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1.0 INTRODUCTION

1.1 PURPOSE

This technical basis document was developed to support RPP-13033, Tank Farms Documented
Safery Analysis (DSA), and describes the risk binning process and the technical basis for
assigning risk bins for the aboveground tank failure representative accident and associated
represented hazardous conditions. The purpose of the risk binning process is to determine the
need for safety-significant structures, systems, and components (SSC) and technical safety -
requirement (TSR)-level controls for a given representative accident or represented hazardous
conditions based on an evaluation of the frequency and consequence. Note that the risk binning
process is not applied to facility workers, because all facility worker hazardous conditions are
considered for safety-significant SSCs and/or TSR-level controls (see RPP-14286, Facility
Worker Technical Basis Document). Determination of the need for safety-class SSCs was
performed in accordance with DOE-STD-3009-94, Preparation Guide for U.S. Department of
Energy Nonreactor Nuclear Facility Documented Safety Analyses, as described below.

1.2 BACKGROUND INFORMATION

1.2.1 Representative Accident

Aboveground structures may fail from one of several possible causes (€.g., seismic event, high
winds, structural degradation) and fzll on the equipment contained inside, leading to failure of
that equipment. The 242-T Evaporator was built in the 1950’s and is susceptible to failure and
the waste assumed to remain in the 242-T Evaporator could be released to the environment.
Specifically, in the unlikely event of either a high wind or a seismic event, or the anticipated
continued degradation of the structure, roof panels may fall on the 242-T Evaporator vessel,
which 1s assumed to contain up to 300 gal of waste remaining from its previous function of
reducing waste volume through the evaporation process.

A review of unusual occurrences involving building failures was performed and none were found
to be significant. A review of other tank farm facilities during DSA development did not
identify any other facility that stores waste in an aboveground tank, although there are
aboveground facilities that contain contaminants. The 242-S Evaporator is an abandoned
evaporator. However, it was flushed when it was shutdown so that modifications (which were
not subsequently activated) could be performed. While the 242-A Evaporator is an active
evaporator, it 1s not subject to the Tank Farms DSA. The 204-AR Waste Unloading Facility is
addressed separately. The In-Tank Solidification System 1 and the 241-A-431 ventilation
building both have de-entrainers. The de-entrainers may retain contaminants aboveground, but
do not retam liquid or solid tank waste. '

1-1
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1.2.2 Bounding Offsite Accident

An aboveground tank failure is a moderate energy, atmospheric vapor/gas/acrosol release event
that is bounded by the dome collapse accident, which has been quantitatively analyzed for
comparison to the DOE-STD-3009-94, Appendix A, “Evaluation Guideline,” of 25 rem. The
bounding quantitative analysis for the dome collapse accident is documented in RPP-12395,
Offsite Radiological Consequences of Waste Tank Dome Collapse, and shows that offsite
radiological consequences are less than 1 rem; therefore, no safety-class equipment or TSR-level
controls need to be considered for offsite radiological exposures for any of the moderate energy
atmospheric vapor/gas/aerosol release events. It is important to note that DOE-STD-3009-94
does not provide any other numerical evaluation guidelines (i.e., evaluation guidelines are not
provided for offsite toxicological, onsite radiological and toxicological, or facility worker
exposures). These exposures were evaluated for the aboveground tank failure accident and
associated hazardous conditions in accordance with the risk binning process described in
Section 1.3.

1.2.3 Associated Hazardous Conditions

In addition to the hazardous condition that defines the representative accident, the current hazard
evaluation database lists numerous hazardous conditions that are represented by the aboveground
tank failure accident. Some of these hazardous conditions are similar to the representative
accident, although the initiators and acrosol release paths may be different. They were assigned
to the aboveground tank failure representative accident because these events all involve moderate
energy, atmospheric releases of vapors and aerosols.

1.3  RISK BINNING METHODOLOGY

Direction on risk binning was provided by the U.S. Department of Energy, Office of River
Protection (Klein and Schepens, 2003, “Replacement of Previous Guidance Provided by RL and
ORP”). Risk binning begins with a qualitative evaluation of the frequency and consequences of
the representative accident. Frequency is qualitatively estimated as “anticipated,” “unlikely,”
“extremely unlikely,” or “beyond extremely unlikely.” Consequences are evaluated for the
following receptors and exposures: offsite toxicological, onsite radiological, and onsite
toxicological. These consequences are assigned to one of three levels: high, moderate, or low.
Based on the frequency and consequence, risk bins (ranging from I to IV) are assigned. Tables
1-1 and 1-2 show the criteria for assigning the frequency and consequence levels, and the risk
bins, which are assigned to the various combinations of frequency and consequence. After the
risk binning process 1s completed for the representative accident, the process is then repeated for
the represented hazardous conditions associated with the representative accident.

In accordance with the control selection guidelines in Klein and Schepens (2003), Risk Bin 1
events require safety-significant SSCs or TSRs, and Risk Bin II events must consider safety-
significant SSCs and TSRs. Risk Bin IIT events are generally protected by the safety
management programs (SMP), and Risk Bin IV events do not require additional measures.

1-2
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Table 1-1. Offsite (Toxicological Only) Risk Bins.

Event frequency
-6
Consequence level <1077yr 107 to 10°/yr ) . ) )
(toxicological only®) Beyond Ex tremel;’{ 107 to 107yr >107 to <10 /yr
extremely . Unlikely Anticipated
unlikely
unlikely
>ERPG-2/ TEEL-2
(High) 11 II I I
>ERPG-1 / TEEL-1
<ERPG-2/ TEEL-2 v 11 11 I
{Moderate)
fLEEI;G'l / TEEL-1 v v il i}
Notes:

* Radiological consequences for the offsite receptor are evaluated in accordance with DOE-STD-3009-94, 2002,
Preparation Guide for U.S. Department of Energy Nonreactor Nuclear Facility Documented Safety Analyses,
Change Notice No. 2, Appendix A, U.S. Department of Energy, Washington D.C.

ERPG = emergency response planning guideline, TEEL = Temporary Emergency Exposure Limit.

Table 1-2.. Onsite (100 m) Risk Bins.

Event frequency
Consequence level = " >
(radiological/ Bevondomr | 1T 10 Ty 107 t0 10%yr | >10% to <107 /yr
toxicological) eyonc extremely xtremely Unlikely Anticipated
unlikely unlikely
>100 rem
>ERPG-3/ TEEL-3 HI I 1 I
(High)
25 to 100 rem
>ERPG-2 / TEEL-2
<ERPG-3/ TEEL-3 v m I !
{Moderate)
<25 rem
<ERPG-2 / TEEL-2 v v 11 It
(Low)
Notes:
ERPG = emergency response planning guideline. TEEL = Temporary Emergency Exposure Limit.
SSC = structures, systems, and components. TSR = technical safety requirement.

1-3
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Environmental consequences are also assigned during the risk binning process. There are four
levels of environmental consequences (EO, E1, E2, and E3, in order of increasing severity) and
these levels are defined in Table 1-3.

Table 1-3. Environmental Consequence Levels.

Category Definition
E3 Offsite discharge or discharge to groundwater
E2 Significant discharge onsite
El Localized discharge
EO No stgnificant environmental consequence

1-4
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2.0 RISK BINNING RESULTS

A risk binning team meeting was held July 22, 2002, to obtain consensus on the assignment of
frequencies, consequences, and risk bins. The attendees represented a wide range of expertise in
the areas of engineering, licensing, and operations, and included representatives from the

U.S. Department of Energy, Office of River Protection. Appendix A lists the attendees and the
organization each attendee represents. (Note the attendance list is labeled *“above grade structure
failure.” However, the list was used for two meetings as noted at the bottom of the page.) After
the meeting, the risk binning results were distributed to the Technical Working Group for review
and concurrence. With some minor clarifications, the Technical Working Group concurred with
the final risk bin results, which are shown in Table 2-1.

A subsequent meeting was held on September 14, 2004, to assign risk bins and controls for
aboveground tank failure conditions that were identified during the design and hazards analysis

of the Demonstration Bulk Vitrification System (DBVS). The results are discussed in Sections
2.3.1 and 3.1.

Another meeting was held on January 27, 2005, to assign risk bins and controls for aboveground
tank failure conditions that were identified during the design and hazards analysis of the Contact-

Handled Transuranic Mixed (Waste) (CH-TRUM) Facility. The results are also discussed in
Sections 2.3.2 and 3.2. '

Table 2-1. Summary of Results for Representative Scenarios.

Consequences Risk bin
—t — -y Ia. — — —
. 8 g S| B s g S
Postulated acc;c!e.nt/ Frequency 2 % 2 -En 2 'E" g LB ) 8 'gﬂ
hazardous condition @ 2 & 2 @ =2 = T 2 a2 72
=2 o= = == o = =9 [=I=]
O 5 o2 o .2 = O3 o2 c .8
= M 7] = =1 = ™
- ] bS] = i e &
=
Release of radioactive and
hazardous material from 242-T
Evaporator due to facility A L L L El 1 = m
degradation.
Notes:
A = anticipated.
L = low.
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2.1 ABOVEGROUND TANK FAILURE
REPRESENTATIVE ACCIDENT
WITHOUT CONTROLS

2.1.1 Accident Scenario

The 242-T Evaporator was constructed in the early 1950s and has been idle since the 1970s. The
structure was not designed to current standards and has not been maintained. This establishes the
scenario in which the building fails due either to degradation or natural phenomena. The roof
panels collapse on the evaporator vessel and it splits open, spilling the contents, which are then
picked up by the wind and dispersed. The potential initiators of this accident are structural
failure of the roof or wall collapse because of aging or corrosion, roof overload because of snow
or ash, high winds, or a seismic event. Documentation of the facility shut down is limited, so it
is unclear what contents remain in the 242-T Evaporator.

Adding to the waste in the evaporator 1s material assumed to be on the high-efficiency particulate
air (HEPA) filters. This material is assumed to blow out during the pressure pulse through the
ventilation system when the roof panels fall. '

2.1.2 Frequency Determination

The initiator for the scenario is the collapse of the roof panels and then falling on the evaporator
vessel. The evaporator vessel is the largest component in the evaporator system and contains the
most waste (based on radiation surveys). There are no other initiators with the potential energy
to cause the vessel to rupture and create a release to the environment that is essentially
unrestricted. The causes of a roof panel falling on the evaporator vessel, which creates
hazardous conditions with the greatest consequences, were then addressed.

A frequency of “unlikely” was qualitatively assigned to this accident based on natural
phenomena initiators. RPP-4780, Calculation Notes with Structural Analysis for the 242-T
Evaporator, Appendix B, contains a failure mode analysis for the 242-T Building to estimate the
frequency of roof collapse scenarios caused by snow or volcanic ash fall, wind loading, or
seismic events. The frequency of roof collapse from these natural phenomena loads was
approximately 2.9 x 107 per year, placing this event in the “unlikely” frequency class

(107 to 10™/yr).

A frequency of “anticipated” was qualitatively assigned to this accident based on degradation of

the structure, which has received minimal maintenance. There is a 107 or greater likelihood that
the building may fall down on its own if no maintenance is performed.

2.1.3 Consequence Determination

After the building collapses, the postulated release results from splash/splatter and wind
entrainment.

2-2
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The calculations presented in Appendix B provide input into the qualitative assessment of
consequences, using conservative modeling assumptions documented in Table 2-2. The analysis
assumes that the waste remaining in the evaporator is released to the environment when the
evaporator fails due to the roof panels falling on it.

It is important to note that the analysis assumptions listed in Table 2-2 were selected to maximize
the calculated consequences of the aboveground tank failure accident. It is the combination of
conservative assumptions that truly drives the accident consequences. Because a combination of
conservative analysis assumptions was used and because of the large difference between the
calculated radiological and toxicological consequences, sensitivity studies were not conducted on
each of the individual input parameters. However, Table 2-2 provides information on each of the
assumptions, the potential effect of changes in the assumption on the frequency or consequence
level (qualitatively evaluated), and the need to protect the assumptions.
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2.2 CALCULATION RESULTS

2.2.1 Assignment of Consequence Bins for the Onsite
Receptors

The maximum effects calculated in Appendix B (including HEPA filter effects) produced
estimated onsite radiological consequences of 3.3 x 10 rem, onsite toxicological consequences
(sum of fractions [SOF]) of 9.7 x 10" (emergency response planning guide [ERPG]-2) and
offsite toxicological consequences (SOFs) of 2.7 x 107 (ERPG-1).

In determining the offsite toxicological and onsite radiological and toxicological consequences
bins, the meeting participants considered the existing analysis which applied a combination of
conservative assumptions to calculate radiological and toxicological consequences. These
calculated consequences are low when compared to the guidelines (i.e., the onsite radiological
consequence <25 rem and the onsite and offsite toxicological consequences (SOFs) of

<1 ERPG-2/Temporary Emergency Exposure Limit (TEEL)-2 and <1 ERPG-1/TEEL-1,
respectively). Therefore, a consequence bin of “low” was assigned to the onsite radiological and
the onsite and offsite toxicological exposures.

2.2.2 Assignment of Environmental Consequences

The hot side of the evaporator building (i.e., where the evaporator vessel is located) has a dike at
its only door. The height of the dike 1s sized to retain the operating volume of the evaporator
(i.e., 4,000 gal). The analysis in Appendix B conservatively assumes 300 gal of solids and
supernatant, which would be easily retained by the dike. If the evaporator vessel were at the
operating level (4,000 gal) with an undetected 3,700 gal layer of contaminated water over the
300 gal of waste, the contents would still be retained in the building. The total collapse of the
south wall, or the south part of the east and/or west wall, to the point where the waste would be
released directly to the ground is not likely.

The aerosol release would be 4.1 x 107 L from splash/splatter and 1.2 x 10™! L from the
entrainment. It was concluded that there is limited potential for material release to either the
atmosphere or ground. Therefore, an environmental consequence of E1 was assigned to the
aboveground tank failure accident.

2.2.3 Assignment of Risk Bins

As discussed previously, the frequency of the aboveground tank failure due to facility
degradation was considered to be in the “anticipated” range, and the offsite toxicological and the
onsite radiological and toxicological were assigned a consequence bin of “low.” Each exposure
category for the aboveground tank failure accident was assigned to Risk Bin III based on

Tables 1-1 and 1-2.
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2.3 ABOVEGROUND TANK FAILURE -
ASSOCIATED HAZARDOUS CONDITIONS

There are numerous additional hazardous conditions represented by the aboveground tank failure
representative accident. (Note that the specific number of hazardous conditions may change
based on changes in field configurations or operations.) The results of the risk binning process
for these hazardous conditions are shown in the hazard evaluation database under representative
accident (Rep Acc) 34. Included in these hazard evaluation database entries is a basis for each
consequence and frequency. Most of the related hazardous conditions consider the failure of
other components in the 242-T Evaporator building. As noted previously, the evaporator vessel
is the largest component in the building and has the largest inventory of waste (based on
radiation surveys). The initiators for the failure of the other components would be the same as
for the evaporator vessel.

2.3.1 Demonstration Bulk Vitrification System
Associated Hazardous Conditions

Additional hazardous conditions related to the aboveground tank failure accident were identified
during the design and hazards analysis of the aboveground tanks associated with the DBVS
project. These hazardous conditions were identified to potentially not be bounded by the
existing aboveground failure representative accident. Analysis is presented here to support the
stand alone preliminary documented safety analysis (RPP-23429, Preliminary Documented
Safety Analysis for the Demonstration Bulk Vitrification System) used to support construction of
the DBVS.

The DBVS project, which is part of the Hanford Supplemental Treatment Project, is intended to
supplement the Waste Treatment Plant low activity waste plant capacity. The project will
determine the feasibility of using bulk vitrification technology to safely and economically
produce an immobilized low activity waste borostlicate glass product that is comparable to
Waste Treatment Plant immobilized low activity waste glass. The Supplemental Treatment
Project performs tests using full scale bulk vitrification equipment and actual Hanford tank
waste. The Supplemental Treatment Project has two major systems:

o The Waste Retrieval System will retrieve salt waste, pretreat the waste through selective
dissolution and solid/liquid separation, and delivers the waste salt solution to the DBVS.

o The DBVS will combine the waste salt solution with glass formers, vitrify the salt/former
mixture, and produce a vitrified waste package suitable for disposal in an onsite licensed
disposal facility.

The major DBVS subsystems/components, and their functions, include:

» Retrieval — Retrieve salt waste solution from single-shell tank (SST) 241-S-109 using
proven retrieval technology, sample and store for analytical verification.

o Feed/Receipt — Receive, sample and store for analytical verification, and feed salt waste
solution.

2-9
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e Waste Dryer Module — Mix salt waste solution with soil and smatl amounts of zirconia
and boria, dry and transfer the mixture to the melt station.

e Melt Station - Using joule heating, melt the mixture to produce borosilicate glass, and
confine and direct the off gas.

o Off-Gas Treatment — Treat off gas generated during the drying and melting process to
remove radionuclides and toxic gases.

o Liquid Effluent — Collect, store and transfer liquid waste to tankers for shipment to
Effluent Treatment Facility.

e Package Interim Storage — Sample finished packages and store until shipment to the
disposal facility.

As part of the feed/receipt function, there are three 18,000 gal waste staging tanks, which are
aboveground. The aboveground tanks associated with the DBVS are subject to failure from one
of several possible causes (e.g., seismic event, high winds, structural degradation, manufacturing
defects, vehicle collisions). The primary structures of concern from a material at risk (MAR)
standpoint are the three large waste staging tanks. During system operations, those tanks could
contain a maximum of 18,000 gal of waste each (which bounds the other aboveground tanks
present in the system and exceeds the volume of MAR in the aboveground tank failure
representative accident discussed above). Scoping calculations were performed to aid in the
assignment of risk bins. The scoping calculations are documented in Appendix C. The results
are summarized in Table 2-3 and a qualitative evaluation of the sensitivity of the analysis
assumptions 1s documented in Table 2-4.

The calculations for the aboveground failure of the small (1,100 gal) 241-S-109 staging tank,
which will be used during the Phase I demonstration of the bulk vitrification process, are
presented in Appendix D along with a qualitative evaluation of the sensitivity of the analysis
assumptions.

It should be noted that the simultaneous failure of the three large waste staging tanks bounds the
consequences of all other failures of aboveground tanks that are part of DBVS, such as the
failure of a single waste staging tank, failure of the waste dryer, failure of the 241-S-109 Phase I
staging tank (see Appendix D), and failure of secondary waste tanks. This is a result of the
combination of quantity of MAR available, the type of waste, and the spill height.

2-10



Table 2-3. Summary of Results for Demonstration Bulk Vitrification System
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Associated Conditions.

Consequences Risk bin
e —_ _ = — - —_
Postulated accident/ g g S| E g S g
= - = & = e -
ostulated acciden Frequency | &% | £ S 2 2 2ml 88l g9
hazardous condition @ 2 == B = = 5 2 z 2 7 =
= - @ = @ = =2 - © ==}
o5 o .= Q.2 E o5 c = o=
=4 n w s 2 = =
= ] ] = - s £
=
Catastrophic failure of
thr_ee t_anks due t.o a U L L M E2 I1I III 11
seismic event with rapid
draining of the contents
Failure of a single tank
with drainage through a u L L L El I 11l 111
broken penetration

Notes:

The frequency determination of “anticipated” in Section 2.1.2 abave for the 242-T Evaporator vessel
(old and not maintained) does not apply to the new tanks in DBVS.
DBVS = Demonstration Bulk Vitrification System.

L = low.
M = moderate.
U

= unlikely. (Note: the frequency range of 1 x 10710 1 x 104/yr is judged to be applicable for

DBVS because the tanks are new, are located in a new enclosure, and will be subjected
to startup testing, and will operate for limited time. Also, the recurfence period of a

performance category 2 seismic event is consistent with this frequency range.
Additionally, the tanks are assumed to fail at the worst possible location to maximize the
splash/splatter component of the release.
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2.3.2 Contact-Handled Transuranic Mixed Waste
Associated Hazardous Conditions

Additional hazardous conditions related to the aboveground tank failure accident were identified
during the design and hazards analysis of the CH-TRUM facility. These hazardous conditions
were also identified to potentially not be bounded by the existing aboveground failure
representative accident. Analysis is presented here to support the stand alone preliminary
documented safety analysis (RPP-23479, Preliminary Documented Safety Analysis for the
Contact-Handled Transuranic Mixed (CH-TRUM) Waste Facility) used to support construction
of the CH-TRUM waste facility.

The CH-TRUM Waste Packaging Unit (WPU) is a supplemental technology developed by
CH2M HILL to receive, dry, and package contact-handled transuranic/mixed waste from Tank
Farm SST systems.

Waste from the 241-B and 241-T Tank Farm SSTs will be retrieved using the SST waste
retrieval {(vacuum retrieval) system and transferred to the CH-TRUM WPU for receipt, drying,
packaging, and interim storage prior to being shipped to the Waste Isolation Pilot Plant (WIPP).
The dried waste will be packaged in 55-gal drums and moved to interim storage facilities via
forklift where it will be temporarily stored prior to shipment to the Hanford Central Waste
Complex.

The CH-TRUM WPU is a modular, portable, nuclear processing system designed to receive and
package waste retrieved from 11 SSTs located in the 200 East and 200 West Areas. The 11
tanks are 241-B-201, 241-B-202, 241-B-203, 241-B-204, 241-T-201, 241-T-202, 241-T-203,
241-T-204, 241-T-104, 241-T-110, and 241-T-111. The WPU will be set up and operated
initially at the 241-B Tank Farm in the 200 East Area. Upon completion of processing at the
241-B Tank Farm, the WPU will be relocated to the 241-T Tank Farm in the 200 West Area.

The WPU 1s sized to process 1.4 Mgal of undiluted waste retrieved from 11 SSTs. The mission
is to complete the packaging of the SST waste in approximately 1 yr, including a 30-day transfer
of the WPU from the 241-B Tank Farm to the 241-T Tank Farm. The WPU is available for
operation 24 hours per day, 7 days per week, 365 days per year, and is designed to receive up to
7,200 gal of undiluted waste per day (14,400 gal per day total throughput when a nominal 1:1
dilution with water is included). Additives will be used, as necessary, to control the properties of
the dried product and insure a flowable material that can be transported in the conveyance chute.

