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1.0 INTRODUCTION 

1.1 PURPOSE 

This technical basis document was developed to support RPP-13033, Tank Farms Documented 
Safev 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 US.  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 (e.g., seismic event, high 
winds, structural degradation) and fall 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 is 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 is 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 retain 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 vaporlgasiaerosol 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 vaporigasiaerosol release events. It is important to note that DOE-STD-3009-94 
does not provide any other numerical evaluation guidelines (Le., 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 aerosol 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 
OW’) .  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 is 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 I 
events require safety-significant SSCs or TSRs, and Risk Bin I1 events must consider safety- 
significant SSCs and TSRs. Risk Bin 111 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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10-'to 104/yr 
Unlikely 

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

>IO-' to slO-'/yr 
Anticipated 

Consequence level 
(toxicological only') Extremely extremely 

IV < ERPG-1 / TEEL-1 
(Low) 

>ERPG-l/ TEEL-I 

(Moderate) 
<ERPG-2 / TEEL-2 ~ I11 

IV I11 

e q n e n c y 

I11 

<I P / y r  
Beyond extremely 

unlikely 

I I I 

10.'to 1O4/yr >IO-' to slo-'/yr 
Unlikely Anticipated 

1 0 . ~  to IO"/yr 
Extremely 
unlikely 

I1 I I 

Notes: 
a Radiological consequences for the offsite receptor are evaluated in accordance with DOE-STD-3009-94,2002, 

Preparation Guide for  U.S. Department ofEnergy Nonreactor Nuclear Facility Documented Safety Analyses, 
Change Notice No. 2, Appendix A, US.  Department of Energy, Washington D.C. 

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

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

Consequence level 
(radiological/ 
toxicological) 

>lo0 rem 
>ERPG-3 / TEEL-3 

(Moderate) 

<25 rem 
<ERPG-2 / TEEL-2 
(Low) 

I 

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

SSC = structures, systems, and components. TSR = technical safety requirement. 
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E3 

E2 

E l  

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

Offsite discharge or discharge to groundwater 

Significant discharge onsite 

Localized discharee 

EO No significant environmental consequence 
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Release of radioactive and 
hazardous material from 242-T 
Evaporator due to facility 
degradation. 

A 

2.0 RISK BINNING RESULTS 

L L L El 

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 
US.  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 

I Consequences - 
Postulated accident/ 
hazardous condition 

Risk bir 

. Z 0  
’G, 2 
0 s  0. ;  
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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 is 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. FWP-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 10” per year, placing this event in the “unlikely” frequency class 

to IO-?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 10.’ 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 splashkplatter 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. 

2-3 
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2.2 CALCULATION msucrs 

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 1 0-2 rem, onsite toxicological consequences 
(sum of fractions [SOF]) of 9.7 x 10.’ (emergency response planning guide [ERF’G]-2) and 
offsite toxicological consequences (SOFs) of 2.7 x 

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 (Le., the onsite radiological 
consequence <25 rem and the onsite and offsite toxicological consequences (SOFs) of 
4 EWG-UTemporary Emergency Exposure Limit (TEEL)-2 and <1 ERPG-UTEEL-1, 
respectively). Therefore, a consequence bin of “low” was assigned to the onsite radiological and 
the onsite and offsite toxicological exposures. 

(ERF’G-1). 

2.2.2 Assignment of Environmental Consequences 

The hot side of the evaporator building (Le., where the evaporator vessel is located) has a dike at 
its only door. The height of the dike is sized to retain the operating volume of the evaporator 
(Le., 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 
entrainment. It was concluded that there is limited potential for material release to either the 
atmosphere or ground. Therefore, an environmental consequence of El  was assigned to the 
aboveground tank failure accident. 

L from splashisplatter and 1.2 x 10.’ L from the 

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 i weground 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 borosilicate 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: 

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

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. 

