
Waste Remediation System Final Safety Analysis Report Radiological Consequence Calculations.
WHC-SD-WM—SARR—O37, Rev 0. Westinghouse Hanford Co., Richland, Washington.

Cowley, W. L., and A. K. Postma. 1996. Analysis of Consequences of Postulated Solvent Fires in
Hanford Site Waste Tanks. WHC-SD-WM-CN-032, Rev. 0A. Westinghouse Hanford Co., Richland,
Washington.

Craig, D. K. et al. 1993. Toxic Chemical Classification and Risk Acceptance Guidelines for Use in
DOE Facilities. WSRC-MS-92-206, Rev 2. Westinghouse Savannah River ‘0., Aiken, South
Carolina.

Das, B. M. 1983. Advanced Soil Mechanics. Hemis * e Publishing Corporation, New York, New
York.

Dexter, A., and W. Perkins. 1982. Component Failure-Rate Data with Potential Applicability to a
Nuclear Fuel Reprocessing Plant. DP—1633, E.I. du Pont de Nemours & Co., Savannah River
Laboratory, Aiken, South Carolina.

DOE. 1992. Hazard Categorization and Accident Analysis for Compliance with DOE Order
5480.23, Nuclear Safety Analysis Reports. DOE-STD-1027-92. U. S. Department of Energy,
Washington D.C.

K Basin Sludge Safety Assessment 7.129 May 30, 1997






Rev. B

Hanlon, B. M. 1996. Tank Waste Summary Report for Month Ending June 30, 1996. WHC-EP-
0182-89. Westinghouse Hanford Co., Richland, Washington.

Hodgson, K. M., R. P. Anantamula, S. A. Barker, K. D. Fowler, J. D. Hopkins, J. A. Lechelt, D.
A. Reynolds (Westinghouse Hanford Co.), D. C. Hedengren, R. E. Stout, and R. T. Winward
(Meier Associates, Inc.). 1996. Evaluation of Hanford Tanks for Trapped Gas. WHC-SD-WM-ER-
526, Rev. 1. Westinghouse Hanford Co., Richland, Washingotn.

Huang, Y. H. 1983. Stability Analysis of Earth Slopes. Van Nostrand Reinhold Company, New
York, New York.

IEEE. 1984. Guide to the Collection and Presentation of Electrical, Electronic, Sensing Component,
and M "anical Equipment Reliability Data for Nuclear Power Generating Stations. IEEE-STD-500-
. Sp by * “Nuc r Power Engineering Committee of the ™~ Pow.

Johnson, A. B. , R. G. Ballinger, and K. A. Simpson. 1994. “Kinetic and 1ermodynamic Bases to
Resolve Issues Regarding Conditioning of Uranium Metal Fuels” presented . the DOE Spent Nuclear
Fuel, Challenges, and Initiatives Conference, December 13-16, 1994. PNL-SA-24458. Pacific
Northwest Laboratory, Richland, Washington.

Lambe, T. W. And R. V. Whitman. 1969. Soil Mechanics. John Wiley and Sons, New York, New
York.

LMHC. 1997. Tank Waste Remediation System Basis for Interim Operation. HNF-SD-WM-BIO-
001, Revision F. Lockheed- Martin Hanford Company, Richland, Washington.

Lodwick, R. J. Letter to M. S. Madden (PNNL), E. V. Morrey (PNNL), and R. L. Schlosser
(LMHC). “K Basin! dge Inventories to be Used in Sludge Disposal Evaluations - Pr:

Safety Assessment, Criticality Feasibility Report, Process Alternatives.” I SH-9752731. March 27,
1997. Duke Engineering Services-Hanford, Richland, Washington.

Makenas, B. J., T. L. Welsh, R. B. Baker, D. R. Hansen, and G. R. Golcar. 1996. Analvsis of
Sludge from Hanford K East Basin Floor and Weasel Pit. WHC-SP-1182. Westinghouse (anford
Co., Richland, Washington.

Napier, B. A., R. A. Peloquin, D. L. Strenge, and J. V. Ramsdell. 1988. GENII - The Hanford
Environmental Radiation Dosimetry Software System. PNL-6584. Pacific Northwest Laboratory,
Richland, Washington.

NFPA 70, 1993, “National Electric Code, Articles 500 - Hazardous (Classified) Locations and 501 -
Class I Locations.” 1993 Edition, National Fire Protection Association.

NFPA 77, 1993. “Recommended Practice on Static Electricity.” 1993 Edition, National Fire
Protection Association.

NFPA 496, 1993. “Standard for Purged and Pressurized Enclosures for Electrical Equipment.” 1993
Edition, National Fire Protection Association.

K Basin Sludge Safety Assessment 7.131 May 30, 1997






Rev. B

Totemeier, T. C. and S. L. Hayes. 1996. “Analytical and Numerical Models of Uranium Ignition
Assisted By Hydride irmation”™ presented at The 1996 DOE Spent Nuclear Fuel and Fissile Material
Management Conference, June 16-20, 1996. Argonne National Laboratory, Idaho Falls, Idaho.

Tyfield, S. P. 1988. "Corrosion of Reactor Grade Uranium in Aqueous Solutions Relevant to
Storage and Transport.” Nucl. Energy, 27, 91-98.

WHC. 1994. A Model for Predicting Respirable Reelases from Pressurized Leaks. WHC-SD-GN-
SWD-20007, ev 0. Westinghouse Hanford Co., Richland, Washington.

WHC. 1995. Initial Hazard Categorization for the Hanford Site Tank Farms. WHC-SD-WM-HC-
016, REV 0. Westinghouse Hanford Co., Richland, Washington.

WHC. 1996a. Safety Analysis Manual. WE__ CM-4-46, Rev 4. Westin; ouse Hanford Company,
Richland, Washington.

WHC. 1996b. Tank Waste Compositions and Atmospheric Dispersion Coefficients for Use in Safety
Analysis Consequence Assessments. WHC-SD-WM-SARR-016, Rev 2. Westinghouse Hanford
Company, Richland, Washington.

WHC. 1996¢c. Toxic Chemical Considerations for Tank Farm Releases. WHC-SD-WM-SARR-011,
Rev 2. Westinghouse Hanford Company, Richiand, Washington.

WHC. 1996d. 4 Safety Assessment for Salt Well Jet Pumping Operations in Tank 241-A-101:
Hanford Site, Richland, Washington. WHC-SD-WM-SAD-036. Westinghouse Hanfor Company,
Richiand, Washington.

" WHC. 1996e. Probabilistic Seismic Hazard Analysis, DOE Hanford Site, Washington. \../C-SD-
W236A-TI-002, Rev. 1. Prepared by Geomatrix Consultants for Westinghouse Hanford Company,
Richland, Washington. :

WHC. 1996f. Flammable Gas Deflagration Consequence Calculations for the Tank Waste
Remediation System Basis for Interim Operation. WHC-SD-WM-CN-055, ev. 1. Westinghc e
Hanford Company, Richland, Washington.

WSDOH. 1993. “Response Procedures for Radiation Emergencies,” Appendix A of Protective
Action Guides. Washington State Department of Health, Olympia, Washington.

Whyatt, G. A., et al. 1996. The Potential For Criticality in Hanford Tanks Resulting from Retrieval
of Waste. PNNL-11304. Pacific Northwest Natiuonal Laboratory, Richland, Washington.

K Basin Sludge Safety Assessment 7.133 . May 30, 1997