The aboveground tanks/vessels associated with the CH-TRUM system (e.g., waste receipt tanks,
dryers) are subject to failure from one of several possible causes (e.g., seismic event, high winds,
structural degradation, manufacturing defects, vehicle collisions). The primary structures of
concern are the five large feed receipt processing system (FRPS) receipt tanks and the two waste
dryers. During system operations each FRPS receipt tank and each dryer could contain a
maximum of 30,280 L and 10,200 L, respectively, of waste and dilution water which bounds the
other aboveground tanks and vessels present in the CH-TRUM Facility. Scoping calculations
were performed to aid in the assignment of risk bins. The scoping calculations are documented
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in Appendix G. The results are summarized in Table 2-5, and the analysis assumptions are
documented in Table 2-6.

Table 2-5. Summary of Results for Contact-Handled Transuranic Mixed Waste

Associated Conditions.

Postulated accident/
hazardous condition

Frequency

Consequences

Risk bin

Onsite
radiological

Onsite
toxicological

Offsite
toxicological

Environmental

Onsite
radiological

Offsite
toxicological

Onsite
toxicological

Catastrophic failure of
five FRPS receipt tanks
due to seismic event with
rapid draining of the
contents

III

11

Catastrophic faiture of
one FRPS receipt tank
due to seismic event with
rapid draining of the
contents

E2

HI

11t

Catastrophic failure of
one waste dryer due to
seismic event with rapid
draining of the contents

E2

11

I

Failure of a single FRPS
receipt tank with drainage
through a broken
overflow penetration

El

1

III

m

Notes:

FRPS = feed receipt processing system.

H = high.

L = low.

M = moderate.
U = unlikely.
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As shown in Table 2-5, a frequency of “unlikely” (U) is assigned based on several factors;
specifically, the recurrence period of a PC-2 seismic event, the FRPS receipt tanks and waste
dryers are new, will be subjected to startup testing, and will operate for a limited time of about

1 yr. In addition, the tanks and dryer vessel are assumed to fail at the worst possible location to
maximize the splash/splatter component of the release. Therefore, for those reasons, it is judged
that the frequency of occurrence of those events presented in Table 2-5 is in the range of 1 x 10
to 1x 107™/yr.

It should be noted that the failure of either a single or multiple FRPS receipt tanks, or the failure
of one waste dryer, bounds the consequences of all other failures of aboveground tanks/vessels
that are part of CH-TRUM, such as the failure of liquid effluent storage tank, process condensate
tank, or slurry tank. This is a result of the combination of quantity of MAR available, the type of
waste, and the spill height.

2-34



RPP-13175REV 2

3.0 CONTROL SELECTION

For the release of radioactive and hazardous material from the 242-T Evaporator due to facility
degradation, Table 2-1 indicates that the representative accident and associated hazardous
conditions are assigned to Risk Bin III for all receptors; therefore, safety SSCs and/or TSR-level
controls are not required for the aboveground tank failure accident and associated hazardous
condifions. However, defense-in-depth features were identified for the evaporator dump
accident and associated represented hazardous conditions as described in RPP-14821, Technical
Basis Document for Defense-In-Depth Features. No safety SSCs or TSR-level controls were
selected within the defense-in-depth features identified for the evaporator dump accident and
associated represented hazardous condiftons. Facility worker hazardous conditions, including
those associated with the evaporator dump representative accident, were evaluated for controls as
documented in RPP-14286, Facility Worker Technical Basis Document.

31 DEMONSTRATION BULK VITRIFICATION
SYSTEM CONTROLS

For the aboveground failures of multiple and single tanks associated with DBVS, Table 2-3
indicates that the representative accident and associated hazardous conditions are assigned to
Risk Bin II and III, respectively for the onsite receptor due to toxicological releases. Therefore,
safety-significant SSCs and/or TSR-level controls will be required to prevent or mitigate the
releases of hazardous material from the aboveground tank failure accident.

SSCs. Safety-significant SSCs that are selected to prevent aboveground tank failures (i.e., those
that result in Risk Bin I or II) during DBVS operations are described as follows:

e Aboveground transfer system vehicle barners
o Waste staging tanks
e Waste dryer.

The safety function of the aboveground transfer system vehicle barriers is to prevent waste leaks
from the waste staging tanks and waste dryer caused by vehicle collision, thus decreasing the
frequency of an aboveground tank failure accident. The safety function of the waste staging
tanks is to contain waste and to confine waste in the event of primary tank failure, thus
decreasing the frequency of an aboveground tank failure accident. The waste dryer has a safety
function to contain waste, thus decreasing the frequency of an aboveground tank failure accident.

Safety-significant TSR administrative controls (ACs) and design features that are selected to
prevent and/or mitigate aboveground tank failures are described below.

TSRs. The TSR controls selected for the failure of aboveground tanks during DBVS operations
are the following ACs:

o DBVS Controls
— Vehicle barriers
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— Waste dryer “openings” and seals
¢ Emergency Preparedness
SMP

- Hoisting and rigging

The DBVS Controls AC prevents waste leaks from the waste staging tanks and waste dryer
caused by vehicle collision, thus decreasing the frequency of an aboveground tank failure
accident and ensures waste dryer openings are closed and seals are inspected and tested, thus
decreasing the frequency of an aboveground tank failure accident. The Emergency Preparedness
AC was selected to decrease the consequences of waste staging tank and waste dryer failures
caused by natural phenomena events (i.c., seismic, high wind). The hoisting and rigging SMP
was selected to reduce the frequency of load-handling (e.g., load drop) accidents, thus decreasing
the frequency of an aboveground tank failure accident.

Design features. The design feature selected to prevent this accident is the waste staging tanks
shield wall.

The important attribute of the waste staging tanks shield wall is the structural integrity of the
wall (i.e., prevent damage to the waste staging tanks in the event of natural phenomena events,
such as seismic or high wind).

Table 3-1 presents the risk bin results with controls for the aboveground tank failure accident
scenarios that are shown in Table 2-3, which presents the corresponding results without controls.
The selected controls, which are described above, decrease the accident frequency from
“unlikely” to “extremely unlikely” (10 to 10"%/yr). This results in Risk Bin III with controls for
the bounding aboveground tank failure accident scenario.
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Table 3-1. Summary of Risk Bin Results With Controls for the
Demonstration Bulk Vitrification System.

.
Consequences Risk bin
= e 5 | § = 7 7
« = =
. S < 2 3 L 2 2
Postulated accu!e‘nt/ Frequency 2% 2 ) 28 2 25 g & 2 %
hazardous condition z 2 = 2 7 = = z ° = 7 =
=] - e = & 1= = = =% = &
i o2 o2 = Q5 o2 o=
= P » b= = » ]
i e £ = ™ ] 2
&=
Catastrophic failure of three
tarlks duc to 2 seismic event EU L L M | E2 | IV v Il
with rapid draining of the
contents
Failure of a single tank with
drainage through a broken EU L L L El v v Iv
penetration
Notes:
DBVS = Demonstration Bulk Vitrification System.
EU = extremely unlikely.
L = low.
M = moderate.

Additional non-safety defense-in-depth features that further reduce the risk of aboveground tank
failure accident scenarios arc identified in RPP-23429 Section 3.3.2.3.2. Other SMPs were
allocated to protect the facility worker and are discussed in the RPP-23429, Section 3.3.2.3.3.

3.2 CONTACT-HANDLED TRANSURANIC
MIXED WASTE CONTROLS

Table 2-5 summarizes the frequencies, consequences, and risk bins without controls for
postulated aboveground tank failure accidents for CH-TRUM. For the catastrophic failure of
either one FRPS receipt tank, or one dryer, or the simultaneous failure of all five FRPS receipt
tanks, the results without controls are Risk Bin I for the onsite receptor due to toxicological
releases. Therefore, safety significant SSCs and/or TSR-level controls will be required for the
FRPS receipt tanks and waste dryers to prevent or mitigate the releases of hazardous material
from the aboveground tank failure accident.

SSCs. Safety-significant SSCs that are selected to prevent and/or mitigate aboveground tank
failures (i.e., those results in Risk Bin I or II) during CH-TRUM operations are described as
follows:

» FRPS receipt tanks
o Waste dryers
o Aboveground transfer system vehicle barriers

o Dewatering system (DWS) International Organization for Standardization (ISQ) freight
container.
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The safety function of the FRPS receipt tanks is to contain waste, thus decreasing the frequency
of an ahoveground tank failure accident. The safety function of the waste dryer is to contain
waste, thus decreasing the frequency of an aboveground tank failure accident. The safety
function of the aboveground transfer system vehicle barriers is to prevent the waste leaks from
the FRPS receipt tanks and waste dryers caused by vehicle collision, thus decreasing the
frequency of an aboveground tank failure accident. The safety function of the DWS ISO freight
container is to maintain important attributes that decrease the consequences of an aboveground
tank failure accident. The important design attribute of the DWS ISQ freight container is to limit
waste leak splash/splatter releases. The DWS ISO freight containers are not required to be leak
tight to mitigate this accident. This attribute is similar to that of the FRPS receipt tank
enclosures (Design Features). However, the DWS ISO freight containers were designated as
safety-significant because they were selected as safety significant for their mitigative function for
the Release of Dried Waste accident scenario.

Safety-significant TSR ACs and design features that are selected to prevent and/or mitigate
aboveground tank failures are described below.

TSRs. The TSR controls selected for the failure of aboveground tanks during CH-TRUM
operations are the following ACs:

« CH-TRUM WPU Controls

— Vehicle barriers

— Waste dryer “openings” and seals

— DWS ISO freight container doors

— FRPS receipt tank enclosure access doors
» Emergency Preparedness
e SMP

— Hoisting and ngging.

The CH-TRUM WPU Control AC for vehicle barriers prevents waste leaks from the FRPS
receipt tanks and waste dryers caused by vehicle collision, thus decreasing the frequency of an
aboveground tank failure accident. The CH-TRUM WPU Control AC for waste dryer
“openings” and seals ensures that waste dryer openings are closed and seals are inspected and
tested, thus decreasing the frequency of an aboveground tank failure accident. The CH-TRUM
WPU Control AC for DWS ISO freight container doors ensures that the doors are closed and
reduces airborne releases from splash/splatter due to waste dryer leaks, thus decreasing the
consequences of an aboveground tank failure accident. The CH-TRUM WPU Control AC for
FRPS receipt tank enclosure access doors ensures that the doors are closed and reduces airborne
releases from splash/splatter due to FRPS receipt tank leaks, thus decreasing the consequences of
an aboveground tank failure accident.

Two SMPs, the hoisting and rigging program and the emergency preparedness program, are
selected as TSR-level controls to reduce the frequency and consequences, respectively, of
potential releases of radioactive and other hazardous material from aboveground tank failure
accidents.
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The hoisting and rigging program AC was selected to reduce the frequency by imposing design
and administrative requirements to prevent load-handling (e.g., load drop) accidents, thus
decreasing the frequency of an aboveground tank failure accident. This program provides
guidelines for inspection, personnel qualification, training, equipment to be used, and critical lift
procedures.

The emergency preparedness program AC was selected to decrease the consequence of FRPS
receipt tank and waste dryer failures caused by natural phenomena events (i.€., seismic, high
wind) by implementing rapid evacuation or take cover procedures for the facility and collocated
workers immediately following the event. A description of the emergency preparedness and
hoisting and rigging programs are provided in the PDSA for CH-TRUM (RPP-23479),
Chapters 15.0 and 17.0, respectively.

Design features. The design feature selected to mitigate this accident is the FRPS receipt tank
enclosure.

The important attribute of the FRPS receipt tank enclosures is to limit waste leak splash/splatter
releases. Both the DWS ISO freight container and the FRPS receipt tank enclosures hmit the
releases by reducing the direct release of aerosol to the atmosphere. Note that the FRPS receipt
tank enclosures are considered waste transfer-associated structures to mitigate waste transfer
leaks.

Table 3-2 presents the risk bin results with controls for the aboveground tank failure accident
scenarios that are shown in Table 2-5, which presents the corresponding results without controls.
The selected controls, which are described above, decrease the accident frequency from
“unlikely” to “extremely unlikely” (10 to 10™* per yr) and mitigate the consequences to
“moderate.” This results in Risk Bin I with controls for the bounding aboveground tank failure
accldent scenarios.
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Table 3-2. Summary of Risk Bin Results With Controls for
Contact-Handled Transuranic Mixed Waste.

Consequences Risk bin
- _ —_ = _ - —_
Postulated accident/ B . s g £ 8 . s s
- e & = S - o
hazar'd.ous Frequency £ :cn Ez Eﬂ = §° E £ En 5 §° £ §°
condition 8 = B _g 5 § .g S = uo- § S 'g
=1 e = s = M 7]
i e e = i s e
=
Catastrophic failure
of five FRPS receipt
tanks duc o scismic EU L L M| B2 v I\ I
event with rapid
draining of the
contents
Catastrophic failure
of one FRPS receipt
tank due to seismic EU L L M E2 v v 1

event with rapid
draining of the
contents

Catastrophic failure
of one waste dryer
due to seismic event EU L L M E2 v v 111
with rapid draining
of the contents

Failure of a single
FRPS receipt tank
with drainage EU L L L El v v v
through a broken

overflow penetration

Notes:
EU = extremely unlikely.
FRPS = feed receipt processing system.

H = high.
L =low.
M = moderate.

Additional defense-in-depth features that further reduce the risk of aboveground tank faiture
accident scenarios are identified in RPP-23479, Section 3.3.2.3.2. Other SMPs that protect the
facility worker from postulated aboveground tank failure accidents are described in the
RPP-23479, Section 3.3.2.3.3.
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CONTROL DECISION MEETING ATTENDANCE

Meeting Subject: Aboveground Tank Failures during DBVS Operations

Meeting Date: 9/14/04

Name Knowledge Area(s) Organization Telephone
Represented
(use codes below)

Kevin Sandgren 1,2,3,6,7,9,10 NS&L 372-0374
Mark Hasty 5,7,9 Closure Project 373-9378
David Shuford 4, 18, 20,23 DBVS 372-0703
W.D. White 5,11,12,13 AMEC 531-7662
J. M. Grigsby 1,2,3,6,7,9,10 CH2M NS&L 372-1907
Ray Merriman 8 CH2M - DA 372-1653
John Harris 1,2,3,6,7,9,10 NS&L 372-1237
John A. Hammer 5,13 AMEC 948-5333
Mark Lucas 5,18 AMEC 942-1292
Robert Kuespert 5,18 AMEC 942-1292
Lawrence J. Kripps | 1,2,3,6,7,9, 10 CH2M HILL 376-1061
Dick Whitehurst 3,4,5,8,9,10,22 | DMIM 375-7883
Charles Grenard 4, 5,10, 21,22 DMIM 375-7895
Knowledge Areas:

1. Licensing

2. Safety Analysis

3. Hazard Analysis.
4. Engineering

5. Operations

6. Accident Analysis
7. Nuclear Safety

8. Design Authority

9. Technical Safety Requirements
10. Safety Structures, Systems, and Components
11. Emergency Preparedness

12. Radiological Control

13. Regulatory Compliance
14. Environmental Protection

15. Quality Assurance
16. Other — specify

17. Industrial Safety

18. Project Management

19. Industrial Hygiene

20. Maintenance Engineering
21. Reliability Engineering
22. Process Engineering

23. Equipment Engineering
24. Other
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CONTROL DECISION MEETING ATTENDANCE

Meeting Subject: CH-TRUM Aboveground Tank Failure Accident Control Decision

Meeting Date: 1/27/05

Name Organization Telephone
Steve Kozlowski CH2M/NS&L 373-1360
Andy Marchese CH2M/NS&L 373-3759
Matt Landon CH2M/Engineering 373-1379
Lawrence J. Kripps CH2ZM/NS&L 376-1061
Wes Bryan CH2M 373-9740
Shawn Hailey DMIM 375-7868
Melissa Holm CH2M/Eng 373-1098
Rick Tedeschi CH2M Hill 373-6018
Mark Sautman DNFSB 373-0101
Curt Reichmuth CH2M/Ops 376-4796
Rick Heath CH2M/Systems Eng 376-3152
Mike Grigsby CH2M/NS&L 372-1907
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APPENDIX B

CALCULATIONS FOR ABOVEGROUND TANK FAILURE
AT THE 242-T EVAPORATOR FACILITY

B1.0 BACKGROUND

B1.1 SCENARIO

This accident corresponds to a hazardous condition identified in HNF-4508, Hazard Evaluation
for 242-T Evaporator Facility, caused by a tank failure, in turn, caused by a partial building
collapse. This accident is somewhat similar to the existing tank failure due to excessive loads
representative accident except that the tank involved is aboveground inside a building. It is
assumed that the tank in question ruptures after being hit by one or more falling roof panels
and/or walls, and that the resulting pressure transient in the building caused by air displacement
is sufficient to breach the high-efficiency particulate air (HEPA) filters in the ventilation system.
The consequences of the HEPA filter failure caused by high pressure representative accident
(Section B3.1) will be added to thosc of the tank failure accident to obtain the total
consequences.

There 1s a release of acrosols from the vapor space of the evaporator added to the blowout of the
HEPA filter, and a time-dependent release of aerosols from liquid dispersed from the rubble of
the 242-T Evaporator building. The entire building inventory is assumed to be in the evaporator
vessel, which contains most of the inventory based on radiation readings. Some initiator causes
one or more concrete roof panels to fall onto the evaporator vessel. The evaporator vessel is
assumed to suffer gross failures and to pour its contents out onto the floor of the facility. It
should be noted that the vessel and supports were designed to hold more than 4,000 gal of waste
with a specific gravity of 1.2 or more. The design of the tank should be able to support the
weight of the roof panels from half the building, if the vessel is empty. This does not consider
any structural degradation of the vessel and supports or the impact loading of the panel falling a
few feet. Because the building 1s assumed to be open to the environment after the building
collapse, aerosol generated during the tank failure and spill can be gjected directly into the air
above the facility. In addition, the air displaced during the roof collapse 1s assumed to breach the
HEPA filters and result in a maximum release from the exhaust system.

The HEPA filter component of accident corresponds to an identified hazardous condition that
addresses most of the other tank farm facilities. A filter blowout could be caused by air
displacement caused by collapse of the building roof, which consists of a series of 20 concrete
panels, each of which is 21 ft 5 1/2 in. by 4 ft 2 in. Half of the roof panels are over the “cold
side” and half over the “hot side.” No calculation was performed to determine how many panels
would have to fall to develop a pressure pulse to blow out the HEPA filters. Each panel is
approximately 80 ft* and each half of the building is approximately 800 ft>. In this scenario, all
the HEPA filters are breached and release a fraction of their contents during an over-pressure
condition within the facility. Each of the two filter banks has two parallel branches each
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composed of two HEPA filters in series, or a total of four HEPA filters per bank, for a total of
cight HEPA filters at risk. The system contains no prefilters separate from the HEPA filters. In
addition, it 1s assumed that the venting from the over-pressure condition causes a further release
(equal to the release from one HEPA filter) from material deposited in the duct and preheater.
Because this facility is assumed to contain no waste outside its tanks and pipes, 1t 1s assumed that
no appreciable sustained unfiltered release occurs beyond the release from the filters themselves.

In summary, this accident has three primary sources of release:
o The immediate release from the blown filters and exhaust system (Section B3.1)

o The immediate release of the aerosol generated from splash/splatter during the tank
failure and agitation of the waste as it pours out onto the floor (Section B3.2)

o A steady release of aerosol entrained by wind from the waste covering the floor of the
open building (Section B3.3).

B1.2 ESTIMATED INVENTORY AT RISK

The material at risk (MAR) is the amount of radionuclides available to be acted on by a given
physical stress. For tank farm facilities, the MAR ts taken to be the maximum quantity of
radioactive material present or reasonably anticipated at each accident location.

The contents of the tanks and vessels within the 242-T Evaporator facility process areas are not
completely identified. The volume of waste in the 242-T Evaporator facility 1s contained
primarily in the evaporator vessel and associated piping. Radiation surveys, system design, and
operating history confirm that other large components (e.g., condensate catch tanks, blend tank,)
either are essentially empty, or contain material with little radioactive content {(e.g., flush water).
The design of the evaporator internals and operating records indicate that the evaporator could
have contained between 0 and a maximum 4,000 gal of material when it was shut down.

The tank 1s 12 ft in diameter and 12 fi tall. It is basically a right circular cylinder with a dished
bottom. The straight section of the tank is approximately 4 ft from the floor with the center of
the dished bottom being about 2 ft from the floor. The top surface of the operating level of
4,000 gal of waste i1s 7.5 ft from the floor. The tank is made of 3/8 in. 347 stainless steel.

RPP-7277, Evaluation of Radionuclide Inventory at 242-T Evaporator, calculates that the waste
inventory present in the 242-T Evaporator vessel 1s more thant 200 gal. The conclusion ts that the
bounding volume is 47 gal of wetted solids, 165 gal of supernatant, and 16 gal of “crud” residual
on the tank wall (solids). The report also says that the 1 rem/h background in the cell would tend
to bias the crud in a conservative direction (higher values predicted than likely to exist). In the
assumed accident, in which the waste flows out of the evaporator with splash/splatter dynamics
and is then entrained by the wind, the 16 gal of crud will be neglected because the likelihood of
the crud contributing to and/or affecting the source term would be less than 10%. Therefore, the
solids/lquid mix 15 22.2%/77.8%. The mix is relatively high in solids compared to the limits
imposed on solids concentrations to ensure fluid flow. Because the unit-liter dose (ULD) for
solids is almost two orders of magnitude higher than the ULD for corresponding liquid, a high
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solids concentration is conservative for radiological consequences. For toxicological
consequences, there 1s a small difference between the solid and liquid factors.

The type and quantity of waste are based on the evaporator vessel operating history and radiation
surveys, respectively. The entire inventory is assumed to be in the evaporator vessel, based on
radiation surveys in the facility. This consolidates the inventory into a single location, making it
more probable that it would be affected by falling roof panels than if it is spread throughout the
building.