FeediReceipt - Receive, sample and store for analytical verification, and feed salt waste 
solution. 
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Waste Dryer Module ~ Mix salt waste solution with soil and small amounts of zirconia 
and boria, dry and transfer the mixture to the melt station. 

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

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

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

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

As part of the feedreceipt 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 is 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 2413-109 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. 
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Table 2-3. Summary of Results for Demonstration Bulk Vitrification System 
Associated Conditions 

Postulated accident/ 
hazardous condition 

Catastrophic failure of 
three tanks due to a 
seismic event with rapid 
draining of the contents 

Failure of a single tank 
with drainage through a 
broken penetration 
Notes: 

Frequency 

U 

U 

Conseq 
I 

I 
4 

L 

-~~ 

E l  I11 

isk bii 
~ 

I11 

I11 

The frequency determination of "anticipated" in Section 2.1.2 above for the 242-T Evaporator vessel 

DBVS = Demonstration Bulk Vitrification System. 
L =low. 
M =moderate. 
U 

(old and not maintained) does not apply to the new tanks in DBVS. 

= unlikely. (Note: the frequency range of 1 x lo-* to 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 recunence 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 
splashlsplatter 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, Preliminaly 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-I1 I .  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 is 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 np to 
7,200 gal of undiluted waste per day (14,400 gal per day total throughput when a nominal 1:l 
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 tanksivessels 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, ofwaste 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 
4ssociated Conditions. 

Consec 
I 

Risk bin __ - a 
U 

.- 0 
u .& * 
s a  
0 .; 

0 * 

Lnces 
~ - 

0 
0 u '& 

'j: 0 
e a  
- 
0 .; 

0 * 

Postulated accident/ 
hazardous condition 

five FFU'S receipt tanks 
due to seismic event with 
rapid draining of the 

Catastrophic failure of 
one FRF'S receipt tank 
due to seismic event with 
rapid draining of the 
contents 

Frequency 

I 
U H I11 I11 I 

1 J  H 

__ 

H 

I11 I11 I 

I Catastrophic failure of 
one waste dryer due to 
seismic event with rapid 

receipt tank with drainage 
through a broken 

Notes: 

U I11 I11 I 

~ 

I11 U L I11 I11 

FRF'S = 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 FWS 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 splashlsplatter 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 1 x 109yr. 

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 tankdvessels 
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-13175 REV 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 111 for all receptors; therefore, safety SSCs and/or TSR-level 
controls are not required for the aboveground tank failure accident and associated hazardous 
conditions. However, defense-in-depth features were identified for the evaporator dump 

~ 

accident and associated represented hazardous conditions as described in WP-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 conditions. Facility worker hazardous conditions, including 
those associated with the evaporator dump representative accident, were evaluated for controls as 
docuniented in RPP-14286, Facility Worker Technical Basis Document. 

3.1 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 I1 and 111, respectively for the onsite receptor due to toxicological releases. Therefore, 
safety-significant SSCs andor 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 (;.e., those 
that result in Risk Bin I or 11) during DBVS operations are described as follows: 

Waste staging tanks 
Waste dryer. 

Aboveground transfer system vehicle barriers 

The safety function of the aboveground transfer system vehicle bamers 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 andor 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: 

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.e., 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” to 10-4/yr). This results in Risk Bin 111 with controls for 
the bounding aboveground tank failure accident scenario. 
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Consequences 

Postulated accident1 
hazardous condition 

Risk bin 

Catastrophic failure of three 
tanks due to a seismic event 
with rapid draining of the 
contents 

EU 
Failure of a single tank with 
drainage through a broken 
penetration 
Notes: 

L L L El  IV IV IV 

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 are 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 andor mitigate aboveground tank 
failures (Le., those results in Risk Bin I or 11) during CH-TRUM operations are described as 
follows: 