In addition to the MAR in the evaporator vessel, there is also MAR assumed on the HEPA
filters. RPP-13437, Technical Basis Document for Ventilation System Filtration Failures
Leading to an Unfiltered Release, provides dose rate per liter of waste on the filter. Fora 2 fi x
2 ftx 1 ft filter with a survey point on the duct 4 in. from the sidé of the filter, the dose rates are
702 mrem/h per L of single-shell tank (SST) liquids and 435 mrem/h per L of SST solids. A
slurry with 78% liquids would have a dose rate of 643 mrem/h per L of slurry. If the assumption
is that the reading on the filter is 200 mrem/h, it would then correspond to 0.243 L of liquid
(200/702), 0.460 L of solids (200/435) or 0.311 L (200/643) of slurry.

0.781iquia(702 mrem/hr-L) + 0.2244145(435 mrem/hr-L)
= 548 mrem/hr + 96 mrem/hr = 643 mrem/hr

Confirming the slurry volume that would produce a 200 mrem/h dose:

0.311 L x [0.784quig(702 mrem/hr-L) + 0.2244;45(435 mrem/hr-L)]
= 170 mrem/hr + 30 mrem/hr
= 200 mrem/hr

The HEPA filter failure accident is assumed to affect all eight HEPA filters in the system even
though only four filters normally are online; the other four filters are isolated by manually
operated dampers. This conservatism allows for the possibility of inadvertently mispositioning
the dampers. The total release is assumed to be the equivalent of nine HEPA filters (cight filters
plus contaminants in the duct). It is very conservative to assume that all eight HEPA filters reach
the maximum loading without having to replace any filters. In addition, it is unlikely that a
downstream HEPA filter would reach 200 mrem/h while the upstream HEPA filter stopped
loading at 200 mrem/h.

B1.3 OTHER ASSUMPTIONS
The following are the assumptions for the parameters of the calculation.

o The airborne release fraction (ARF) and airborne release rate (ARR) are used to estimate
the amount of radioactive material suspended in air as an aerosol and available for
transport due to a physical stress from a specific accident. For discrete events, the ARF is
a fraction of the material affected; for ongoing events, the ARR is a fraction of the
matenal affected per unit time. For aboveground tank failure, different ARFs are
selected for the different parts of the accident (i.e., HEPA filter failure, splash/spiatter,
wind entrainment).
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For splash/splatter the ARF and respirable fraction (RF) were selected from
DOE-HDBK-3010-94, Airborne Release Fractions/Rates and Respirable Fractions for
Nonreactor Nuclear Facilities, for the aerodynamic entrainment and suspension of the
waste from the ground. The immediate waste release from the evaporator vessel is
assumed to be equivalent to a free-fall spill of the entire inventory from a height of 3 ft
onto a hard surface. This is conservative because the distance from the bottom of the
tank to the floor is approximately 2 ft, and the most likely sources of the spill are ruptures
near the tank base caused by the support legs penetrating the base and the bottom drain
connection leaking. The waste is largely concentrated within 3 ft of the floor based on
radiation readings. DOE-STD-3010-94, Section 3.2.3 provides bounding and median
AREFs for alternative waste compositions for spills from 9 ft. Values are provided for two
types of solutions: slurries and viscous. A correlation is provided in DOE-STD-3010-94,
Section 3.2.3.1 for calculations which “...covers all of the spill data, including slurries
and viscous solutions.”

ARF =8.9x 10° x Arch®®

where:
4 = Archimedes Number.
rch
= (density,;;)” x (spill height)3 x g/(solution viscosity)*
Densityg, = 1.2%107 g/ce
Spill height = 100 ¢m
g = 981 cm/s’

Solution viscosity 2.6 x 107 poise.

Arch = (1.2 x 107 g/em®) x (100 cm)® x 981 em/s™/(2.6 x 107 poise)® = 2.1 x 10°
ARF=89x10"x(2.1x10%°=89x10""x3000=2.7x 10°

The selected viscosity (2.6 x 107 poise) corresponds to a value on DOE-HDBK-3010-94,
Table 3-9, at the low end of potential values. Higher values decrease the Archimedes
Number by the inverse of the square.

Air density for ~21 °C (~70 °F) was taken from Fluid Mechanics with Engineering
Applications (Franzini, J. B., and E. J. Finnemore, 1997) (see Attachment B1).
Decreasing the air temperature to 0 °C (32 °F) increase the density to 0.0013 g/cm’ and
increase the Archimedes Number by 17%. However, in the ARF equation Archimedes
Number is taken to the 0.55 power, which means the ARF increases by ~8%.

The RF is the fraction of airborne material that can be transported through the air and
inhaled into the human respiratory system. It is commonly assumed to include particles
10-um aerodynamic equivalent diameter (AED) and less. The term “10-um AED” means
the particle has the same settling speed in air as a 10-um unit density sphere. The actual
diameter could differ from 10 um due to differences in density and/or shape. The
principal emphasis in this document is directed toward the potential downwind hazard to
the populations at some distance from the point of source term generation. Note that the
loss from airborne particles attaching to fixed objects such as foliage, buildings, and the
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ground surface is small due to the small size of the particles. An RF of 0.7 is assumed as
a reasonably high value, selected from the bounding values for the various types of waste.

Onsite and 1 hr offsite breathing rate (BR) is 3.33 x 10™ m*/s (light physical activity;

i.c., it is an 8-hr average, which assumes 2.5 hr of sitting and 5.5 hr of light exercise).
The BR is the rate at which people inhale the contaminated air. The light-activity BR for
an adult male (RPP-5924, Radiological Source Terms for Tank Farms Safety Analysis) is
used to calculate both onsite and offsite receptor inhalation doses for all release scenarios.
The adult male inhalation rate 1s chosen to maximize the intake and resulting dose
equivalent.

Onsite exposure duration is 2 hr. All of the hazardous conditions are initiated by a
significant event (e.g., roof collapse), which would be obvious to the co-located worker.
If a single roof panel falls due to degradation, it would likely come down partially in
pieces (halves). The evaporator would likely not be damaged to the point of failure by
such an event. Increased exposure time will cause an almost linear increase in
consequences with the caveat that the released MAR will decrease with time as the pool
is depleted. If a complete work shift with overtime were assumed, maximum exposure
time (12-hr shift) would be a factor of 6 higher than assumed.

The composite inhalation ULD for SST waste of 7.7 x 10° Sv/L based on Table 4-1 of
RPP-5924. The evaporator processed waste from SSTs in the 200 West Area,
particularly from the T Tank Farm complex. Its feed tank was SST 241-TX-118.
Therefore, the ULDs in RPP-5924, Table B-1, are the values for SST salt cake (SST
241-TX-118 1s the tank with the highest value) and SST saltcake liquid (SST 241-U-106
is the bounding tank). The two possible columns that could be selected from RPP-5924,
Table 4-1, “Dome Failure All Tanks” and “Balance of Scenarios Bounding Cases,” are
identical. The mix is 22.2%/77.8% solids/liquid.

Table B-1. Single-Shell Tank 22/78 Solids/Liquid Mix Unit-Liter Doses (Sv/L).

Receptor Solid Liquid Composite
Onsite 33x10* 4.5x%10° (0.73 + 0.04) x 10°
Saltcake Saltcake or Liquid 7.7 x 10°
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Toxicological consequences are calculated per the methodology established in RPP-8369,
Chemical Source Terms for Tank Farms Safety Analyses. The composite onsite sum of
fractions (SOF) for anticipated and unlikely events is listed in Table B-2 with the source
of the component values.

Table B-2. Single-Shell Tank 22/78 Solids/Liquid Mix Sum of Fractions.

RPP-8369 Table Anticipated and Unlikely

Solids (TEEL-2, onsite) Table 6-8 6.3x10°
Liquids (TEEL-2, onsite) Table 6-20 5.7x%10°
Solids (TEEL-1, offsite) Table 6-5 22x10°
Liquids (TEEL-1, offsite) Table 6-17 3.7x10°
Solids fraction in waste -- 22%

Liquids fraction in waste -- 78%

Composite (TEEL -2, onsite) -- 58x10°
Composite (TEEL -1, offsite) - 3.4x10°

Notes:

RPP-8369, 2003, Chemical Source Terms for Tank Farms Safety Analyses, Rev. 2, CH2M HILL
Hanford Group, Inc., Richland, Washington.

TEEL = Temporary Emergency Exposure Limit.

Because there are three components of the accident with radiological consequences for
the onsite worker and toxicological consequences for both onsite and offsite calculated,
selection of the atmospheric dispersion factors (x'Q") includes different values.

Table B-3 is the matrix of the different types of releases. The toxicological consequences
from the entrainment are not calculated because the concentrations are low compared to
the peak concentrations from the HEPA filters and the splash/splatter.

Based on the assumptions in RPP-13482, Atmospheric Dispersion Coefficients and
Radiological and Toxicological Exposure Methodology for Use in Tank Farms, was used
to determine which value should be used. Table B-3 lists the source of the ¥/Q’s from
RPP-13482. (Note that the column entitled “Meteorological Condition” is considered
Column 1 in the RPP-13482 tables.)

Table B-3 also provides the 3/Q' values from RPP-13482 that are assumed in the
calculations for the aboveground tank failure.
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Because the cell (i.e., the roof, door, and possibly portions of the walls) is assumed to be
open after the roof collapse, the pool is subject to direct entrainment by wind, which has a
much higher velocity than ventilation airflow within a facility. Because this facility is a
small, one-story structure and could be only partially collapsed, no credit is taken for any
mitigation caused by a sheltering effect of rubble. The entrainment rate for the material
after the initial building collapse and waste spill was selected from
DOE-HDBK-3010-94, for the acrodynamic entrainment and suspension of the waste
from the floor. DOE-HDBK-3(10-94, Section 3.2.4.5 provides a bounding value for
large pools in high winds (e.g., 30 mi/h). For a smaller pool or winds with a lower
velocity, the entrainment rate is lower. Therate of 4 x 10"%/hr is consistent with the
information provided with DOE-HDBK-3010-94, Figure 3-8. It states, “With a fetch of
10 m (~33 ft), a wind speed of 15 m/s (~ 33.6 mi/hr), and an effective active layer (depth
of liquid actually involved in drop generation) under these conditions of 1 mm to  cm,
the airborne suspension rate would range from 4E-6/hr to 4E-8/hr.” The fetch is the pool
diameter; for the 242-T Evaporator this would be the length of the building (~ 40 ft).
Lower air entrainment values are presented for liquids indoors exposed to forced
ventilation (4 x 107/hr in Section 3.2.4.5), or for liquid in remnants and debris

(4 x 10°%/hr in Section 3.2.4.5). A conservative value of 4 x 10°%hr (1.1 x 10'9/sec) was
selected for the analysis.

DOE-HDBK-3010-94, Section 5.4, for shocking, blasting, or impacting a HEPA filter in
an unconfined or a confined space provides an ARF range from 1.0 x 10 to 1.0 x 102,
The phenomenon of the roof panel falling and creating a mild pressure pulse is best

described as a shock. This analysis assumes the same value, 2.0 x 10 as used in
RPP-13437 (see Table B-4).

Table B-4. High-Efficiency Particulate Air Filter Airborne
Release Fractions for Various Initiators.

Scenario ARF RF
Shock 2x10° 1.0
Blast 1x 107 1.0
Free-fall or impact 5x10° 1.0
Enclosed 5x10* 1.0
Open 1x107 1.0

Notes:
ARF = aerosol release fraction.
RF = respirable fraction.

B-8



RPP-13175 REV 2

B2.0 CONSEQUENCE CALCULATION METHODS

B2.1 SOURCE TERM

Both radiological and toxicological consequences are estimated using standardized factors to
account for the source term, atmospheric dispersion, and hazard index.

The airborne source term is typically estimated via a five-component linear equation. The total
released (Equation B1) is used for radiological dose calculations and the release rate
{Equation B2) is used for toxicological calculations.

Q = MAR x DR x ARF x RF x LPF (B1)
Q'=MAR x DR x ARR x RF x LPF (B2)
where:
() = quantity released as respirable particles (L)
MAR = material-at-risk (L)
DR = damage ratio (= 1.0 for this analysis = unitless)
ARF = airborne release fraction (unitless)
RF = respirable fraction (unitless)
LPF = leak path factor (= 1.0 for this analysis = unitless)
Q' = respirable release rate (L/s)
ARR = airborne release rate fraction (= ARF/T(rgr) = 1/s)
Tirery = release duration (sec).
QO=MARx 1.0x ARFx RF x 1.0 (B1la)
Q'=MARx 1.0x ARF/60x RF x 1.0 (B2a)

The factors in Equations B1 and B2 are described in more detail in Section B1.

B2.2 RADIOLOGICAL DOSE CONSEQUENCE
METHOD

The total onsite dose can include inhalation and submersion (i.e., immersion in the cloud of
radioactive material). Usually the dominant exposure pathway is via inhalation. RPP-5924
describes the individual dose as Equation B3:

D=0x y0'x BRxULD (B3)
where:
D = inhalation dose at a downwind location (Sv)
) = amount released as respirable particles, the source term from Equation Bla (L)
¥/Q' = air transport factor (s/'m®)
BR = breathing rate (m’/s)
ULD = unit-liter dose (Sv/L).

B-9



RPP-13175 REV 2

The source term, (, is the amount of radioactive material released to the environment as
described in Section B2.1 (Equation Bla).

B2.3 TOXICOLOGICAL CONSEQUENCE
METHOD

The methodology that is used to calculate the toxicological exposure consequences is
documented in RPP-8369. In this method, the source release rate is multiphied by the air
transport factor and an appropriate unitless sum of fractions (USOF). The USOF is a sum of the
ratios of each mean analyte concentration for the waste type (e.g., SST solids) to its respective
Temporary Emergency Exposure Limit (TEEL) or allowable concentration in air. The value of
the USOF is dependent on the waste composition and the event frequency (Equation B4).

SOF = Q'x y/Q'x USOF (B4)
where:
SOF = sum of fractions
Q' = release rate from Equation B2a (L/s)
7/O' = air transport factor for a plume (s/m?)
USOF = unitless sum of fractions, computed as the sum of the unitless ratios of
the analyte concentration divided by its TEEL.

Il

The SOF represents the total fraction of the air concentration guideline that the release caused.
The SOF risk guideline for a given release is 1.

The release rate, (), is computed as shown in Section B2.1, Equation B2a. When using the SOF
values from RPP-8369, the calculations require the application of a conversion factor
(1 m*/10° L) to convert the release rate from the L/s to release rate values of m>/s.

B3.0 CONSEQUENCES

B3.1 HIGH-EFFICIENCY PARTICULATE AIR
FAILURE CAUSED BY HIGH PRESSURE

Each filter is assumed to contain 3.11 x 10" L of SST waste equivalent (Section B1.2):

9 “filters” x material per filter x ARF (9x3.11x 10" Lx2.0x10%)=5.60x 10° L. The
duration of the release caused by overpressure is expected to be less than 1 min, so the minimum
1-min averaging time for corrosive/irrtant agents was used; assuming the entire release to be
averaged over a 1-min (60 sec) period produces a release rate of 9.33 x 10° L/s. Consistent with
the assumption in Section B1.3, RF = 1 for the HEPA filter failure.
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The resulting radiological doses and SOFs (“anticipated” frequency class) for the HEPA filter
failure caused by the over-pressure accident without controls were calculated as follows:
Radioclogical Dose = (Q)(}QYBR)YULD)
Onsite dose = (5.60 x 10° L)(3.28 x 107 s/m’)(3.33 x 10 m*/5)(7.7 x 10* Sv/L)

=4.7x 107 Sv (4.7 x 107 rem).
Toxicological Dose = (Q)¥QXSOF)(1 m*/10° L)

Onsite = (933 x 10° L/s)(3.28 x 107 s/m’)(5.8 x 10°}(1 m*/10°L) = 1.8x 107
Offsite = (9.33x 108 1/6)(2.22 x 107 s/m*)(3.4 x 101 m*/10° L) = 7.0x 10,
where:

0 =5.60x 10°(L)
XQ' (radiological) = 3.28 x 107 (s/'m”)
BR =3.33x 10 (m’/s)
ULD =7.7 % 10° (Sv/L)
0' =933 x 10% (L/s)
SOF =5.8x 10° (onsite) and 3.4 x 10° (offsite)
¥/Q' (toxicological) = 3.28 x 10" (s/m’) onsite and = 2.22 x 107 (s/m’) offsite.

B3.2 INITIAL RELEASE OF SUSPENDED
AEROSOLS FROM TANK FAILURE

The initial spill from the evaporator vessel is modeled as a spill of liquid on to a hard surface
from some height. To determine the respirable material from the splash/splatter, solve

Equation 1a, assuming 300 gal of waste in the evaporator (i.e., 50% more than calculated in
RPP-7277):

Q=300galx3.79 L/gal x 2.7x 10°x0.7=2.1x 10” L.
This 1s the amount assumed for the release from splash/splatter including the RF of 0.7. For
toxicological consequences, the amount is averaged over 1 min (i.e., divide by 60 sec) and RF is

not used (Q' = 5.1 x 10" L/s).

The radiological doses and SOFs for the initial release of suspended aerosols component of the
tank failure accident without controls were calculated as follows:

Onsite dose: [nhalation = (Q)(x/Q }BR)(ULD;y;)

=(2.1x 107 L)(3.28 x 107 &/m’)(3.33 x 107 m¥/s}(7.7 x 10° Sv/L)
=1.8x 107 Sv (0.018 rem).

Onsite SOF: SOF = Q'x (y/Q) x USOF

2 (5.0x10°L/s)3.28 x 102 s/m’)(5.8 x 10%) (1 m*/10° L) =0.97
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Offsite SOF: SOF = Q'x (/Q) x USOF
> (5.1x 107 L/s)(2.22 x 107 s/m*)(3.4 x 10°) (1 m*10° L) = 3.8 x 107,

where:
0=21x10% ()
¥ Q' (radiological) = 3.28 x 102 (s/m3)
BR =333 x 10* (m’/s)
ULD =7.7x 10° (Sv/L)
Q'=5.1x10° (L/s)
SOF = 5.8 x 10® (onsite) and 3.4 x 107 (offsite)
Y Q' (toxicological) =3.28 x 10" (s/m’) onsite and = 2.22 x 107 (s/m?) offsite.

B3.3 CONTINUOUS RELEASE FROM MATERIAL
SPILLED ON FLOOR

After the initial energetic release of acrosol, the release rate from the pool of material inside the
facility will fall to a constant level. Applying the release rate 4 x 10°/hr to the equivalent
evaporator vessel inventory (300 gal) gives the corresponding 2-hr radiological release to the
onsite receptor.

Q=300galx3.79 L/gal x 4 x 10%hrx 2 hrx 0.7=6.4x 10° L.

Because the toxicological exposure is rate dependent and the highest rate occurs at the beginning
of the accident (the first minute), toxicological calculations are not done for the long-term
exposure that would result from entrainment.

The resulting radiological doses for the continuous release from the floor-spili component of the
tank failure caused by a building or roof collapse accident without controls were calculated as
follows:

Onsite dose (2-hr):  Inhalation =2 (Q)( /O )(BR)(ULD;y)
= (6.4 x 107 L)(9.40 x 10° s/m*)(3.33 x 10™* m*/s)(7.7 x 10’ Sv/L)
=1.5x 10™ Sv (0.015 rem).

B4.0 SUMMARY

The total consequences for the tank failure caused by a building or roof collapse accident are the
sum of the consequences of the three component releases: (1) aerosols suspended by the
evaporator vessel rupture (Section B3.2); (2) the continuous release from the material spilled
onto the floor of the room (Section B.3.3); and (3) the release from the failed filters in the
exhaust system (Section B3.1). Note that the peak release rates from the initial aerosol release
and the filter failure occur at the same time in the first minute of the accident and so are directly
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additive (along with the constant release rate from the spill). The resulting totals are as follows
for the tank failure caused by a building or roof collapse without controls:

Onsite dose: Sections B3.2 + B3.3 + B3.1

> 1.8x10%Sv+15x10%Sv+4.7x107 Sv
=33x 10" Sv (0.033 rem = 33 mrem).
Onsite SOF:; Sections B3.2 + B3.1

2> 97x107+18x10°=97x10"

Offsite SOF: Sections B3.2 + B3.1

> 3.8x10°+7.0x10°=3.8x 107

The following tables give the consequences of the 242-T Evaporator building collapse. Both
Tables B-5 and B-6 show that onsite radiological consequences are well below the low
consequence evaluation guideline and are classified as “low.” In addition, the tables show that
the onsite and the offsite toxicological consequences are well below the low consequence
evaluation guidelines, and therefore, are also classified as “low.”

Table B-5. Consequences of 242-T Evaporator High-Efficiency Particulate Air Filter Failure

Caused by High Pressure Without Controls.

Evaluation guideline
Hazard Receptor Dose/exposure (anticipated)
Radiological Onsite 47x1078v 0.25 Sv
Onsite 1.8x10° 1
Toxicological
Offsite 7.0x 10° 1
Note:
NA = not applicable.
Table B-6. Consequences of 242-T Evaporator Vessel Failure Without Controls.
Evaluation guideline
Hazard Receptor Dose/exposure (anticipated)
Radiological Onsite 33x10%Sv 0.25 Sv
_ . Onsite 9.7 x 10" 1
' Toxicological
Offsite 3.8x10° 1
Note:

NA = not applicable.
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APPENDIX C

CALCULATIONS FOR ABOVEGROUND TANK FAILURE
DURING DEMONSTRATION BULK VITRIFICATION SYSTEM OPERATION

C1.0 INTRODUCTION

The purpose of this appendix is to provide a basis for the qualitative assessment of consequences
to be used for risk binning. Consequences are calculated for the radiological and toxicological
exposures resulting from a release of radioactive or hazardous waste materials from the above
ground tanks associated with the Demonstration Bulk Vitrification System (DBVS) operations.

C2.0 WASTE RETRIEVAL SYSTEM OPERATIONS HAZARDOUS CONDITIONS

The aboveground tanks associated with the DVBS are subject to failure from one of several
possible causes (e.g., seismic event, high winds, structural degradation, manufacturing defects,
vehicle coltisions). The primary structures of concern are the three large waste staging tanks.
During system operations, the three tanks could contain a maximum of 18,000 gal of waste each
(which bounds the other aboveground tanks present in the system). Two failures are analyzed
here: a catastrophic failure of all three tanks with rapid drainage of the contents (e.g., the
shielding wall falling onto all three tanks), and a failure of a single tank with drainage through a
broken penetration. The consequences consist of splash and splatter from the spill and
entrainment of aerosol by air movement over the pool of released waste.

C3.0 ASSUMPTIONS
The following enabling assumptions are considered for the catastrophic failure of three tanks:

e The top of the tank is assumed to be 283 cm above the floor and the bottom of the tank is
assumed to be 40 cm above the floor based on drawing DBVS-SK-M104 (see
Appendix E).

e The tanks are assumed to be full to maximize the material at risk (18,000 gal per tank).

o All three tanks are assumed to drain within 60 seconds due to large simultaneous
breaches in each tank at the worst possible height.

o Forradiological consequence calculations, the three tanks are assumed to consist of 95%
liquid and 5% sludge from single-shell tank (SST) 241-5-109.

e For toxicological consequence calculations, the three tanks are assumed to contain 95%
liquid and 5% solids from SST 241-5-109.
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e The specific gravity of the slurry in the tanks is assumed to be ~1.2 to maximize the
splash and splatter.
e The duration of exposure to entrainment and resuspension is assumed to be 8 h.

The following enabling assumptions are considered for the failure of a single tank through a
broken penetration:

e The only penetration that is not on the top of the tank is assumed to be 55 cm above the
floor based on drawing DBV S-SK-M104 (see Appendix E).

o The tank is assumed to be full of waste to maximize the head and material at risk.

» The tank is assumed to drain through a broken 2-in. ID penetration. (Based on drawing
DBVS-SK-M104 (see Appendix E).)

» The tank is assumed to have a maximum head of 90 in. above the penetration. (Based on
drawing DBVS-SK-M104 (see Appendix E).)

» The tank penetration is assumed to have a sharp edged entrance and exit.

« For radiological consequence calculations, the tank is assumed to consist of 95% liquid
and 5% sludge from SST 241-S-109.

» For toxicological consequence calculations, the tank is assumed to contain 95% hquid
and 5% solids from SST 241-5-109.

» The specific gravity of the slurry in the tank is assumed to be ~1.2 to maximize the splash

and splatter.

o The duration of exposure to entrainment and resuspension 1s assumed to be 8 hr.,

C4.0 INPUT DATA FOR UNIT LITER DOSES AND SUM OF FRACTIONS

The input data used is as follows:

1. Onsite unit liter doses (ULD) for SST 241-S-109 are taken from RPP-5924, Radiological
Source Terms for Tank Farms Safety Analysis:

Waste Type ULD (Sv/L) Basis Tank
SST Liquid 7.8 x 10' . 241-8-109
SST Sludge 3.1x 10° 241-8-109
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2. Sum of fractions (SOF) muitipliers for each Temporary Emergency Exposure Limit (TEEL)
for SST 241-8-109 are taken from RPP-8369, Chemical Source Terms for Tank Farms Safety
Analyses:

Waste Type  TEEL-1  TEEL-2  TEEL-3 Bagis Tank
SST Liquid  7.97x10% 1.18x10° 7.03x10°  241-S-109
SST Solids  2.19x10° 322x10° 230x10"  241-8-109

C5.0 CALCULATION OF MIXTURE UNIT LITER DOSES AND SUM OF
FRACTIONS

C5.1 DEMONSTRATION BULK VITRIFICATION SYSTEM UNIT LITER DOSE
MULTIPLIERS

ULDs and SOF multipliers for each TEEL were calculated for consequence calculations.

Since the waste is assumed to be 95% liquid and 5% sludge, the resultant onsite ULD can be
found by:

[(7.8 x 10" SW/L) (0.95) + (3.1 x 10° SW/L) (0.05)] = 2.3 x 10% Sv/L

where:

7.8 x 10" Sv/L = onsite liquid ULD before drying (RPP-5924)

3.1 x 10’ Sv/L = onsite sludge ULD before drying (RPP-5924).

C5.2 DEMONSTRATION BULK VITRIFICATION SYSTEM SUMS OF FRACTIONS
MULTIPLIERS

As stated in Section C3.0, each tank is assumed to contain 95% liquid and 5% solids from SST
241-5-109 for the toxicological consequences. Calculating the SOF multipliers:

TEEL-1 SOF multiplier = [(7.97 x 10%)(0.95) + (2.19 x 10%)(0.05)] = 8.7 x 10°

where:
7.97 x 10° = liquid TEEL-1 SOF multiplier before drying (RPP-8369).
2.19x 10° = solid TEEL-! SOF multiplier before drying (RPP-8369).

TEEL-2 SOF multiplier = [(1.18 x 10%)(0.95) + (3.22 x 10 (0.05)] = 1.3 x 10®

where:
1.18 x 10° = hiquid TEEL-2 SOF multiplier before drying (RPP-8369).
322x10°  =solid TEEL-2 SOF multiplier before drying (RPP-8369).
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TEEL-3 SOF multiplier = [(7.03 x 10°)(0.95) + (2.30 x 107) (0.05)] = 7.8 x 10°

where:
7.03x 10°  =liquid TEEL-3 SOF multiplier before drying (RPP-8369).
230x 10" = solid TEEL-3 SOF multiplier before drying (RPP-8369).

C6.0 ACCIDENT CONSEQUENCE COMPARISON

C6.1 Catastrophic Failure of Three Tanks

The assumed failure is a spill of the entire contents of three large waste staging tanks within a
60 second period. The consequences consist of two components: (1) splash and splatter from the
spill and (2) entrainment of aerosol by air movement over the pool of released waste.

Splash and Splatter

The airborne release fraction (ARF) for splash/splatter can be calculated with the following
equation from DOE-HDBK-3010-94, Airborne Release Fractions/Rates and Respirable
Fractions for Nonreactor Nuclear Facilities, Section 3.2.3.1:

ARF=8.9x 10% x Arch®

ARF =89 x 10"°[(1.2 x 107 g/em®)’ x (height)’ x (981 cm/s?)/(7.9 x 107 poise)*]>*

where:
Arch = Archimedes Number
= (density,i)° x (spill height)® x (g) / (solution viscosity)®
1.2x 107 g/em® = density of air (CRC Handbook of Chemistry and Physics [Weast
19811} '
height = gpill height in cm.
981 co/s” = g {acceleration due to gravity)
7.9x 107 poise = solution viscosity (the selected viscosity corresponds to a value

from DOE-HDBK-3010-94, Table 3-9, to conservatively
represent the viscosity of the waste).

As the spill height increases the ARF will increase; however, as the spill height increases the
amount of material at nisk will decrease. The potential spill heights for the tank could be

- anywhere across the height of the tank from an event such as a wall falling onto the tanks. In
order to conservatively calculate the consequences for the release, the point with the maximum
airborne release was found. Since the waste tank internal dimensions are 90 in. wide by 508.75
in. long, each tank will leak 198 gal for every inch above the leak point (or 300 | for every
centimeter). A series of spill heights are evaluated for the maximum airborne release using the
equation above in Section C4-1.
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Table C6-1.  Evaluation of Maximum Airborne Release as a Function of Spill Height.

Spill height Splash/splatter Material at risk per tank . .

(em) ARF (spill volume in liters) Airborne release (liters)
280 429 x 10° 900 3.86x 107
260 3.80x 10° 6,900 2.62x 107
240 333x10°¢ 12,900 429 x 107
220 2.88x 10° 18,900 544 x 107
200 2.46 x 10 24,900 6.13x 107
180 2.07x10° 30,900 6.39 x 10”
178 2.03x 10° 31,500 6.40 x 107
177 2.01x10° 31,800 6.40 x 107
176 1.99 x 10° 32,100 6.40 x 107
175 1.98x 10° 32,400 6.40 x 107
170 1.88 x 10 33,900 6.38x 107
160 1.70x 107 36,900 6.29 x 107

(bmmj?the a0 1.73 x 107 ' 68,000 1.18 x 107

The onsite radiological consequences for the splash/splatter can now be calculated using the
ARF found above:

Onsite Radiological Dosegyastvsplatter =
(32,100 L/tank)(3 tanks)(1.99 x 10)(0.8)(2.3 x 10* SW/L)(3.28 x 107 s/m’)(3.33 x 10" m%/s)

=4.0x 107 Sv
=4.0% 107 rem
where:
32,100 L = material at risk (volume of each large waste staging tank)
1.99x 10°° = ARF for splash/splatter
0.8 = respirable fraction for a viscosity of 7.9 x 10" poise
(DOE-HDBK-3010-94)
2.3 x 10* Sv/L = ULD for 95% liquid/5% solids for SST 241-S-109 (calculated
above, Section C5.1)
3.28 x 107 s/m’ = onsite -hr atmospheric dispersion coefficient (}¢/Q) from
(RPP-13482, Atmospheric Dispersion Coefficients and
Radiological and Toxicological Exposure Methodology for Use
in Tank Farms)
3.33x 10* m’/s = breathing rate for light activity (RPP-5924).

The toxicological consequences are based on a release over time. Since the release is assumed to
take place within 60 seconds:

Releasc Rate = (32,100 L/tank) (3 tanks) / (60 s) = 1.61 x 10° L/s
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The onsite toxicological consequences can now be calculated:

Onsite Moderate Toxicological SOF spiashisplatier =
(1.61 x 10° L/s)(1.99 x 10°)(3.28 x 107 s/m*)(1.3 x 10%)/(1,000 L/m’) = 1.4 x 10™

where:
1.3x 10° = Temporary Emergency Exposure Limit (TEEL)-2 unitless SOF for
95% liquid/5% solids for SST 241-S-109 (calculated above,
Section C5.2)
1,000 L/m> = conversion factor.

Onsite High Toxicological SOF qasn/spiatter =
(1.61 x 10° L/s}(1.99 x 10%)(3.28 x 107 s/m®)(7.8 x 10%/(1,000 L/m®) = 8.2 x 10!

where:

7.8 x 10° = TEEL-3 unitless SOF for 95% liquid/5% solids for SST 241-S-109
(calculated above, Section C5.2).

The offsite toxicological consequences can be calculated similarly:

Offsite Moderate Toxicological SOF gash/spiatter =
(1.61 x 10° L/s)(1.99 x 10%)(2.22 x 10 s/m*)(8.7 x 10%)/(1,000 L/m’) = 6.3 x 107

where:
222 x 107 s/m’ = offsite 1-hr atmospheric dispersion coefficient (RPP-13482)
8.7x 10° = TEEL-1 unitless SOF for 95% liquid/5% solids for SST

241-S-109 (calculated above, Section 5.2).

Entrainment of Aerosol

The entrainment of aerosol by air is based on an airbormne release rate for a liquid pool exposed to
small external wind speeds due to localized damage to the surrounding concrete radiation shield
wall structure. An eight hour exposure to entrainment is assumed for radiological consequences.

The onsite radiological consequences for the entrainment can be calculated from:

Onsite Radiological Dos€enrainment =
(32,100 L/tank)(3 tanks)(4 x 107/hr)(8 hr)(2.3 x 10° SV/L)(5.58 x 107 s/m*)(3.33 x 10™* m’/s)
=1.3x10*Sv
=1.3x10% rem

where;

4x 107 /hr = airborne release rate for entrainment (DOE-HDBK-3010-94,
Section 3.2.4.5)
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23x 10° Sv/L = ULD for 95% liquid/5% solids for SST 241-S-109 (calculated
above, Section C5.1)
5.58 x 107 s/m’ = onsite 8-hr atmospheric dispersion coefficient (RPP-13482).

Toxicological consequences can also be calculated:

Onsite Moderate Toxicological SOF entrainment =
(32,100 L/tank)(3 tanks)(4 x 107/hr)(3.28 x 1072 s/m*)(1.3 x 10%)/(3,600 s/hr)(1,000 L/m’)

=4.6x 107
where:
1.3 x 10° = TEEL-2 unitless SOF for 95% liquid/5% solids for SST 241-S-109
(calculated above, Section 5.2)
3,600 s/hr = conversion factor.

Onsite High Toxicological SOF¢ntrainment =
(32,100 L/tank)(3 tanks)(4 x 107/hr)(3.28 x310'2 s/m>)(7.8 x 10%)/(3,600 s/hr)(1,000 L/m’)
=28x10°

where:

7.8 x 10° = TEEL-3 unitless SOF for 95% liquid/5% soﬁds for SST 241-S-109
(calculated above, Section 5.2).

Offsite Moderate Toxicological SOF entrainment =
(32,100 L/tank)(3 tanks)(4 x 107/hr)(2.22 x 107 s/m’)(8.7 x 10%)/(3,600 s/hr)(1,000 L/m?)
=21x10*

where:

8.7x 10° = TEEL-1 unitless SOF for 95% liquid/5% solids for SST 241-5-109
(calculated above, Section 5.2).

Total Conseguences

The total consequences for the aboveground tank failure during DBVS operations are the sum of
the contributions from splash/splatter and entrainment:

Onsite radiological consequences =40x10%rem + 1.3x 107 rem =5.3 x 107 rem
Onsite moderate toxicological consequences =1.4x 10" + 4.6 x 107 =1.4x 10"
Onsite high toxicological consequences =82x10" + 2.8x 103 =82x 10"
Offsite moderate toxicological consequences =6.3x 107 + 2.1 x 107 =6.3x 107
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C6.2 Single Tank Failure

The assumed failure is a spill of the entire contents of a single large waste staging tank through a
broken 2-in penetration. The consequences consist of two components: (1) splash and splatter
from the spill and (2) entrainment of aerosol by air movement over the pool of released waste.

Splash and Splatter

The ARF for splash/splatter can be calculated with the following equation from
DOE-HDBK-3010-94:

ARF =89 x 10"° x Arch™
ARF =8.9x 107°[(1.2 x 107 g/em®)? x (55 cm)® x (981 cm/s2)/(7.9 x 107 poise)’]"

ARF =2.9x 107
where:
Arch = Archimedes Number
= (density,.)* x (spill height)’ x (g) / (solution viscosity)*
12x 107 g/em’ = density of air (Weast 1981)
55cm = spill height.
981 cm/s’ = g (acceleration due to gravity)
7.9 x 10 poise = solution viscosity (the selected viscosity corresponds to a value

from DOE-HDBK-3010-94, Table 3-9 to conservatively
represent the viscosity of the waste).

The onsite radiological consequences for the splash/splatter can now be calculated using the
ARF found above:

Onsite Radiological Dos€gpiashsplatter =
(68,000 L)(2.9 x 107)(0.8)(2.3 x 107 SV/L)(3.28 x 107 s/m’)(3.33 x 10™ m?/s)

=4.0x10° Sv
=4.0x 107 rem
where:
68,000 L = material at risk (volume of one large waste staging tank)
= (18,000 gal) (3.785 L/gal)
2.9x 107 = ARF for splash/splatter
0.8 = respirable fraction for a viscosity of 7.9 x 10° poise
(DOE-HDBK-3010-94)
2.3 x 10* Sv/L = ULD for 95% liquid/5% solids for SST 241-5-109 (calculated
above, Section C5.1)
3.28x 107 s/m’ = onsite 1-hr atmospheric dispersion coefficient (}/Q) from
(RPP-13482)
333 x 10% mYs = breathing rate (RPP-5924).

The toxicological consequences are based on a release over time. The flow rate out of the
penetration is a function of head which decreases as the spill height increases. The flow rate can
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be found using hy = K (v¥/2g) (Crane 1988, Flow of Fluids Through Valves, Fittings, and Pipe).
The estimated flow rate is based on a sharp edged 2-inch pipe entrance and exit and
conservatively assumes the fluid being released has the viscosity of pure water instead of the
viscosity of SST waste solids.

A head of 90 in. (229 cm) is used based on drawing DBVS-SK-M104 (see Appendix E):
229 cm = 1.5 (v¥/[(2)(981 cr/s”)])

v =547 cm/s
where:
229 cm = head
1.5 = a constant (K) for a sharp edged pipe entrance and exit {Crane, 1988)
981 cm/s” = ¢ (the acceleration due to gravity).

The velocity can be converted into a flow rate:

Velocity x cross-sectional area = (547 cro/s)[(w)(2.54 em)?]=1.11x 10* c’/s
=1.11x 10" L/s.

where:
254 cm = radius of the 2-in. penetration.
The onsite toxicological consequences can now be calculated:

Onsite Moderate Toxicological SOFlashsplatter =
(1.11 x 10' L/s)(2.9 x 107)(3.28 x 107 s/m*)(1.3 x 10%)/(1,000 L/'m’) = 1.4 x 107

where:
1.3x 108 = Temporary Emergency Exposure Limit (TEEL)-2 unitless SOF for
95% liquid/5% solids for SST 241-S-109 (calculated above,
Section C5.2)
1,000 L/m> = conversion factor.

The offsite toxicological consequences can be calculated similarly:

Offsite Moderate Toxicological SOF syashisptatier =
(1.11 x 10" L/s)(2.9 x 107)(2.22 x 10” s/m*)(8.7 x 10%)/(1,000 L/m*) = 6.2 x 107

where:
2.22x 107 s/m’ = offsite 1-hr atmospheric dispersion coefficient (RPP-13482)
8.7x 10° = TEEL-1 unitless SOF for 95% liquid/5% solids for SST

241-8-109 (calculated above, Section 5.2).
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Entrainment of Aerosol

The entrainment of aerosol by air is based on an airborne release rate for a liquid pool exposed to
small external wind speeds due to localized damage to the surrounding concrete radiation shield
wall structure. An eight hour exposure to entrainment is assumed for radiological consequences.

The ousite radiological consequences for the entrainment can be calculated from:

Onsite Radiological Dosecntrainment =
(68,000 L)(4 x 107/hr)(8 hr)(2.3 x 10% SW/L)5.58 x 107 s/m’)(3.33 x 10* m*/s)
=9.3x 107 Sy
=9.3%x 107 rem

where:
4% 107/hr = airborne release rate for entrainment (DOE-HDBK-3010-94,
Section 3.2.4.5)
23x 10 SviL = ULD for 95% liquid/5% solids for SST 241-S-109 (calculated
above, Section C5.1)
5.58x 107 s/m’ = onsite 8-hr atmospheric dispersion coefficient (RPP-13482).

Toxicological consequences can also be calculated:

Onsite Moderate Toxicological SOF cpyainment =
(68,000 L)(4 x 107/hr)(3.28 x 107 s/m’)(1.3 x 10%)/(3,600 s/hr)(1,000 L/m’)= 3.2 x 107

where:
1.3x 108 = Temporary Emergency Exposure Limit (TEEL)-2 unitiess SOF for
95% hiquid/5% solids for SST 241-5-109 (calculated above,
Section C5.2)
3,600 s/hr = conversion factor.

Offsite Moderate Toxicological SOF e qainment =
(68,000 L)(4 x 107/hr)(2.22 x 107 s/m*)(8.7 x 10*)/(3,600 s/hr)(1,000 L/m*)=1.5 x 10™

where:

8.7x 10° = TEEL-1 unitless SOF for 95% liquid/5% solds for SST 241-§-109
(calculated above, Section 5.2). ‘

Total Conseguences

The total consequences for the aboveground tank failure during DBVS operations are the sum of
the contributions from splash/splatter and entrainment:

Onsite radiological consequences =40x10%rem + 93x10°rem =1.3x10%rem
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Onsite moderate toxicological consequences=1.4x 107 + 3.2 x 107 =4.6x 107

Offsite moderate toxicological consequences= 6.2 x 10° + 1.5x 10 7 =21x10*

C7.0 RESULTS

The total consequences are compared to evaluation guidelines in Tables C7-1 and C7-2.

Table C7-1. Summary of Onsite Radiological Consequences Without Controls
for the Aboveground Tank Failure During
Demonstration Bulk Vitrification System Operations.

Onsite radiological consequences

Case Calculated dose Moderate consequence guideline
(rem) {rem}

Catastrophic failure of three tanks
due to a seismic event with rapid 53x107 2.5x 107
draining of the contents

Failure of a single tank with
drainage through a broken 1.3 x 107 2.5x% 10"
penetration

Table C7-2. Summary of Toxicological Consequences Without Controls
for the Aboveground Tank Failure During
Demonstration Bulk Vitrification System Operations.

Toxicological consequences
Onsite Offsite
Case :
Moderate High Consequence Moderate consequence
consequence
SOF Guideline SOF Guideline SOF Guideline
Catastrophic failure
of three tanks due to
a seismic event with | 1.4 x 10" 1 8.2x 10" 1 6.3 x 107 1
rapid draining of the
contents
Failure of a single
tank with drainage 2 4
through a broken 4.6x10 1 - 1 21x10 1
penetration
Note:

SOF = sum of fractions,
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The consequence bin associated with the aboveground failure of either one or three Waste Feed
Receipt Tanks with regard to onsite radiological and offsite toxicological consequences is “low”
because the scoping calculations show that the consequences are below the “moderate™
conseguence cvaluation guidelines. The onsite toxicological consequence bin is also “low” for
the failure of a single tank. However, if three tanks fail, the onsite toxicological consequence bin
is above the “moderate” consequence evaluation guideline value and 1s therefore classified as
“moderate”.
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APPENDIX D

CALCULATIONS FOR ABOVEGROUND TANK 241-8-109 PHASE I STAGING TANK
FAILURE DURING DEMONSTRATION BULK VITRIFICATION SYSTEM
OPERATION

D1.0  INTRODUCTION

The purpose of this appendix is to provide a basis for the qualitative assessment of consequences
to be used for risk binning. Consequences are calculated for the radiological and toxicological
exposures resulting from a release of radioactive or hazardous waste matenals from the above
ground tanks associated with the Demonstration Bulk Vitrification System (DBVS) operations.

D2.0  WASTE RETRIEVAL SYSTEM OPERATIONS HAZARDOUS CONDITIONS

The aboveground tanks associated with the DVBS are subject to failure from one of several
possible causes (e.g., seismic event, high winds, structural degradation, manufacturing defects,
vehicle collisions). The primary structure of concern in this appendix 1s the 241-S-109 staging
tank, which will be used during the Phase I demonstration of the bulk vitrification process. The
staging tank will be an upright, double wall, flat bottom storage tank containing mixed
radioactive waste. The 241-S-109 Phase I staging tank is constructed of polyethylene (plastic)
with a nominal working volume of 1,100 gal; however, the actual volume of stored waste will be
less than 1,100 gal. The tank has a cylindrical geometry with outer diameter and height of 76 in.
and 103.5 in., respectively. Since the tank is constructed of plastic material, the failure analyzed
here 1s a catastrophic failure of the 241-5-109 Phase I staging tank with rapid drainage of the
contents (e.g., the shielding wall falling onto the tank or vehicle impact with the tank). The
consequences consist of splash and splatter from the spill and entrainment of aerosol by air
movement over the pool of released waste.