FRPS receipt tanks 
Wastedryers 
Aboveground transfer system vehicle barriers 
Dewatering system (DWS) International Organization for Standardization (ISO) freight 
container. 
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The safety function of the FRPS receipt tanks is to contain waste, thus decreasing the frequency 
of an aboveground 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 IS0 freight 
container is to maintain important attributes that decrease the consequences of an aboveground 
tank failure accident. The important design attribute of the DWS IS0 freight container is to limit 
waste leak splashkplatter releases. The DWS IS0 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 IS0 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 andor 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 IS0 freight container doors 
- FRPS receipt tank enclosure access doors 
Emergency Preparedness 

- Hoisting and rigging. 
SMP 

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 IS0 freight container doors ensures that the doors are closed and 
reduces airborne releases from splashkplatter 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 tbat the doors are closed and reduces airborne 
releases from splashlsplatter 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 (Le., 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 FRF’S receipt tank enclosures is to limit waste leak splashisplatter 
releases. Both the DWS IS0 freight container and the FRPS receipt tank enclosures limit the 
releases by reducing the direct release of aerosol to the atmosphere. Note that the FRF’S 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” per yr) and mitigate the consequences to 
“moderate.” This results in Risk Bin I11 with controls for the bounding aboveground tank failure 
accident scenarios. 

to 
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Table 3-2. Summary of Risk Bin Results With Controls for 
Contact-Handled Transuranic Mixed Waste. 

Risk bin 
7 

Conseqi - - 
OI 
0 

.- 0 
3 'e 
s z  
0 .; 

0 * 

Postulated accident1 
hazardous 
condition 

Frequenc: 

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

EU L L E2 

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

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

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

EU L L E2 I11 

L L E2 I I11 EU 

EU L L 

___ 

E l  

~ 

IV I IV 

IV 

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 failure 
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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Name Knowledge Area(s) Organization Telephone 

Knowledge Areas: 

1. Licensing 
2. Safety Analysis 
3. Hazard Analysis. 
4. Engineering 
5. werations 
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 
t 9. Industrial Hygiene 
20. Maintenance Engineering 
2 1. Reliability Engineering 
22. Process Engineering 
23. Equipment Engineering 
24. Other 
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Name 

Steve Kozlowski 

CONTROL DECISION MEETING ATTENDANCE 

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

Meeting Date: 1/27/05 

Organization Telephone 

CH2M/NS&L 373-1360 

Lawrence J. Kripps 

Wes Bryan 

Andy Marchese 1 CH2M/NS&L 1373-3759 

CH2M/NS&L 376-1 061 

CH2M 373-9740 

Matt Landon 1 CH2M/Engineering 1373-1379 

Rick Tedeschi 

Mark Sautman 

CH2M Hill 

DNFSB 

Shawn Hailey I DMJM 1375-7868 

Curt Reichmuth 

Rick Heath 

Mike Grigsby 

Melissa Holm 1 CH2MIEng 1373.1098 

CH2MiOps 376-4796 

CH2MiSystems Eng 376-31 52 

CH2M/NS&L 372-1 907 

373-601 8 

373-0101 
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APPENDIX B 

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

B1.O BACKGROUND 

B1.l SCENARIO 

This accident corresponds to a hazardous condition identified in HNF-4508, Hazard Evaluation 
for 242-TEvapouator 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 those of the tank failure accident to obtain the total 
consequences. 

There is a release of aerosols 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 is assumed to be open to the environment after the building 
collapse, aerosol generated during the tank failure and spill can be ejected directly into the air 
above the facility. In addition, the air displaced during the roof collapse is 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 5 112 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 ft2 and each half of the building is approximately 800 ft2. 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 
eight HEPA filters at risk. The system contains no prefilters separate from the HEPA filters. In 
addition, it is 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, it is 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: 

The immediate release from the blown filters and exhaust system (Section B3.1) 

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

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 is 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 is 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 is 12 ft in diameter and 12 ft 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 is 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-TEvaporutor, calculates that the waste 
inventory present in the 242-T Evaporator vessel is more than 200 gal. The conclusion is 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 remh 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 splashisplatter dynamics 
and is then entrained by the wind, the 16 gal of crud will be neglected because the likelihood of 
the crud contributing to andor affecting the source term would be less than 10%. Therefore, the 
solidsiliquid mix is 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 is 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. For a 2 ft x 
2 A x 1 ft filter with a survey point on the duct 4 in. from the side of the filter, the dose rates are 
702 m r e d 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 mremih 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 (2001435) or 0.3 11 L (200/643) of slurry. 