D3.0 ASSUMPTIONS

The following conservative assumptions are considered for the catastrophic failure of the
241-S-109 Phase I staging tank:

¢ The top of the tank is assumed to be 217 cm above the floor, and the bottom of the tank is
on grade level (based on drawing H-14-106699, S-709 PWRS Staging Tank System).

o Although the nominal working volume of the tank is 1,100 gal, during system operations,
it is assumed that the 241-S-109 Phase [ staging tank could contain a maximum of
1,200 gal of waste. This assumption is made to be conservative on the material at risk
(MAR). (Note this is still far less than the bounding case considered in Appendix C
involving the contents of the either one or three large [18,000 gal each] Phase II waste
staging tanks, which bounds the other aboveground tanks present in the system).
Therefore, the tank 1s assumed to contain 1,200 gal to maximize the MAR.
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o The tank is assumed to drain within 60 seconds due to large breach in the tank.

o Forradiological consequence calculations, the tank is assumed to consist of 95% liguid
and 5% sludge from single-shell tank (SST) 241-S-109.

» For toxicological consequence calculations, the tank is assumed to contain 95% liquid
and 5% solids from SST 241-8-109.

o The specific gravity of the slurry in the tank is assumed to be ~1.2 to maximize the splash
and splatter.

o The duration of exposure to entrainment and resuspension is assumed to be 8 hr.

D4.0 INPUT DATA FOR UNIT LITER DOSES AND SUM OF FRACTIONS

The mput data used is as follows:

3. Onsite unit liter doses (ULD) for SST 241-5-109 are taken from RPP-5924, Radiological
Source Terms for Tank Farms Safety Analysis:

Waste Type ULD (Sv/L) Basis Tank
SST Liguid 7.8 % 10! 241-S-109
SST Sludge 3.1x10° 241-S-109

4. Sum of fractions (SOF) multipliers for each Temporary Emergency Exposure Limit (TEEL)
for SST 241-5-109 are taken from RPP-8369, Chemical Source Terms for Tank Farms Safety
Analyses:

Waste Type TEEL-1 TEEL-2 TEEL-3 Basis Tank
SST Liquid  7.97x 10® 1.18x10° 7.03x10°  241-5-109
SST Solids  2.19x10° 3.22x10° 2.30x 10 241-8-109

DS.0 CALCULATION OF MIXTURE UNIT LITER DOSES AND SUM OF
FRACTIONS

D5.1 DEMONSTRATION BULK VITRIFICATION SYSTEM UNIT LITER DOSE
MULTIPLIERS

Unit liter doses (ULD) and sum of fractions (SOF) multipliers for each TEEL were calculated for
consequence calculations.
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Since the waste is assumed to be 95% liquid and 5% sludge, the resultant onsite ULD can be
found by:

[(7.8 x 10" Sv/L) (0.95) + (3.1 x 10° Sv/L) (0.05)] =2.3x 10* Sv/L

where:

7.8 x 10' Sv/L = onsite liquid ULD before drying (RPP-5924)
3.1 x 10° Sv/L = onsite sludge ULD before drying (RPP-5924)

D5.2 DEMONSTRATION BULK VITRIFICATION SYSTEM SUMS OF FRACTIONS
MULTIPLIERS

As stated above in Section C3.0, the 241-5-109 Phase [ staging tank is assumed to contain 95%
liquid and 5% solids from SST 241-8-109 for the toxicological consequences. Calculating the
SOF multipliers:

TEEL-1 SOF multiphier = [[(7.97 x 10%)(0.95) + (2.19 x 10°)(0.05)] = 8.7 x 10°
where:
7.97 x 10° = liquid TEEL-1 SOF multiplier before drying (RPP-8369).
2.19x 10° = solid TEEL-1 SOF multiplier before drying (RPP-8369}.

TEEL-2 SOF multiplier = [(1.18 x 10%)(0.95) + (3.22 x 10*) (0.05)] = 1.3 x 10°
where:

1.18 x 10° = liquid TEEL-2 SOF multiplier before drying (RPP-8369).
3.22x 10° = solid TEEL-2 SOF multiplier before drying (RPP-8369).

TEEL-3 SOF multiplier = [(7.03 x 10°)(0.95) + (2.30 x 10") (0.05)] = 7.8 x 10°
where:
7.03 x 10° = liquid TEEL-3 SOF multiplier before drying {RPP-8369).
2.30x 10 = solid TEEL-3 SOF multiplier before drying (RPP-8369).

D6.0 ACCIDENT CONSEQUENCE COMPARISON
D6.1 Catastrophic Failure of the 241-S-109 Phase I Staging Tank

The assumed failure is a spill of the entire contents of the 241-S-109 Phase I staging tank within
a 60 second period. The consequences consist of two components: (1) splash and splatter from
the spill, and (2) entrainment of aerosol by air movement over the pool of released waste.
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Splash and Splatter

The airborne release fraction (ARF) for splash/splatter can be calculated with the foliowing
equation from DOE-HDBK-3010-94, dirborne Release Fractions/Rates and Respirable
Fractions for Nonreactor Nuclear Facilities, Section 3.2.3.1:

ARF =89 x 10"% x Arch®

ARF =8.9x 10" [(1.2x 107 g/lem®)? x (height)® x (981 cm/s”)/(7.9 x 107 poise)’]™>

where:
Arch = Archimedes Number
= (density,)” x (spill height)® x (g) / (solution viscosity)’
1.2x 107 g/em’ = density of air (CRC Handbook of Chemistry and Physics [Weast
1981])
height = spill height in cm.
981 cm/s’ = g (acceleration due to gravity)
7.9x 107 poise = solution viscosity (the selected viscosity corresponds to a value

from DOE-HDBK-3010-94, Section 3.2.3.3, Table 3-9 to
conservatively represent the viscosity of the waste).

As the spill height increases the ARF will increase; however, as the spill height increases the
amount of material at risk will decrease. The potential spill heights for the Phase I staging tank
could be anywhere across the height (0 to 217 ¢cm) of the tank from an event such as a wall
falling onto the tank. In order to conservatively calculate the consequences for the release, the
point with the maximum airborne release was found.

An expression for the MAR in gal can be written as:
MAR = 1,200 x (217 — Spill Height) / (217)

A series of spill heights are evaluated for the maximum airborne release using the equations
above in Section D6-1.
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Table D6-1.  Evaluation of Maximum Adrbome Releasé as a Function of Spill Height.
Spill height Splash/splatter Material at risk (MAR) . .
p (cm)g p ARI; (spil volumE'ilg ) Airborne relea%‘e {gal)
5 . 5,60 x 107 1172 6.56 x 10°
25 7.96 x 10 1062. 8.46x 107
50 2,50 % 107 923.5 2.31x 107
75 488 x 107 785.3 3.83 x 10
100 _ 7.85% 107 647.0 507 x 10
125 Li3x10° 509.0 5.77 x 10
130 2:03 x. 10 481.1 5.8179x 10
134 _ 127 x 107 459.0 5.8350x 10
135 129 x'10° 453.5.
136 130 x 10 4479 5.8353x 10
140 137 %:10° 4258 5.8189x 10”
150 1.53x 10°° 370.% 5.67 x 107
175 _ 197 x 10 2323 4.59x 10
.{-near.tjplc(a)f‘. tank) 2:67x10° 387 1.03x 10"

The onsite radiological consequences for the splash/splatter can now be calculated using the
ARF found dbove:

Onsite Radjologlcal Dosegiastiplatter =
(5.84x 107 gal)(3.785 L/gal)(0.8)(2.3 ‘{ 10 Sv/LY(3.28 x 107 s/m’ )3.33 x 107 i /s)
=44x10°8y
=44 %10 rem

where;

584 x 10 L = material at risk {see Table D4-1 above)

1.29 % 10° = ARF for splash/splaiter

0.8 = respirable fraction for a viscosity of 7.9 x. 10~ poise
(DOE-HDBK-3010-94, Section 3.2.3.3, Table 3-9)

= ULD for 95% liquid/5% solids for SST 241-8-109 (calculated
above, Section D5.1)

= onsite 1-ht atmospheric dispersion coefficient (}/Q) from
(RPP-13482, Atmospheric Dispersion Coefficients and
Radiological and Toxicological Exposure Methodology for Use in
Tank Farms)

=breathing rate (RPP-5924).

The toxicological conisequences are based on a release over time. Since the release is assumed to
take place within 60 seconds:

23 % 107 Sv/L

3.28 % 10-2 s/m°

3.33%10-4 m’/s

Release Rate = [(5.84 x 107 gal)(3.785 L/gal)] / (60'8)=3.68%x 107 L/s
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The onsite toxicological consequences can now be calculated:

Onsite Moderate Toxicological SOF giashisplatier =
(3.68 x 10” L/s)(3.28 x 107 s/m”)(1.3 x 10%)/(1,000 L/m”)

=1.6x 10"
where:
1.3x 10° = Temporary Emergency Exposure Limit (TEEL)-2 unitless SOF for 95%
liquid/5% solids for SST 241-5-109 (calculated above, Section D5.2)
1,000 L/m*> = conversion factor.

The offsite toxicological consequences can be calculated similarly:

Offsite Moderate Toxicological SOFyjaghisplatter =
(3.68 x 107 L/s)}(2.22 x 107 sim’)(8.7 x 103)/(1,00? L/m®)
=7.1x 10

where:

2.22x10° s/m®> = offsite 1-hr atmospheric dispersion coefficient (RPP-13482)
8.7x 10° = TEEL-1 unitless SOF for 95% liquid/5% solids for SST 241-S-109
(calculated above, Section D5.2).

Entrainment of Aerosol

The entrainment of aerosol by air is based on an airborne release rate for a liquid pool exposed to
small external wind speeds. An eight hour exposure to entrainment is assumed for radiological
CONSEquences.

The onsite radiological consequences for the entrainment can be calculated from:

Onsite Radiological Doseentrainment =
(1,200 gal)(3.785 L/gal)}(4 x 107/hr)(8 hr)(2.3 x 10° Sv/L)(5.58 x 10 s/m*)(3.33 x 10 m'/s)

=6.2x10° Sy
=6.2 x 10 rem
where:
4x 107/hr = airborne release rate for entrainment (DOE-HDBK-3010-94,
Section 3.2.4.5)
2.3 x 10* Sv/L = ULD for 95% liquid/5% solids for SST 241-5-109 (calculated

above, Section D5.1)
558x 107 s/m* = onsite 8-hr atmospheric dispersion coefficient (RPP-13482).
Toxicological consequences can also be calculated as follows:

Onsite Moderate Toxicological SOF irainment =
(1,200 gal)(3.785 L/gal)(4 x 107/hr)(3.28 x 10 s/mB)(13.3 x 10%/(3,600 s/hr)(1,000 L/m’)
=21x 10
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where:
1.3x 10° = Temporary Emergency Exposure Limit (TEEL)-2 unitless SOF for 95%
liquid/5% solids for SST 241-S-109 (calculated above, Section D5.2)
3,600 s/hr = conversion factor.
1,000 L/m’ = conversion factor

Offsite Moderate Toxicological SOFenuainment =
(1,200 gal)(3.785 L/gal}(4 x 107/hr)(2.22 x 107 s/m”)(8.7 x 10%)/(3,600 s/hr)(1,000 L/m®)

=9.8x 10°
where:
2.22x 107 s/m® = offsite 1-hr atmospheric dispersion coefficient (RPP-13482)
8.7 x 10 = TEEL-1 unitless SOF for 95% liquid/5% solids for SST 241-S-109

(calculated above, Section D5.2).

Total Consequences

The total consequences for the aboveground tank failure of the 241-S-109 Phase I staging tank
during DBVS operations are the sum of the contributions from splash/splatter and entrainment:

Onsite radiological consequences =44x10%rem + 62x10%*rem =1.1x 10” rem
Onsite moderate toxicological consequences = 1.6 x 10" + 2.1 x 107 =1.6x 10"
Offsite moderate toxicological consequences = 7.1 x 10* + 9.8 x 10°® - =72x 10

D7.0 RESULTS
The total consequences are compared to evaluation guidelines in Tables D7-1 and D7-2.

Table D7-1. Summary of Onsite Radiological Consequences Without Controls
for the Aboveground Tank Failure of 241-S-109 Phase I Staging Tank
During Demonstration Bulk Vitrification System Operations.

Omsite radiological consequences

Case Calculated dose Moderate consequence guideline

(rem) (rem)

Catastrophic failure of 241-5-109
Phase [ staging tank with rapid 1.1x107 25% 10"
draining of the contents
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Table D7-2. Summary of Toxicological Consequences Without Controls
for the Aboveground Tank Failure of 241-S-109 Phase I Staging Tank
During Demonstration Bulk Vitrification System Operations.

Toxicological consequences
Onsite Offsite
Case
Moderate High Consequence Moderate consequence
conseqlence _
SOF Guideline SOF Guideline SOF Guideline
Catastrophic failure
of 241-8-109 Phase
I staging tank with | 1.6 x 107 1 - 1 7.2x 107 1
rapid draining of the
contents
Note:

SOF = sum of fractions.

The consequence bin associated with the aboveground failure of the 241-S-109 Phase I staging
tank with regard to onsite radiological and onsite and offsite toxicological consequences is “low”
because the scoping calculations show that all of the consequences are below the moderate
consequence evaluation guidelines.

A qualitative evaluation of the sensitivity of the analysis assumptions is documented below in
Table D7-3.
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APPENDIX E

BULK VITRIFICATION STAGING TANK NOZZLE AND
S-109 PWRS STAGING TANK SYSTEM DRAWINGS



RPP-13175REV 2

This page intentionally left blank.



£

T4 om B/ NS

INIWIONVHEY JTZZON ANVL ONIDYIS

«?«i”.ﬁi.ﬁni - - TG ENAISIR T 43
m. vop.ﬁtx.mi..m.mmm oot | oo | S imlal L B I
FZmeoZ{mm{ B ; b WA INTIC HOS Lasvd 38: 2
J1ZZON MNVL ONJDVIS T S S (I, 2
NOLLYOIdUA YInd
Y R G 1 BOLSE
AQHANG A0 AINANIEYEED BN ?
N2ISId SABQ TYNII-678&Y | oosuR.
3 A50TI0TR LN FVNCT
17| NDIIONEISNOD ¥D34 QIADHdDY LON
AYVNIATTIdd
H
=
M.
&
E
SHNYL BNIOVIS LSV OMUN WSAS 16EE3Y ZISYM
'HED~dS—A~BICSHE SROUYOIRDISS INIPGHAOMNG 338 'L
J— THIR
2 WYL A0 01 e Aragrt] ZH |
M A0 H0E «£OF Anpirt] 10
. . . EOMY L AR
VL A0 Fovd InCkd NG SAvY CRUNBNGD 5Y LENNINGG ] T
TR ADGE
MVIN ZHL 1y ANVL 40 dDi NG RRLYOF CRHOBLNOD SY rﬁm«znn%w ¥]
R SNOUYODT R KD ~ MNVL 40 0L <1 HCTEBTHINNY | ALN
) SNOEVOOT X D - MKV 40 dOL O1] HSTTH MWL LM | TN
.. - . H3LY_NISY H0 JE0LY i ]
WYL IS 401 WD VD01 ﬂ.wm_tw-m:ﬂimw. omwﬂ.ﬁm TrLIVEIIRE FiH
’ BOLY NISV HO 001y [V —
NRYL A0 dGL MO TUNDOT, Jum_..mm.ntﬂ wﬂ....M Wit ot | T
4] UL TUSY HE W01

NHYL 40 d0L NG TV

FGEIY MISY TN
AN SEVT) 081 LT

KOS TIATT ML

. HAINED {0 8 MR
L AT d0L NG QLVOUT

S03¥ MISY
B0 MEPIVIGRIY MISY
JONVY R TG L0

{3Kvas) HR1EH| 1y

N3 NOVE 30 0L NIR

BOLY MUSY 33 AS0LY

Feaiy RESY 35914 walvaH | o
S TR A e st
s e 30 o1 Bgw | S04 BV 50 HEDLY wava| o
PNWE 40 HDi NGO OREIVDIOY 4 s .ﬂnr.ld.—
; HOALVILAGA
204 WISV O WaDIY p
VL 30 dts MO TANODT | FS0IY MISY 3N TRBHASOAN | oy
4H S DRI T probeuloio
SRIGTION NGHNIVINGD JRVONDOZS SATVA
QLN INGA DY TIATO SGRL J0 NIV AN | W2 HVHL SR 38 e 1
MY DNSNOH INIRRNINGD AVENGNIS | oL 10N TZZO0N) G8L| OSSN
INIVA 305N WYL 40 a0 MO TRnad .
BV WSV MG MEDLY
e d0 301 M0 NS | /5a1e USY 3 g aaveld]
A SEYE O LB
— |eriv migvmo oo -
WYL A0 401 MO TV Soly JUY 3oNv3| | LTUIO HOURILEA L oy
L. : G o i o ) INGHHRENGD b
A0VY FUSY 30 0¥ .
i ¥ ANGNANEE VS| ¥
ML J0 HL NG GHIYCY frpthi-rid v i 7
WYL 0 oW VAN | FOLY MISY NG MeDLY
IINYUL DNSIOH INSINMINGD GowoTas | /SRLY KISY 30N WHET TSYM | E
TAT, BHSHE NNVL d7 dtu NO CUvaon | 36 SRV 2
§ 0¥ FUEY 20 HELY
YEATTES A8 A1 NOUVIMBURED | ™ fcoiv misy 20N Funo msw | N
YL 3G Ditied RO CAVER Pl il 4
| Nyl 30 WO HYIH | SOLY MUEV XD AODlY ]
FONVLE DNSNOH LHNNINGS JVENGQEE | /S0IV AUSY VL] LAEoay aeve] N
FAWA JOISHI L 40 401 NO QAINDDT 38 S5¥I0 DS LT
- P oy -

SFZZON ¥NYL INIMEA3 Qo

o ©

LEN

OIN

CATT SLTeT-ddd

Z




d

orans b z | € ¥ } 5 | ] i
| awad o S GHON 1 " T v REL BRA RO D350 LGN T TE AATRNEVALL SRR -
9 FOTN=-Y5-SAGQ] aore | oz [ S mialE - YN — S = S0
SRIIA ¥ SNOILDES . N R
TIZZON MNVL ONIOVIS "R T 5 0 : “
NOILVOIAMLIA ANd =
V| xowanaio LNIWlEvdIg S ..
NOISIO SASS TTYNIS-616CFL P Lot s Y
5 AZ0IR LN NG | mIA N2
" NOILONHISNDD B4 O3AOHLAVY JON . o
T [IvYNINA3Ed TN
w R - 4 - 0 9
* _ i
2|
A & ¢
5
B
o] . ol N3 ARG OYEHHL
. | |
@ ¢
& i % .
U i o
& g
| H
[: :
- .
¢ ! g
a & o— & — - - ~0 4 /\/\l
L]
m e & & |
wes R
] Jdom g T Y
NolLa3s \&/
JAow gl G ;
(eSS NOILD3S WY/
TN SANYL
oL NI %)
s W A e
3 et
w08 T m “HK ’
LR R { m. m w
RN S Y i | I =7
pos T.J. . N i [ n ! e ] . Wi
N 1 :
— EALE PR A N
aovs vussas L § o [,
TIHIGIS Y .
v NEt I a_._:.:nalil._ R B/L G
3 s = ; o o gfi 0
e ..ﬁﬂ
4 z g ¥ ¢ g g L

A SL1C]-ddd




T |
o b it | g ¥ i 5 9 | i m g
o T (529 ] NMgHT T e SNOISIAZY o Oi~6689CL~PiH WO 0357 13N 15T ALTHEYIOVHL uz;ﬁ«.un
TNt T i ) ] EERLELETED] iz TR T
01669901 .%.P zm_ nm.wui.mﬂm mm._a S & e & faod il PE ] i
: G Iar0ud Sumd B0L-4|  DZvIL-ddd
CAIEHESSY MNYL Co . {047 515] 069901~ 1] O3S U7
WILSAS MNYL ONIOVIS o ' SIENSESY aanil 5.5 £599017F N TERICEY SNV BNI5Y LS @
SHMd 8015 ; e
A4 WIS B §O FTRD R OIS
AOUING S0 INIRLAYA0 s S T v
]
H
<,v|  AOT—
I3 o]
£
m {16 2
@ .38)
@
. o ohald
155 d3iien 7
4 3N BIN m
E
o
{zfL vou)
] =% . ;
oHiNeS Sa% ; S
ONHAIH v
Flednt Bk
2 i i 9
A —
¥ - N
8 o
N D
OT ININISYONT ONSTT) BHOSTE WVETH S HwdS SOTRNY NI FI10H VIO L&E NS il
-2 AUYNNOMdSY §F SSINNOHL NDUYINSN NOUYINSHI IA0RLM -NADHE  SNOISNIRIT 81
o s fait TEUW T e ; : s 3 : i
iz Lo |ss oosvot Tew WYl )0y o pone et T 0 | NIRGTID ORI e HIp GEIV00SSY FII3E DR Tny SRONOD H0d 1h I3 238 2t
w2l le ] L 0B0-954901 ~$t-H . | NGEYTVISN Sy 35 404 SIHN0ND. NOUYITEN Saasiole HIGANS N GHHDIAS 5Y
IS HOIRNOD Sheaid 4005 nal TSI ‘T wod e Akl 2L 01 G3LINENS 38 AIACHS SDNSH SISA 40 00 ¥ COILIILI FURE
aile " v b 38 TS WINALMD 3ONVLAI0DY EMNOH € JSeE i 40 G0i3d SHONNINOD v il
OIS Wienty Noors e, PI0TIOSRILRITY + SO QN THAIVHIARIL INEEHY 1Y HIVH R ALOVYD SNIIMEAD SU 0L e BHL GHITH A0
. - —_ Ol MASAarE 38 Tns WAISAS ) SINOP SNINFLRI-TT ThV 50 AI8N3SSY d3Llv 90
a guie e MOLYHGY 3did Nowong wyy|  POETSEIROITELTH : ) SNSRI M A
Ve T st sve/ver aly, mase - E : GRS S¥ ATTWISNI 39 0L 3¢ HOLKS TICH Ml T3 R QRY NOSKIS 3T FaRAL 21 R AM_ &
o 1) PV g gy uad 1dN L2 OIVISAL DG o - ¢
/ 11818 INSY U3 v Qi G 0L CINOWS0S 39-THHS ¥WYD DMSKIS ¥O. e ' e ot Se¢
giLis LTSS GLUAPDE Z9LY WISV . B . ! LR ¥ IV I 173130 0L OINOWS04 38 TWHS ¥ hESN TO3E3C AVIT LR K30 NN - e g
b ; HWEX T nﬁ«mwxu SHHENG SHIDNGTY o oty WL NE TIEHI GNY SNOLDMEIENE Haf N OAID3GS SV CLL ORY wiL SR TEMISSY ¥
; 1S5 TLdN L V/E USAS NOUDILED A {4 : . L ) .
it WIONEL s Taneds bnoui-31 SENGSINS ONFSSRSE-Ladd L ) . “EnioTRISHI AR K TRA0345 SY Tl 280sd JIAF D1 w3k uwsn
~ 3 H 3 3 - 5 1
=P N ECITI T T R pe— HAGHS FIONE) NCHHISNT 340 FO0MS 0L QA0 SY CHOLONS 3 THS TI0Na I 601 Wiz ]
MOUDALIG WET HaL-Il TIBAD WAV ! i ) ) ‘ONULLY AN ONINIINOI DL A TANLD3AERY
w: g WIHIAN 9 14°5 WSS NOLIHA] ~Ow-3SHE HONOUEDES ONY W BMIA M NMWOHS '5Y Fdig X.Qs_hmg ONY BN NOHEHS OSSN INTHO
et . BRI AR HIi-Z0vAL T DNSHES| LIS/ME 1 mOB0EL] k j S -
T <o VemToeE . ) 3 ROUZES N NRGHS SV TR G
aule P o4 mag e gpe OSREIRTIERL Tiveed JOMYHOSIA OL QIINENG 38 TIWHS S0 IDMMHDSIC b Thi ANE NOUVIWISNE 33 604l
e PR T -rsvatug oy ter K Bl g i) 3 9RI30 M FMOHS SNOBONMLSN K34 adION GHY B WOWd 1Ty 331 3dkd i 2NV BAOHEY Aw

CHOrYDOrE SIS LISY . ! s ,
S INAIO0ME DNIGNDE Wy SHIONOR GALIWND DMEN “BLEY NOALOIS L MAYHD {57 NBNL JBAEST - Am.m

<]
<
<
=
<3

Ty WHIIHETH TIATI ANYE CHOURS BLE-RA0TEIL ‘1B NSV i AHITIAS Sy CFWAISSY J0 TGS SONLUA DAd O3 SINIOC G134 LNINIOS TV
A . . . {oNINAgG O}
pte AL P 10g-Z4 6680 &Y SROLSNMLSN YoM CIAOYJeM NI UTSOIIS B¥ DNHIS DHIST GTHRGSSY 38 TiHS SOTHL 3ad TV P ’
o ) . C wnigen wten 8y ¥3A0 J0VAVEY ’
3] TCULINTYA TATT AL B FH-Ob-E| WRUILET TISA D% 3 TWHE WRSLHD BUWIAI00Y  iSd 5T-/0+] DISd 05y 3 TNHE FenSd
- - NV ShL RMRVURNEL ANJEAY 19 RAIVA 38 TWHS 07T J5I1 L WAL MR NOUYTIISM Jyae 3
enl i L gh?m«: WL HHSHYL ﬂ.ﬂzf&ﬂl.&u.ﬁ 1. 0Ny NOIYIEEYS B Qmwmw_...rﬁ‘-uﬁ.kwmcw__u.ﬁx 39 wﬁﬂt.m NIEMESEYENS DNidid INGILONS ANYL ¥ AL
kR ) 11618 NGV Hd 4 SOUSTS 3005 1SSIA ANSSTee (NY NIN0B IASY i JELMS
10 < BIL e TorY s - e S3A X
£ 1SR TE T/4 1 X 2 0IOVIERL ONRSOE ONENTH ‘ S 36 TS HOUYIEIWAD SH0GT00Hd TN gy Naquh 30 DT TEON H01 SINIKININOTY
: - ; 3 PSY Wil AIGHDD TIVHE SHTENISSYENS d 30 NOHYNINYKS GNY NOLYIREYS
i e i M 0 [PENE £IER ARGV HIM AT§ SHHNISSENS T30 . I
: Y peerrY clusaw 5382 40 %05 O sor 31 sz s dangn ot
gl e — . L ee0e0Z-S—00-NN| | 40 NOWYTIIENE 01 B0 T NGUSIS LNOLYTTSHL iy 50 H04 STNNIAND. NOUNONBNd SIS
L iz Dy eI WAlW] ~—a§—gi—i-209-0 LaoNG N 3iadds S Kembyn ON SSNILLY CIONYS ONY GBOVEMH: C3fladhS-HiM RIIHOL A
. 04615 GHY e ) » . :
—d 9L | iy MiSY 134 Ond 051 SSYW v IMES L00S ‘ ; % S ATIYMIROHAAY. S MVHO INGHERD —
o ety = i e DTT SIS ONGVIR 4 23006 0 rs, WG Mo = EETEN
i e | ey mise o , SRLD ISy 1 QIS 5 NOLVIISN ONY WELSAS ONUVIH °d 9730 06 51 NICd! TRITHIAG WELEAS GRIDAIN T4
8410 NISY Wi JAd 051 $$T B TN 10DKS 30 16 5 RIOSIES 3ELIVEINIL 30VE0LS WOILVISH Oy WEISAS DHUYEM bk 031013 36 OL MRl A e @ B
; IBRISSY ; 1 ’ ; s s0L;
e ORI i ACTERAD | OE TIERRDLTRLH, L . ) . 'SST b SNOTWI DGR O JHTIOA TOVHGLS TNCUVH3A0 ’
- - S.yNe) SIKT A3A NOGOIS N HAGHS 3de—Owas’ ENOTIO 0019 ALTNAYD ZOVHOLS SEOND HNWL &
WL L I . gi1~960801~Fi—H] 1 . o g
ATBNISEY BOIOINOD, 3d TRE MWL - st SNAL 0 ININIOVI TN TN 310, Srareds 10K G0 g g o) AT
; e ’ \ o B ONGES ¥ HUN, HEII008 TTIH oY JINYL LNGARIGNGD ONy ASYRI  HOLIASH:
4w SRUISHON HILHS «GTHE D051 Tk TEngn ey OLFS THOOM HOLAVEL) L ? 0 SOV INEATAd OL NIWYL 38 CTOHS YD LIME0S M 3B TIWHS DNIQNYH ONY 2 P 3
[ 12 - -t | K oMD EHL NO QR0 SV Zae S3HOSSINOV OHY TRLMIRHOVALY 'SOMLLS CNOUINIL FEELSAS DHELY, )
: ATBAISSY D] HOULIS WMVL ey, GS3ioioL TV IR JATIoN 0,038 SISIL L DMivrie 4930 O¥L Xhd
roioe . . nea-| ¥ 1 3dAL LIVA CL6-B66:0 MISY OKY 8 A3Y CINEBH) NOUVHADZLE SIUISAON: ¥30ANS d3d S ML ANU_
AEHIESY ey NS i : : CT -
o 08 : : ; e L SININOANOD TISVHINNG G U3:WT3H NOUYANOIN
) ] messE HoRaAR B DN TN WD S BN PR NOUSTEVISH: ORY “HDAYNRIO "NDSTT S 04 SOC0G-IA TR NOLYANOINI BOCNIA GATIONINGS s L
| _ z g ¥ t g . 9 L m 8

TAdY SLIET-ddd




RPP-13175REV 2

This page intentionally left blank,

E-4



RPP-13175 REV 2

APPENDIX F

HUMAN FACTORS EVALUATION AND PEER REVIEW CHECKLIST FOR
DEMONSTRATION BULK VITRIFICATION SYSTEM



RPP-13175 REV 2

This page intentionally left blank.



RPP-13175REV 2

APPENDIX F

HUMAN FACTORS EVALUATION AND
PEER REVIEW CHECKLIST FOR DEMONSTRATION BULK VITRIFICATION
SYSTEM

Human Factors Evaluation Checklist.

Hazard Analysis Title: Demonstration Bulk Vitrification System Accidents

RPP-23429, Prefiminary Documented Safety Analysis for the Demonstration
Buik Vitrification System, Section 3.3.2.4.9, “Release from Aboveground
Tank Failuic”

Documented Safety
Analysis Section Number;

Itern Issue Yes, No,
No. Unknown
Does the activity/event being planned/analyzed require human interaction o
1 successfully complete the activity or mitigate consequences of the event? Yes
If the answer is No, o to Item No. 23. Otherwise continue with Item No, 2.
21 Arc procedures/instructions available 1o the individuals responsible for the action? '
3 | Are procedutes/instructions complete, accurate, and validated? *
4 i Are the individuals responsible for the action also responsible for collateral duties? *
5 | Are staffing levels adeguate to perform the activity?
6 Are the individuals responsible for the action adequately trained, qualified, and .
experienced to perform the actions?
7 Have the required actions heen walked down in the field to verify execution within the .
time constraints identified in the hazard analysis?
g Have physical obstacles that could prevent successful completion of the activity been .
- removed or accounted for?
9 | Have work area environmental concems been ientified and accounted for? ) *
10 _ [ Has PPE been dedicated and is available, if required? i :
11 | Have the appropriate tools been dedicated and are available, if required? *
12| Does workstation configuration facilitate complction of the actions? N
13 | Are instruments, vatves, switches, or other devices accessible? *
14 | Are instruments, valves, switches, or other devices properly tagged or labeled? *
15 | Is communication equipment operable, dedicated, and available, if necessary? *
16 | Is adequate fixed lighting in place? *
17 _| Is portable lighting dedicated, functional, and avaitable, if nccessary? *
18 | Arc confined space resirictions adequately addressed? *
19 Is temperature, humidity, radiological, and roxicological conditions acceptable far .
human occupancy?
20 Is h_azard material or radiclogical monitoring equipment dedicated. functional, and "
available, H necded?
21 | Are access controls identified and keys available? *
22 | Can acrivities be completed within the time prescribed in the hazard analysis? )

If any answer for Items 2 through 22 is No or Unknown, corrective actions may be required to ensure
successtul completion of the activity as described in the hazard analysis. Complete and decument corrective
actions on Documented Safety Analysis Implementation Checklist and g0 1o Ttem No. 23.

Eval : : ' - . -
dluator Andrew R, Marchese %L’%tﬂ”e /~ 6”0 &

Print , Signz'xture Date

:i/".‘ /
Peer Reviewer: Kevin R. Sandgre v i
" e N a7/
L N Print ) N ’

23

Signature Date

*No or Unknown. As of this date, the design and/or construction of the facility is not complete, procedures have not
been written, and staffing has not been established. The questions presented in the checklist will be addressed as
part of the DSA implementation process.
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Effective Date: 2/12/2004

CHECKLIST FOR TECHNICAL PEER REVIEW

Document Reviewed: RPP-13173, Technical Basis Document for the Aboveground Tank
Failure Representative Accident and Associated Represented Hazardous Conditions, Rev. |

Scope of Review fe.g., document section or portion of calculation): Changes made for revision 1
of this document.

Yes No NA*
X101 []
(X101 []
xX1{} {1
X111 [}
SINNEEN
(X111 [
(X1Er Bl
X1t 1
(X1 [1 [1
X101 [1
(XI (1 (1
Xt 1{1 []
X103 1]
X101 [1
(Xt (1 (]
(X1 [} (]
(X111 1
X301 11
(X101
(X} ] 1)
X111 )

13,
14.

i5

9.
20.
21.

Previous reviews are complete and cover the analysis, up to the scope of this
review, with no gaps.

Problem is completely defined.

Accident scenarios are developed in a clear and legical manner.
Analytical and technical approaches and results are reasonable and
appropriate. (ORP QAPP criterion 2.8} _

Necessary assumptions are reasonable, explicitly stated, and supported.
(ORP QAPP criterion 2.2)

Computer codes and data files are documented.

Data used in calculations are explicitly stated.

Bases for calculations, including assumptions and data, are consistent with
the supported safety basis document (e.g., the Tank Farms Final Safety
Analysis Report).

Data were checked for consistency with original source information as
applicable. (QORP QAPP criterion 2.9)

. For both qualitative and quantitative data, uncertainties are recognized and

discussed, as appropriate. (ORP QAPP criterion 2.17)

. Mathematical derivations were checked including dimensional consistency of

results, (ORP QAPP criterion 2.16)

. Models are appropriate and were used within their established range of

validity or adequate justification was provided for use ountside their
established range of validity.

Spreadsheet results and all hand calculations were verified.

Calculations are sufficiently detailed such that a technically qualified person
can understand the analysis without requiring outside information. (ORP
QAPP criterion 2.5)

. Software input is correct and consistent with the document reviewed.
16.

Software output is consistent with the input and with the results reported in
the document reviewed.

. Software verification and validation are addressed adequately. (URP (Q4PP

criterion 2.6)

. Limits/eriteria/guidelines applied to the analysis results are appropriate and

refercnced. Limits/criterta/guidelines were checked apainst references.
(ORP QAPP criterion 2.9)

Safety margins are consistent with good engineering practices.
Conctusions are consistent with analytical results and applicable limits.
Results and conclusions address all points in the purpose. (ORP (QA4PP
eriterion 2.3}

LT



XLl 11 22
(xyf) 11 23
xXjlr) [ 24
X1{] ) 23
Xj{ 26
(Xrr] 1 27
(Xiry 1 2s
X1y (1 29
(Xt1) [] 30
(X} [} (] 3L
X}y i1 32
(X1 0] [} 33
X111 11 34
(X1t Ly 35
(X1.E] [1 36
X111t 37
IX11] 1] 38
Xyt 39
X1 [ 40
(x1{] 1] 4L
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Ellective Date: 2/122004

All relerences cited in the text, figures, and tables are contained in the
reference list.

Reference citations (e.g., title and number) are consistent between the text
callout and the reference list.

Only released (i.e., not drafl) references are cited. ((ORP QAPP criterion 2.1)
Referenced documents are retrievable or otherwise available.

The most recent version of each reference is cited, as appropriate.

(ORP QAPP criterion 2.1)

There are no duplicate citations in the reference list.

Referenced documents are spelled out (title and number) the first time they
are cited.

All acronyms are spelled out the first time they are used,

The Table of Contents is correct.

All figure, table, and section callouts are correct.

Unit conversions are correct and consistent.

The number of significant digits is appropriate and consistent.

Chemical reactions are correct and balanced.

All tables are formatted consistently and are free of blank celis.

The document is complete (pages. attachments, and appendices) and in the
proper order.

The document is free of typographical errors.

The tables are internally consistent.

The document was prepared in accordance with HNF-2353, Section 4.3,
Attachment B, “Calcuiation Note Format and Preparation Instructions”.
Impacted documents are appropriately identified in Blocks 7 and 25 of the
Engineering Change Notice (form A-6003-363.1).

If more than one Technical Peer Reviewer was designated for this document,
an overall review of the cntire document was performed after resolution of all
Technical Peer Review comments and confirmed that the document is self-
consistent and complete.

X101 1} Concurrence

e “Sﬁnrlf)fn’\ /J/m A/M/[/\_, ! /7/05

Reviewer (Printed Name and Signature) Date

* If No or NA is choscen, provide an explanation on this form.
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CHECKLIST FOR TECHNICAL PEER REVIEW

Document Reviewed: R PP - 137757 Lev [

Scope of Review (e.g., document section or portion of calculation): Technical edit

Yes No NA*

bl

————

1
I
]

[
8!
(]
(]

e el

——
[y —

[]
(1

—e—
—

- —p—
[y

(]

[
[
[

et

p— p— p—
e et

{1
(]
{1
[1

——
Lraerd deewd

i
[S—y—

(1
(]

——
[Py —

fx]
(x]
[x]
[x]
(x]

{x]

[x} -

(x)

[x].
[x]

[x]
(x]

tx)
[x]

[x]
(x]
(x]
(x]

[x]
{x]

9.

10.

11.

12.

13.
14.

15.

16.

17.

18.

19.
20.

Previous reviews are complete and cover the analysis, up to the scope of this
review, with no gaps.

Problem is completely defined.

Accident scenarios are developed in a clear and logical manner.

Analytical and technical approaches and results are reasonable and
appropriate. (ORP QAPP criterion 2.5)

- Necessary assumptions are reasonable, explicitly stated, and supported "

{ORP QAPP criterion 2.2)

Computer codes and data files are documented.

Data used in calculations are explicitly stated.

Bases for calculations, incleding assumptions and data, are consistent with
the supported safety basis document (e.g., the Tank Farms Final Safety
Analysis Report).

Data were checked for consistency with original source information as
applicable. (ORP QAPP criterion 2.9)

For both qualitative and quantitative data, uncertainties are recognized and
discussed, as appropriate. {ORP QAPP criterion 2.17)

Mathematical derivations were checked including dimensional consistency of
results. (ORP QAPP criterion 2.16)

Models are appropriate and were used within their established range of
validity or adequate justification was provided for use outside their
established range of validity.

Spreadsheet results and all hand calculations were verified.

Calculations are sufficiently detailed such that a technically qualified person
can understand the analysis without requiring outside information. (ORP
QAPP criterion 2.5)

Software input is correct and consistent with the document reviewed.
Software output is consistent with the input and with the results reported in
the document reviewed. :

Software verification and validation are addressed adequately. (ORP QAPP
criterion 2.6) ‘

Limits/criteria/guidelines applied to the analysis results are appropriate and
referenced. Limits/criteria/guidelines were checked against references.
(ORP QAPP criterion 2.9)

Safety margins are consistent with good engineering practices.

Conclusions are consistent with analytical results and applicable limitm
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CHECKLIST FOR TECHNICAL PEER REVIEW

21. Results and conclusions address all points in the purpose. (ORP QAFP
criterion 2.3)

22. All references cited in the text, figures, and tables are contained in the
reference list.

23, Reference citations (e.g., title and number) are consistent between the text
callout and the reference list.

24. Only released (i.e., not draft) references are cited. (ORP QAPP criterion 2.1)

25. Referenced documents are retrievable or otherwise available.

26. The most recent version of each reference is cited, as appropriate.

(ORP QAPP criterion 2.1}

27. There are no duplicate ¢itations in the reference list.

28. Referenced documents are spelled out (title and number) the first time they
are cited,

29. All acronyms are spelled out the first time they are used.

30. The Table of Contents is correct.

31. Al ﬁgm'e, table, and section callouts are correct.

32. Unit conversions are correct and consistent.

33. The number of significant digits is appropriate and consistent.

34. Chemical reactions are correct and balanced.

35. All tables are formatted consistently and are free of blank cells.

36. The document is complete (pages, attachments, and appendices) and in the
proper order.

37. The document is free of typographical errors.

38. The tables are internally consistent.

39. The document was prepared in accordance with HNF-2353, Section 4.3,
Attachment B, “Calculation Note Format and Preparation Instructions”.
40. Impacted documents are appropriately identified in Blocks 7 and 25 of the

Engineering Change Notice {form A-6003-563.1).

41. If more than one Technical Peer Reviewer was designated for this document,
an overall review of the entire document was performed after resolution of all
Technical Peer Review comments and confirmed that the document is self-
consistent and complete.

Concurrence
Leona Aamot (% ’7\}37 fos”
Reviewer (Printed Name and Signature) Date

* 1f No or NA is chosen, provide an explanation on this form.

Technical Edit
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CALCULATIONS FOR ABOVEGROUND TANK FAILURE
DURING CONTACT-HANDLED TRANSURANIC
MIXED WASTE FACILITY OPERATIONS



RPP-13175REV 2

This page intentionally left blank.




RPP-13175 REV 2

APPENDIX G

CALCULATIONS FOR ABOVEGROUND TANK FAILURE
DURING CONTACT-HANDLED TRANSURANIC
MIXED WASTE FACILITY OPERATIONS

G1.0 INTRODUCTION

The purpose of this appendix is to provide a basis for the qualitative assessment of consequences
to be used for risk binning. Consequences are calculated for the radiological and toxicological
exposures resulting from a release of radioactive or hazardous waste materials from the above
ground tanks associated with the Contact-Handled Transuranic Mixed (CH-TRUM) Waste
Facility operations.

G2.0 WASTE RETRIEVAL SYSTEM OPERATIONS HAZARDOUS CONDITIONS

The aboveground tanks associated with the CH-TRUM are subject to failure from one of several
possible causes {e.g., seismic event, high winds, manufacturing defects, structural degradation,
vehicle impacts). The primary structures of concern are the five large Feed Receipt Processing
System (FRPS) receipt tanks and the two waste dryers. During system operations each FRPS
receipt tank and each dryer could contain a maximum of 30,280 L and 10,200 L, respectively, of
waste and dilution water which bounds the other aboveground tanks and vessels present in the
CH-TRUM Facility and exceeds the volume of material at risk in the aboveground tank failure
representative accident. Four failures are analyzed here: (1) catastrophic fatlure of all FRPS
receipt tanks (five for CH-TRUM) with rapid drainage of the contents (e.g., seismic event),

(2) catastrophic failure of a single FRPS receipt tank with rapid drainage of the contents,

(3) catastrophic failure of a dryer with rapid drainage of the contents, and (4) single tank failure
with drainage through a broken overflow line penetration. The consequences consist of splash
and splatter from the spill and entrainment of aerosol by air movement over the pool of reteased
waste.

G3.0 ASSUMPTIONS
The following enabling assumptions are considered for the catastrophic failure of three tanks:

» The FRPS receipt tank height is 501 cm. The tank is assumed to be 68 cm above the
floor of the International Organization for Standardization (ISO) container (estimated
from Drawing 20843 .M002, FRPS Waste Receipt Tank Details and Interface).

Therefore, the height of the top of the tank is assumed to be 569 cm above the floor of the
ISO container. The top and bottom of the dryer are assumed to be at 710 cm and 550 c¢m,
respectively, above grade (estimated from Drawing 056-001-2-007, RNC CD-10,000
General Arrangement & Details Dryer B).

o The FRPS receipt tanks and waste dryers are assumed to be full to maximize the material
at risk (30,280 L per tank and 10,200 L per dryer).

G-1
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Each tank and each dryer are assumed to drain within 60 sec due to large breach at the
worst possible height.

The assumed failure is a spill of the contents of each FRPS receipt tank or dryer. The
consequences consist of two components: (1) splash and splatter from the spill, and (2)
entrainment of aerosol by air movement over the pool of released waste.

The waste in each FRPS receipt tank and dryer ts conservatively assumed to be the
bounding CH-TRUM waste. CH-TRUM waste consists of waste from single-shell tanks
(SST) 241-B-201, 241-B-202, 241-B-203, 241-B-204, 241-T-110, 241-T-111,
241-T-201, 241-T-202, 241-T-203, 241-T-204, and 241-T-104.

The bounding unit-liter doses (ULDs) and sum of fraction (SOF) multipliers documented
in RPP-5924, Radiological Source Terms for Tank Farms Safety Analysis, and RPP-8369,
Chemical Source Terms for Tank Farm Safety Analysis, respectively, for the CH-TRUM
tanks are considered for estimating consequences. See Tables G4-1 and G4-2.

For the radiological and toxicological consequence calculations, each FRPS receipt tank
and each dryer are assumed to contain slurry consisting of 50% water mixed with the
bounding solid CH-TRUM waste as shown in Section G4.0.

The specific gravity of the slurry in the tanks is assumed to be ~1.2 to maximize the
splash and splatter.

For the ss)lash/splatter component, the waste solution viscosity is assumed to be
7.9 x 10™ poise (the selected viscosity corresponds to a value from
DOE-HDBK-3010-94, Table 3-9, for the above specific gravity to conservatively
represent the viscosity of the waste).

For the FRPS receipt tank, spill heights between 68 cm to 569 cm are examined to
determine the point with the maximum airborne release. The tank will leak about 60 L
for every centimeter above the leak point (30,280 L/501 cm). For the dryer, spill heights
between 550 cm and 710 ¢m are examined to determine the point with the maximum
airborne release. Since the dryer is a horizontal cylindrical vessel, spill volumes as a
function of height (between 550 cm to 710 ¢m) are calculated as described below.

For the single tank failure case, the tank 1s assumed to drain through one broken
penetration. The only tank penetration that is not on the top of the tank is assumed to be
the overflow penetration which is assumed to be 493 cm above grade level (based on
Drawing 20843.M002). The tank penetration is assumed to be 2 in. in diameter and is
assumed to have a sharp edged entrance and exit.

To maximize the airborne release rate for the single tank failure draining through one
broken penetration, the tank is assumed to be full of waste to maximize the head and
material at risk (30,280 L of CH-TRUM slurry). The tank is assumed to have a
maximum head of 76 cm (tank height of 569 ¢m — spill height of 493 cm),

G-2
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+ The entrainment of aerosol by air will be based on an airborne release rate of 4 x 10" /hr
from DOE-HDBK-3010-94 for a liquid pool exposed to small external wind speeds.

» The duration of exposure to entrainment and resuspension is assumed to be 8 hr.

+ The onsite and offsite 1-hr atmospheric dispersion coefficients for a ground level release
with no credit taken for plume meander, building wake effects, or deposition are
3.28 x 107 sec/m’ and 2.22 x 107 sec/m’, respectively, from RPP-13482, Atmospheric
Dispersion Coefficients and Radiological and Toxicological Exposure Methodology for
Use in Tank Farms. For the onsite radicological dose due to entrainment over an 8-hr
period, the onsite 8-hr atmospheric dispersion coefficient of 5.58 x 10~ sec/m® from
RPP-13482 are used.

« The breathing rate for light activity is used and is 3.33 x 10™* m*/sec.

G4.0 INPUT DATA FOR UNIT LITER DOSES AND SUM OF FRACTIONS

The input data used is as follows:

Onsite ULD for CH-TRUM tanks are taken from RPP-5924 and are shown in Table G4-1.

Table G4-1. Umt-Liter Doses for Contact-Handled
Transuranic Mixed Waste from RPP-5924, Rev. 4-A.

Waste tank Unit liter dose (Sv/L){onsite)
241-B-201 1.2 E+03
241-B-202 3.1 E+02
241-B-203 3.1 E+02
241-B-204 3.8 E+02
241.T7-201 1.2 E+03
241-T-202 3.1 E+02
241-T-203 2.8 E+02
241-T-204 2.0 E+02
241-T-110 1.1 E+02
241-T-111 2.7 E+02
241-T-104 2.5E+02

Notes:

RPP-5924, 2003, Radiological Source Terms for Tank Farm
Safety Analysis, Rev. 4-A, CH2M HILL Hanford Group, Inc.,
Richland, Washington.
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Sum of fractions (SOF) multipliers for each Temporary Emergency Exposure Limit (TEEL) for
CH-TRUM tanks are taken from RPP-8369 are shown in Table G4-2.

Table G4-2. Sum of Fractions Multipliers from RPP-8369, Rev. 2.

Basis Tank TEEL-1 Basis Tank TEEL-2 Basis Tank TEEL-3

241-B-203 1.71 E+09 241-B-203 5.60 E+08 241-T-202 3.39 EH08
241-B-204 1.62 E+09 241-T-201 5.37 E+08 241-T-203 3.27 E+08
241-T-204 1.62 E+09 241-T-204 5.33 E+08 241-T-204 3.17 E+08
241-T-202 1.60 E+09 241-B-204 5.28 E+08 241-T-201 298 E+08
241-T-201 1.57 E+09 241-T-202 5.22 E+08 241-B-203 2.98 E+08
241-T-203 1.54 E+09 241-T-203 4.78 E+08 241-B-204 2.77 E+08
241.B-202 1.40 E+09 241-B-202 4.70 E+08 241-B-202 2.49 E+08
241-B-201 1.13 E+09 241-B-201 385 E+08 241-B-201 1.90 E+08
241-F-110 7.37 E+08 241-T-110 3.23 E+08 241-T-111 8.20 E+07
241-T-111 7.23 E+08 241-T-111 2.74 E+0)8 241-T-110 4.81 E+07
241-T-104 2.03E+08 241-T-104 9.02E+07 241-T-104 6.74E+06
Notes:

RPP-8369, 2003, Chemical Source Terms for Tank Farm Safety Analyses, Rev. 2,
CH2M HILL Hanford Group, Inc., Richland, Washington.
TEEL =  Temporary Emergency Exposure Limit.

G5.0 CALCULATION OF MIXTURE UNIT LITER DOSES AND
SUM OF FRACTIONS

ULDs and SOF multipliers for each TEEL were calculated for consequence calculations.

G5.1 CONTACT-HANDLED TRANSURANIC MIXED WASTE UNIT LITER DOSE
MULTIPLIERS

From consideration of the above tanks, the bounding onsite CH-TRUM sludge ULD for
SST 241-B-201 are used and is 1.2 x 107 Sv/L. However, since the FRPS receipt tank is diluted

with 50% water the following expression is used to calculate the diluted tank and dryer waste
ULD for the slurry:

[€0.5)(1.2 x 10"*) + (0.5)(0.0)] = 6.0 x 10" Sv/L.

where;

1.2 x 10° Sv/L = onsite sludge ULD for SST 241-B-201 before drying
(RPP-5924)

0.0 x 10° Sv/L = water ULD
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G52 DEMONSTRATION BULK VITRIFICATION SYSTEM SUMS OF FRACTIONS
MULTIPLIERS

From consideration of the above tanks, the bounding SOFs for solids are: TEEL-1 =1.71 x 10+9,
TEEL-2 = 5.60 x 10"® and TEEL-3 = 3.39 x 10"®. However, since the FRPS receipt tank is
diluted with 50% water the following expressions is used to calculate the diluted tank and dryer
waste SOF multipliers for the slurry:

TEEL-1 SOF multiplier =[(1.71 x 10°}(0.5) + (0.00 x 10°)(0.5)] = 8.55 x 10

where:
1.71 x 10° = solid TEEL-1 SOF multiplier for SST 241-B-203 (RPP-8349).
0.00 x 10° = water TEEL SOF multiplier.

TEEL-2 SOF multiplier = [(5.60 x 10%)(0.5) + (0.00 x 10°)(0.5)] = 2.80 x 10

where:
5.60 x 10° = solid TEEL-2 SOF multiplier for SST 241-B-203 (RPP-8369).

TEEL-3 SOF multiplier = [(3.39 x 10%)(0.5) + (0.00 x 10°)(0.5)] = 1.70 x 10°

where:
3.39 x 10° = solid TEEL-3 SOF multipher for SST 241-T-202 (RPP-8369).

C6.0 ACCIDENT CONSEQUENCE COMPARISON
G6.1 Catastrophic Failure of Five Feed Receipt Processing System Receipt Tanks

This scenario assumes that a simultaneous failure of all five FRPS receipt tanks occurs resuiting
in rapid draining of the entire contents of all five FRPS receipt tanks within a 60 sec period. The
consequences consist of two components: (1} splash and splatter from the spill and

(2) entrainment of acrosol by air movement over the pool of released waste.

Splash and Splatter

The airborne release fraction (ARF) for splash/splatter can be calculated with the following
equation from DOE-HDBK-3010-94, Airborne Release Fractions/Rates and Respirable
Fractions for Nonreactor Nuclear Facilities, Section 3.2.3.1:

ARF = 8.9 x 10"%x Arch®®

ARF=8.9x 1077 [(1.2x 107 g/em®)? x (height)® x (981 cm/s2)/(7.9 x 1072 poise)*]**
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where:
Arch = Archimedes Number
= (densityair)2 x (spill hcight)3 x (g) / (solution viscosity)®
12 x 107 glem’ = density of air (CRC Handbook of Chemistry and Physics [Weast
1981))
height = spill height in cm.
981 cm/s’ = g (acceleration due to gravity)
7.9 x 107 poise = solution viscosity (the selected viscosity corresponds to a value

from DOE-HDBK-3010-94, Table 3-9, to conservatively
represent the viscosity of the waste).

As the spill height increases the ARF will increase; however, as the spill height increases the
amount of material at risk will decrease. The potential spill heights for the tank could be
anywhere across the height of the tank from an event such as an earthquake. In order to
conservatively calculate the consequences for the release, the point with the maximum airborne
release was found. Since the FRPS receipt tank is 501 cm high, each tank will leak about 60 L
(30,280 L/501 cm) for every cm above the leak point. A series of spill heights between 68 ¢m to
569 cm were evaluated to determine the maximum airborne release using the equation above.

Table G6-1. Evaluation of Maximum Airborne Release as a Function of Spill Height
for a Feed Receipt Processing System Receipt Tank.

Spill height S_plashlsplatter Material at risk per tank Airborne release
(cm) airporne release (spill volume in L) (L)
fraction '

369 1.3818 E-05 0 0.0000 E+00
(top of receipt tank)

520 1.1910 E-G5 2962 3.5273 E-Q2

493 1,0907 E-05 4593 5.0102 E-02
(overflow penetration

height)

400 7.7253 E-06 10214 7.8909 E-02

360 6.4926 E-0D6 12632 8.2014 E-02

358 6.4332 E-06 12753 8.2041 E-02

355 6.3445 E-06 12934 8.2060 E-02

353 6.2856 E-00 13055 8.2059 E-02

350 6.1977 E-06 13236 8.2035 E-02

340 5.9082 E-06 13841 8.1774 E-02

300 4.8058 E-06 16258 7.8135 E-02

250 3.5573 E-06 19280 6.8586 E-02

200 2.4616 E-06 22302 5.4899 E-02

147 1.4811 E-06 25506 3.7777 E-02

68 4.1510 E-07 30280 1.2570 E-02

{bottom of the tank)

G-6
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The onsite radiological consequences for the splash/splatter can now be calculated using the
maximum airborne release found above:

Onsite Radiological Dosegyastspiatier =
(8.21 x 10" L/tank)(5 tanks)(0.8)(6.0 x 10> Sv/L)(3.28 x 107 s/m”)(3.33 x 10” m’/s)

=22x10"Sv
=22x 10" rem
where:
821 x 107 L/tank = maximum airborne splash/splatter release found above in
Table G6-1
0.8 = respirable fraction for a viscosity of 7.9 x 107 poise
{DOE-HDBK-3010-94)
6.0 x 10* Sv/L = ULD for the diluted receipt tank waste (calculated above,
Section G5.1)
328 x 107 s/m’ = onsite 1-hr atmospheric dispersion coefficient (}/Q) from
(RPP-13482, Atmospheric Dispersion Coefficients and
Radiological and Toxicological Exposure Methodology for Use
in Tank Farms)
3.33 x 10™ m/s = breathing rate for light activity (RPP-5924).

The toxicological consequences are based on a release over time. Since the release is assumed to
take place within 60 sec:

Release Rate = (12,934 L/tank) (5 tanks) / (60 s) = 1.08 x 10° Lis
The onsite toxicological consequences can now be calculated:

Onsite Moderate Toxicological SOF gpiashispiatier =

(1.08 x 107 L/s)(6.34 x 10°)(3.28 x 107 s/m™)(2.8 x 10%)/(1,000 L/m’) =6.3 x 10"

where:

6.34x 10° = ARF for splash/splatter found above in Table G6-1

2.8x 10° = Temporary Emergency Exposure Limit (TEEL)-2 unitless SOF for the
diluted receipt tank waste (calculated above, Section G5.2)
1,000 L/m®> = conversion factor.

Onsite High Toxicological SOFyashispiatter =

(1.08 x 10° L/s)(6.34 x 10°)(3.28 x 107 s/m*)(1.7 x 10%/(1,000 L/m*) = 3.8 x 10"

where:

1.7 x 10* = TEEL-3 unitless SOF for the diluted receipt tank waste (calculated above,
Section G5.2).
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The offsite toxicological consequences can be calculated similarly:

Offsite Moderate Toxicological SOFspiashisplater =

(1.08 x 10° L/s)(6.34 x 10°)(2.22 x 10°° s/m’)(8.55 x 10%/(1,000 L/m’) = 1.3 x 10

where:
222 x 107 s/m’ = offsite 1-hr atmospheric dispersion coefficient (RPP-13482)
8.55 x 10° = TEEL-1 unitless SOF for the diluted receipt tank waste

(calculated above, Section (G5.2).

Entrainment of Aerosol

The entrainment of aerosol by air is based on an airborne release rate for a liquid pool exposed to
small external wind speeds. An 8-hr exposure to entrainment and an 8-hr atmospheric dispersion
coefficient are assumed for radiological consequences.

The onsite radiological consequences for the entrainment can be calculated from:

Onsite Radiological Doseentrainment =

(12,934 Litank)(5 tanks)(4 x 107/hr)(8 hr)(6.0 x 10% SV/L)(5.58 x 10~ s/m’)(3.33 x 10" m’/s)
=23x 10" Sv
=23x 107 rem

where:
12,934 L = spill volume found above in Table G6-1
4x 107/hr = airborne release rate for entrainment (DOE-HDBK-3010-94,
Section 3.2.4.5)
6.0 x 10% Sv/L = ULD for diluted receipt tank waste (calculated above,
Section G5.1)
5.58x 107 s/m’ = onsite 8-hr atmospheric dispersion coefficient (RPP-13482).

Toxicological consequences can also be calculated:

Onsite Moderate Toxicological SOF ¢quainment =

(12,934 L/tank)(5 tanks}(4 x 107/hr)(3.28 x 10™ s/m>)(2.8 x 10%)/(3,600 s/hr)(1,000 L/m?)

=6.6x 107
where:
2.8x% 10° = TEEL-2 unitless SOF for the diluted receipt tank waste (calculated
above, Section G5.2)
3,600 s/hr = conversion factor.
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Onsite High Toxicological SOF entrainment =

(12,934 Litank)(5 tanks)(4 x 107/hr)(3.28 leo'2 s/m*)(1.7 x 10%)/(3,600 s/hr)(1,000 L/m®)
=4.0x 10

where:

1.7x 108 = TEEL-3 unitless SOF for the diluted receipt tank waste (calculated
above, Section (G5.2).

Offsite Moderate Toxicological SOFengainment =

(12,934 Litank)(5 tanks}(4 x 107/hr)(2.22 x 10'5“4 s/m*)(8.55 x 10%)/(3,600 s/hr)(1,000 L/m”)
=14x10

where:

8.55x 10° =TEEL-1 unitless SOF for the diluted receipt tank waste (calculated
above, Section G5.2).

Total Consequences

The total consequences for the simultaneous failure of 5 FRPS receipt tanks at the worst possible
location during CH-TRUM operations are the sum of the contributions from splash/splatter and

entrainment:

Onsite radiological consequences =22x10"rem + 2.3x 102 rem =2.4 x 10™ rem
Onsite moderate toxicological consequences =6.3x 10”7 + 6.6 x 107 =6.3x 10"
Onsite high toxicological consequences =38x 10" + 40x 107 =3.8x%x 10"
Offsite moderate toxicological consequences =1.3x 10" + 1.4x 10 =13x 10"

As 1s evident from the above results, the toxicological consequences from splash/splatter are
about three orders of magnitude greater than those from entrainment.

G6.2  Catastrophic Failure of One FRPS Receipt Tank

* This scenario assumes that a failure of single FRPS receipt tank occurs resulting in rapid
draining of the contents of the tank. This scenario is identical to the multiple tank scenario,
except the radiological and toxicological consequences are a factor of five lower since a single
tank is involved. Therefore, if only one FRPS receipt tank fails in a catastrophic manner in the
worst possible location with rapid draining of the contents, the radiological and toxicological
consequences can be determined from the above results by dividing by five.

Accordingly, the total consequences from the contributions from splash/splatter and entrainment
are:

Onsite radiological consequences - =22%x10"rem/5 =4.8x 107 rem
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- Onsite moderate toxicological consequences = 6.3 x 1075 =1.3x 10"
Onsite high toxicological consequences =38x10"/5 =7.6x 10"
Offsite moderate toxicological consequences =1.3 x 10'/5 =2.6x% 107

G6.3 Catastrophic Failure of One Waste Dryer

This scenario assumes that a failure of single dryer occurs resulting in rapid draining of the
contents of the dryer vessel. This scenario is similar to the single FRPS receipt tank failure
scenario. Each dryer is mounted on a superstructure directly over its dedicated waste packaging
unit. The bottom of the dryer is at approximately 550 cm above grade level, and the top of the
dryer is at approximately 710 cm above grade level.

The dryer vessel was assumed to be filled to capacity (10,200 L). The consequences were
determined based on the worst case spill height with respect to ARF and volume of material
released for the dryer. The assumed failure is a spill of the entire contents of one dryer vessel
within a 60 sec period. The consequences consist of two components: (1) splash and splatter

- from the spill and (2) entrainment of acrosol by air movement over the pool of released waste.

Splash and Splatter

The ARF for splash/splatter can be calculated with the following equation from
DOE-HDBK-3010-94, Section 3.2.3.1:

ARF =8.9x 10" x Arch®

ARF =8.9x 10" [(1.2 x 107 g/em®)? x (height)® x (981 cm/s*)/(7.9 x 107 poise)’]™**

where:
Arch = Archimedes Number
= (densityi;)” x (spill height)3 x (g) / (solution viscosity)2
1.2 x 107 g/em’ = density of air (CRC Handbook of Chemistry and Physics
[Weast 1981])
height = sptll height in cm.
981 cm/s? = g (acceleration due to gravity)
7.9 x 107 poise = solution viscosity (the selected viscosity corresponds to a value

from DOE-HDBK-3010-94, Table 3-9, to conservatively
represent the viscosity of the waste).

As the spill height increases the ARF will increase; however, as the spill height increases the
amount of material at risk will decrease. The potential spill heights for the tank could be
anywhere across the height of the dryer from an event such as an earthquake. In order to
conservatively calculate the consequences for the release, the point with the maximum airborne
release was found. A series of spill heights between 550 cm (bottom of dryer) to 710 cm (top of
dryer) were evaluated to determine the maximum airborne release using the equation above.
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The waste dryer is a horizontal cylinder lying on its side. The volume above a breach is
determined as a function of the height of the breach above the dryer bottom; that is, the cross-
sectional area of the waste dryer that 1s above the breach 1s multiplied by the length, 5.1 m, of the
waste dryer.

When the breach is above the middle of the tank, the formula for the cross-sectional area above it
is the formula for a circular segment:

A =1r’2cos"(r_x]—(r—xNer——x2

¥

For: X<r

When the breach is below the midpoint of the tank, the formula for the waste above the breach
is:

A= -{rz Cos,l(r—x )——(rwx'Ner'—x’z}

¥
And
x'=2r—x

For: X>r
where:

r = the radius of the dryer cross section, 0.8 m

X = the vertical distance from the dryer top to the plane of the breach, m

X' = the vertical distance from the dryer bottom to the plane of the breach, m

Table G6-2 shows the results of calculating the ARF, spiil volume, and airborne release for a
series of assumed breach heights.
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Table G6-2. Evaluation of Maximum Airborne Release as a
Function of Spill Height for the Waste Dryer.

Spill height asiféiil:::]:'l:l:::e Materi_a Fat risk per dryer Airborne release (L)

(cm) fraction {spill volume in L)

710 1.991 E-05 0 (.000E+00

(top of the dryer)
700 1.945 E-05 265 5.163 E-03
690 1.899 E-05 : 736 1.398 E-02
680 1.854 E-05 1324 2.455 E-02
670 1.809 E-05 1994 3.608 E-02
660 1.763 E-05 2723 4.807 E-02
650 1.721 E-05 3494 6.013 E-02
640 1.678 E-05 4290 7.198 E-02
630 1.635 E-05 5100 8.337 E-02
620 1.592 E-05 5910 9.409 E-02
610 1.550 E-05 6706 1.039 E-01
600 1.508 E-05 7477 1.128 E-01
590 1.467 E-05 8206 1.204 E-01
580 1.426 E-05 8876 1.266 E-01
570 1.386 E-05 0464 1.312 E-01
560 1.346 E-05 9935 1.337 E-01
550 1.307 E-05 10200 1.333 E-01
(bottom of the dryer)

The onsite radiological consequences for the splash/splatter can now be calculated using the
maximum airborne release found above:

Onsite Radiological Dosegasn/spiatter =
(1.34 x 107 L)(0.8)(6.0 x 10* Sv/L)(3.28 x 107 s/m*)(3.33 x 10™ m’/s)

=7.0x10* Sv
=7.0x 107 rem
where:
134x10'L = maximum airborne splash/splatter release found above in
Table Go6-2
0.8 = respirable fraction for a viscosity of 7.9 x 10” poise
(DOE-HDBK-3010-94)
6.0 x 10 Sv/L = ULD for the diluted dryer waste (calculated above, Section G5.1)
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328 x 107 s/m’ = onsite 1-hr atmospheric dispersion coefficient (x/Q) from
(RPP-13482, Atmospheric Dispersion Coefficients and
Radiological/Toxicological Exposure Methodology for Use in
Tank Farms)

3.33x 10° m'fs = breathing rate for light activity (RPP-5924).

The toxicological consequences are based on a release over time. Since the release is assumed to
take place within 60 sec:

Release Rate = (9,935 L) / (60 s) = 1.66 x 10° L/s
The onsite toxicological consequences can now be calculated:

Onsite Moderate Toxicological SOF syiashisplatier =

(1.66 x 107 L/s)(1.35 x 10°)(3.28 x 107 s/m*)(2.8 x 10%)/(1,000 L/m*) = 2.1 x 10*!

where:

135x10° = ARF for splash/splatter found above in Table G6-2

28x10° = Temporary Emergency Exposure Limit (TEEL)-2 unitless SOF for the
diluted dryer waste (calculated above, Section G5.2)
1,000 L/m* = conversion factor.

Onsite High Toxicological SOF spiashisplatier =

(1.66 x 107 L/s)(1.35 x 10°)(3.28 x 102 s/m’)(1.7 x 10%/(1,000 L/'m*) = 1.3 x 10™

where:

1.7 x 10* = TEEL-3 unitless SOF for the diluted dryer waste (calculated above,
Section G5.2).

The offsite toxicological consequences can be calculated similarly:

Offsite Moderate Toxicological SOF spiastvsplatter =

(1.66 x 107 L/s)(1.35 x 10°)(2.22 x 107 s/m*)(8.55 x 10*)/(1,000 L/'m®) = 4.3 x 1072

where:
2.22x10° s/m’ = offsite 1-hr atmospheric dispersion coefficient (RPP-13482)
8.55x 10° = TEEL-1 unitless SOF for the diluted dryer waste (calculated

above, Section G5.2).
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Entrainment of Aerosol

The entrainment of aerosol by air is based on an airbomne release rate for a liquid pool exposed to
small external wind speeds. An cight hour exposure to entrainment and an 8-hr atmospheric
dispersion coefficient are assumed for radiological consequences.

The onsite radiological consequences for the entrainment can be calculated from:

Onsite Radiological Doseenyainment =

(9,935 L)(4 x 107 /hr)(8 hr)(6.0 x 107 SV/L)(5.58 x 107 s/m’)(3.33 x 107 m*/s)
=3.5x107 Sv
=3.5x 107 rem

where:
9,935L = spill volume found above in Table G6-2
4x 107/hr = airborne release rate for entrainment (DOE-HDBK-3010-94,
Section 3.2.4.5)
6.0 x 10° Sv/L = ULD for diluted dryer waste (calculated above, Section G5.1)
558x 107 s/m’ = onsite 8-hr atmospheric dispersion coefficient (RPP-13482).

Toxicological consequences can also be calculated:

Onsite Moderate Toxicological SOFentrainment =

(9,935 L)(4 x 107/hr)(3.28 x 107 s/m®)(2.8 x 10%)/(3,600 s/hr)(1,000 L/m?)

=1.0x 107
where:
2.8x 10° = TEEL-2 unitless SOF for the diluted dryer waste (calculated above,
Section G5.2)
3,600 s/hr = conversion factor.

Onsite High Toxicological SOF enyainment =

(9,935 L)(4 x 107 /hr)(3.28 x 107 s/m®)(1.7 x 10%)/(3,600 s/hr)(1,000 L/m®)
=62x 10

where:

1.7x 10° = TEEL-3 unitless SOF for the diluted dryer waste (calculated above,
Section G5.2).

Offsite Moderate Toxicological SOF enirainment =

(9,935 LY(4 x 107/hr)(2.22 x 107 s/m>)(8.55 x 198)/(3,600 s/hr)(1,000 L/m?)
=21x10
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where:

8.55x 10°  =TEEL-1 unitless SOF for the diluted dryer waste (calculated above,
Section GG5.2).

Total Consequences

The total consequences for the catastrophic failure of one waste dryer at the worst possible
location during CH-TRUM operations are the sum of the contributions from splash/splatter and
entrainment:

Onsite radiological consequences =70x10%rem + 3.5x 10° rem =7.4x 10 rem
Onsite moderate toxicological consequences =2.1x 10" + 1.0x 107 =2.1x10"
Onsite high toxicological consequences =13x10" + 6.2x 107 =13x 10"
Offsite moderate toxicological consequences =4.3 x 102 + 2.1 x 107 =43 x 107

As is evident from the above results, the toxicological consequences from splash/splatter are
about three orders of magnitude greater than those from entrainment. In addition, although the
FRPS receipt tank contains more MAR than the dryer (30,280 L versus 10,200 L), the
splash/splatter ARF and the quantity of airborne release are greater than the corresponding
values for the FRPS tank because of the higher elevation of the dryer. Therefore, the
consequences for the single dryer scenario are greater than those obtained for the single FRPS
receipt tank scenario.

G6.4 Single Tank Failure through a Broken Overflow Penetration

The assumed failure is a spill of the entire contents of a single large FRPS receipt tank through a
broken 2-in. overflow penetration, which is assumed to be at a height of 493 ¢cm above grade
level (based on Drawing 20843.M002). The consequences consist of two components: (1) splash
and splatter from the spill and (2) entrainment of aerosol by air movement over the pool of
released waste. The overflow line was selected to maximize the splash/splatter component.

Splash and Splatter

The ARF for splash/splatter can be calculated with the following equation from
DOE-HDBK-3010-94:

ARF =89x 107% x Arch®>
ARF=8.9x 10" [(1.2 x 107 g/em®)’ x (493 cm)’ x (981 cm/s2/(7.9 x 107 poise)*]*
ARF=1.09x 10?

where:
Arch = Archimedes Number
= (df;nsitya,-r)2 x (spill height)3 x (g) / (solution viscosity)*
1.2x 107 g/em® = density of air (Weast 1981)
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493 cm = spill height.
981 cm/s’ = g (acceleration due to gravity)
7.9 x 107 poise = solution viscosity (the selected viscosity corresponds to a value

from DOE-HDBK-3010-94, Table 3-9, to conservatively
represent the viscosity of the waste).

The onsite radiological consequences for the splash/splatter can now be calculated using the
ARF found above:

Onsite Radiological Dosegpiastysplatter =
(4,593 L)(1.09 x 10™°)(0.8)(6.0 x 102 SW/L)(3.28 x 107 s/m*)(3.33 x 10 m’/s)

=2.6x10%Sv
=2.6x 107 rem
where:
4,593 L = spill volume at a spill height of 493 cm found above in
Table G6-2 .
1.09x 107 = ARF for splash/splatter at a spill height of 493 cm found above
in Table G6-2
0.8 = respirable fraction for a viscosity of 7.9 x 102 poise
(DOE-HDBK-3010-94)
6.0 x 10> Sv/L = ULD for diluted receipt tank waste (calculated above,
Section G5.1)
3.28 x 1072 s/m’ = onsite 1-hr atmospheric dispersion coefficient (x/Q) from
(RPP-13482)
333 x 10* ms = breathing rate (RPP-5924).

The toxicological consequences are based on a release over time. The flow rate out of the
penetration is a function of head which decreases as the spill height increases. The flow rate can
be found using hy =K (v2/2g) (Crane 1988, Flow of Fluids Through Valves, Fittings, and Pipe).
The estimated flow rate is based on a sharp edged 2-in. pipe entrance and exit and conservatively
assumes the fluid being released has the viscosity of pure water instead of the viscosity of SST
waste solids.

A head of 76 cm (tank height of 569 cm — spill height of 493 ¢m) is used:
76 cm = 1.5 (v¥/[(2)(981 cm/s?)])

\Y% =315 cm/s
where:
76 cm = head
1.5 = a constant (K) for a sharp edged pipe entrance and exit (Crane 1988)
981 cm/s” = g (the acceleration due to gravity).
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The velocity can be converted into a flow rate:

Velocity X cross-sectional area = (315 cr/s){(m)(2.54 cm)Z] =6.38x 10° em’/s
=6.38 L/s.
where:
2.54 cm = radius of the 2-in. penetration.

The onsite toxicological consequences can now be calculated:

Onsite Moderate Toxicological SOF splash/splatter =
(6.38 L/s)(1.09 x 107)(3.28 x 107 s/m*)(2.8 x 10%)/(1,000 L/'m’®) = 6.4 x 10°*

where:
2.8x 10° = TEEL-2 unitless SOF for the diluted receipt tank waste
(calculated above, Section G5.2)
1,000 L/m®> = conversion factor.

The offsite toxicological consequences can be calculated similarly:

Offsite Moderate Toxicological SOF spiash/sptatter =
(6.38 L/s)(1.09 x 10°)(2.22 x 107 s/m’)(8.55 x 10%)/(1,000 Lim*) = 1.3 x 10”

where:
2.22x 107° y/m’ = offsite 1-hr atmospheric dispersion coefficient (RPP-13482)
8.55 x 10° = TEEL-1 unitless SOF for the diluted receipt tank waste

(calculated above, Section G5.2)
Entrainment of Aerosol

The entrainment of aerosol by air is based on an airborne release rate for a liquid pool exposed to
small external wind speeds. An 8-hr exposure to entrainment and an 8-hr atmospheric dispersion
coefficient are assumed for radiological consequences.

The onsite radiological consequences for the entrainment can be calculated from:

Onsite Radiological Doseentrainment =
(4,593 L)(4 x 107/hr)(8 hr)(6.0 x 107 Sv/L)(5.58 x 10~ s/m*)(3.33 x 10™* m%/s)
=1.6x10°Sv
=1.6x 107 rem

where:
4,593 L = spill volume at a spill height of 493 cm found above in Table G6-2
4% 107 /hr = airborne release rate for entrainment (DOE-HDBK-3010-94,

Section 3.2.4.5)
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6.0x 10°Sv/L  =ULD for diluted receipt tank waste (calculated above, Section G5.1)
5.58x 107 s/m’ = onsite 8-hr atmospheric dispersion coefficient (RPP-13482).

Toxicological consequences can also be calculated:

(4,593 L)(4 x 107/hr)(3.28 x 107 s/m’)(2.8 x 10*)/(3,600 s/hr)(1,000 L/m®)

=4.7x 10"
where:
28x10° = TEEL-2 unitless SOF for the diluted receipt tank waste (calculated
above, Section G5.2)
3,600 s/hr = conversion factor.

Offsite Moderate Toxicological SOFengainment =
(4,593 L)(4 x 107/hr)(2.22 x 10 s/m*)(8.55 x 10%)/(3,600 s/hr)(1,000 L/m®)

=9.7x 10°
where:

8.55x 10° = TEEL-1 unitless SOF for the diluted receipt tank waste (calculated
above, Section (G5.2)

Total Consegquences

The total consequences for failure of a single FRPS receipt tank through a broken overflow line
penetration during CH-TRUM operations are the sum of the contributions from splash/splatter

' Onsite Moderate Toxicological SOFenuainment =
and entrainment:

Onsite radiological consequences =26x10%rem + 1.6x10%rem =2.8x 107 rem
Onsite moderate toxicological consequences= 6.4 x 107 + 4.7 x 107 =6.4x 10"
Offsite moderate toxicological consequences =1.3 x 10~ +9.7x 10°® =13x10°
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G7.0 RESULTS

The radiological and toxicological consequence results for each of the aboveground tank failure
scenarios described above are summarized in Tables G7-1 and G7-2 below. Additionally, the
total consequences are compared to evaluation guidelines.

Table G7-1. Summary of Onsite Radiological Consequences Without Controls
for the Aboveground Tank Failures During Contact-Handled
Transuranic Mixed Waste Facility Operations.

Onmnsite radiological consequences

Case , Calculated dose Moderate consequence guideline
(rem) (rem)

Catastrophic failure of five FRPS
receipt tanks due to seismic event 24x 10" 2.5x 10"
with rapid draining of the contents

Catastrophic failure of one FRPS
receipt tank due to seismic event 4.8 x 107 2.5x 107
with rapid draining of the contents

Catastrophic failure of one dryer
due to seismic event with rapid 7.4 x 107 2.5x%x10"
draining of the contents

Failure of a single FRPS receipt
tank with drainage through a broken 2.8x 107 25x%10"
overflow penetration

Notes:
FRPS = Feed Receipt Processing System.
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for the Aboveground Tank Failures During CH-TRUM Operations.

Case

Texicological consequences

Onsite

Offsite

Moderate censequence

High Consequence

Moderate consequence

SOF

Guideline

SOF

Guideline

SOF

Guideline

Catastrophic failure of five
FRPS receipt tanks due to
seismic event with rapid
draining of the contents

6.3 x 10"

3.8x 10"

1.3x 10"

Catastrophic failure of one
FRPS receipt tank due to
seismic event with rapid
draining of the contents

1.3 x 104

7.6 x 10°

2.6x% 107

Catastrophic failure of one
dryer due to seismic event with
rapid draining of the contents

2.1x 10"

1.3x 10"

43x 107

Failure of a single FRPS receipt
tank with drainage through a
broken overflow penetration

6.4 x 107

1.3x 107

Notes:
FRPS

SOF = sum of fractions.

= Feed Receipt Processing System.

The results show that the radiological consequences to the onsite worker and toxicological
consequences to the offsite public are “low” (< 25 rem and < TEEL-1, respectively) for either the
single or multiple tank failure cases, and for the failure of one dryer. For the failure of a single
FRPS receipt tank through a broken overflow penetration, the offsite toxicological and onsite
radtological and toxicological consequences are low. The toxicological consequences to the
onsite worker are “high” (> TEEL-3) for the aboveground tank failure accident involving
simultaneous failure of all five FRPS receipt tanks, failure of one FRPS receipt tank, or failure of

one dryer.
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APPENDIX H

HUMAN FACTORS EVALUATION AND PEER REVIEW CHECKLIST FOR THE
CONTACT-HANDLED TRANSURANIC MIXED WASTE FACILITY

Human Factors Evaluation Checklist.

Hazard Analysis Title; Contact-Handled Transuranic/Mixed Waste Facility Accidents

RPP-23479, Preliminary Documented Safety Analysis for the Contact-
Hundled Transuranic Mixed (CH-TRUM) Waste Facility, Section 3.3.2.4.8,
“Aboveground Tank Failure”

Documented Safety
Analysis Section Number:

Ytem fssug Yes, No,
No. Unknown
Does the activity/event being_;;lanned/ analyzed require human interaction to
| successfully complete the activity or mitigate consequences of the event? Yes
If the answer is No, go to ltem No. 23, Otherwise continue with ltema No, 2,
2 | Are procedures/instructions available o the individuals responsible for the action? j
3 Are procedures/instructions complete, accurate, and validated? *
4 | Are the individuals responsible for the action also responsible for collateral duties? *
5 | Are staffing levels adequate to perform the activity? *
p Are the individuals responsible for the action adequately trained, qualified, and "
experienced to perform the actions?
7 Have the required actions been walked down in the field to verify execution within the .
time constraints identified in the hazatd analysis?
g | Have physical obstacles that could prevent successful completion of the activity been .
removed or agcounted for?
9 | Have work area environmental concerns been identified and accounted for? *
10 { Has PPE been dedicated and is available, if required? i
11 3 Have the apprapriate tools been dedicated and are available, if required? *
12 | Does workstaton configuration facilitate completion of the actions? *
13 | Are instruments, valves, switches, or other devices accessible? *
14 | Are instruments, valves, switches, or other devices properly tagged or labeled? *
15 | Is communication equipment operable, dedicated, and available, if necessary? h
16 | Is adequate fixed lighting in place? - *
17 | Is portable lighting dedicated, functional, and available, if necessary? *
18 | Are confined space restrictions adequately addressed? *
19 | Is temperature, humidity, radiological, and toxicological conditions acceptable for .
human occupancy?
20 Is hazard material or radiological monitoring equipment dedicated, functional, and .
available, if needed?
21 | Are access controls identified and keys available? *
22 | Can activities be co 1eted wuhm the trme prescribed in the hazard ana]xsts" i

If any answer for Items 2 th:ough 22 is No or Unknown corrective acllons may be reqmred to ensure
successful completion of the activity as described in the hazard analysis. Complete and document corrective
ocumented Safet; Anal 513 Empiementanon Checkhst and go to ltem No 23

B i M o e T T T
Evaluator - el
Print Signature Date
23
Peer Reviewer: Kevin R. Sandgren %/PZ z""\’ 9/9_&?/05
Print Signature ] ate

*No or Unknown. As of this date, the design and/or construction of the tacility is not complete, procedures have not
been written, and statfing has not been established. The questions presented in the checklist will be addressed as
part of the DS A implementation process.
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Eftective Date: 2/1272004

CHECKLIST FOR TECHNICAL PEER REVIEW

Document Reviewed: RPP-13175, Technical Basis Document for the Aboveground Tank
Failure Representative Accident and Associated Represented Hazardous Conditions, Rev. 2

Scope of Review (e.g., document section or portion of calculation): Changes made for revision 2

of this document.
Yes No NA*

X101 t] 1
X111 2
XEer 1 3
x1f] 11 4
X1 {1 s
X1 (1 e
X[ 7
X117y 11 &
X1y 11 o
Xi( {1 1o
xX1{1 {1 1.
Xy 1 12
X311 [} 13
Xy11 i} 4
xX1f)] 1 15
X111 [1 1s.
Xy 1y 1
Xjpr1 [y 18
X101 1 e
IX1{1 [1 20
X1 il [1 2.

. Previous reviews are complete and cover the analysis, up to the scope of this

review, with no gaps.

Problem is completely defined.

Accident scenarios are developed in a clear and logical manner.
Analytical and technical approaches and results are reasonabie and
appropriate. (ORP QAPP criterion 2.8)

. Necessary assumptions are reasonable, explicitly stated, and supported.

(ORP QAPP criterion 2.2)

Computer codes and data files are documented.

Data used in calculations are explicitly stated.

Bases for calculations, including assumptions and data, are consistent with
the supported safety basis document (e.g., the Tank Farms Final Safety
Analysis Report).

Daia were checked for consistency with original source information as
applicable. (ORP QAPP criterion 2.9)

For both qualitative and quantitative data, uncertainties are recognized and
discussed, as appropriate. (ORP QAPP criterion 2.17}

Mathematical derivations were checked including dimensional consistency of
resuits. (ORP QAPP criterion 2.16)

. Models are appropriate and were used within their established range of

validity or adequate justification was provided for use outside their
established range of validity.

Spreadsheet results and all hand calculations were verified.

Calculations are sufficiently detailed such that a technically qualified person
can understand the analysis without requiring outside information. (ORP
QAPP criterion 2.5)

Software input is correct and consistent with the document reviewed.
Software output is consistent with the input and with the results reported in
the document reviewed.

. Software verification and validation are addressed adequately. (QRP QAPP

criterion 2.6)

- Limits/criteria/guidelines applied to the analysis results are appropriate and

referenced. Limits/criteria/guidelines were checked against references.
(ORP QAPP criterion 2.9)

Safety margins are consistent with good engineering practices.
Conclusions are consistent with analytical results and applicable limits.
Results and conclusions address all points in the purpose. {ORP QAPP
criterion 2.3)
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(xX10] 1)
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X101
(X311 ]
(X] 11 {1
X111 (]
X311 1]
(X3 0] [
(X] 1 [}
(X10) [}
(X1 (1 [}
X3 1 [}
xXj{} 11
Xyl [}
Xyl [l
(xi (1 [l
Xy {1 11
xX1(1 1!
X1 1

22.

23.

24
25

27.
28,

29

37.
38.
. The document was prepared in accordance with HNF-2353, Section 4.3,

39

40,

41.
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Effective Date: 2/12/2004

Alf references cited in the text, figures, and tables are contained in the
reference list.

Reference citations (e.g., title and number) are consistent between the text
callout and the reference list.

. Only released (i.e., not draft) references are cited. (ORP (QAPP criterion 2.1)
. Referenced documents are retrievable or otherwise available.
26,

The most recent version of each reference is cited, as appropriate.

(ORP QAPP criterion 2.1)

There are no duplicate citations in the reference list.

Referenced documents are spelled out (title and number) the first time they
are cited.

. All acronyrms are spelled out the first time they are used.
30,
31.
32,
33.
34,
35,
36.

The Tabie of Contents is comect.

Al figure, table, and section callouts are cormrect.

Unit conversions are correct and consistent.

The number of significant digits is appropriate and consistent.

Chemical reactions are corréct and balanced.

All tables are formatted consistently and are free of blank cells.

The document is complete {pages, attachments, and appendices) and in the
proper order.

The document is free of typographical errors.

The tables are internally consistent.

Attachment B, “Calculation Note Format and Preparation Instructions™.
Impacted documents are appropriately identified in Blocks 7 and 25 of the
Engineering Change Notice (form A-6003-563.1).

If more than one Technical Peer Reviewer was designated for this document,
an overall review of the entire document was performed after resolution of all
Technical Peer Review comments and confirmed that the document is self-
consistent and complete.

Concurrence

K& in&mn}@ W 3/1/05

Reviewer (PrintcEfName and Signature}) Date

® IfNo or NA is chosen, provide an explanation on this form.
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