O.781iq,id(702 mremihr-L) + 0.22,,1id,(435 mrem/hr-L) 
= 548 mredhr  + 96 mremihr = 643 mrem/hr 

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

0.31 1 L x [O.781iq,id(702 mremh-L) + O.22,,1ids(435 mremihr-L)] 
= 170 mrem/hr + 30 mrem/hr 
= 200 mremihr 

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 (eight 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 m r e d h  while the upstream HEPA filter stopped 
loading at 200 mremih. 

B1.3 OTHER ASSUMPTIONS 

The following are the assumptions for the parameters of the calculation. 

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 
material affected per unit time. For aboveground tank failure, different ATWs are 
selected for the different parts of the accident (Le., HEPA filter failure, splashhplatter, 
wind entrainment). 
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For splasWsplatter 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 
ARFs for alternative waste compositions for spills from 9 ft. Values are provided for two 
types of solutions: slumes 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 = 8.9 x 10." x 

where: 

= Archimedes Number. 

= (density,$ x (spill height)3 x g/(solution viscosity)' 
Arch 

Densityaj, = 1.2 x gkc  
Spill height = 100 cm 

g = 981 cm/s2 
Solution viscosity = 2.6 x 10.' poise. 

g/cm3)' x (100 ~ m ) ~  x 981 cm/s2/(2.6 x 10-2poise)2 = 2.1 x lo6 Arch = (1.2 x 

ARF = 8.9 x lO-'Ox (2.1 x 106)0.55 = 8.9 x 10." x 3000 = 2.7 x 

The selected viscosity (2.6 x lo-* 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 OF) was taken from FluidMechanics with Engineering 
Applications (Franzini, J. B., and E. J. Finnemore, 1997) (see Attachment Bl). 
Decreasing the air temperature to 0 "C (32 O F )  increase the density to 0.0013 g/cm3 and 
increase the Archimedes Number by 17%. However, in the ARJ equation Archimedes 
Number is taken to the 0.55 power, which means the ARF increases by -8%. 

The RF is the fraction of airhome material that can be transported through the air and 
inhaled into the human respiratory system. It is commonly assumed to include particles 
10-pm aerodynamic equivalent diameter (AED) and less. The term "10-pm AED' means 
the particle has the same settling speed in air as a 10-pm unit density sphere. The actual 
diameter could differ from 10 pm due to differences in density andor 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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Receptor 

Onsite 

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 m3/s (light physical activity; 
i.e., 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 is 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 lo3 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-I, are the values for SST salt cake (SST 
241-TX-118 is 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% solidslliquid. 

~~ ~~~~ 

Solid Liquid Composite 

3.3 io4 4.5 x lo2 (0.73 + 0.04) x lo4 
Saltcake Saltcake or Liquid 7.7 10’ 

Table B-I. Single-Shell Tank 22/78 SolidsILiquid Mix Unit-Liter Doses (Sv/L). 
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Solids (TEEL-2, onsite) 

Liquids (TEEL-2, onsite) 

Solids (TEEL-I, offsite) 

Toxicological consequences are calculated per the methodology established in RPP-8369, 
Chemical Source Termsfor 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. 

RPP-8369 Table Anticipated and Unlikely 

Table 6-8 6.3 x lo8 

Table 6-20 5.7 x lo8 

Table 6-5 2.2 io9 

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

Liquids (TEEL-1, offsite) 

Solids fraction in waste 

Liquids fraction in waste 

Composite (TEEL -2, onsite) 

Composite (TEEL -1, offsite) 

Table 6-17 3.7 10’ 

.. 22% 

.. 78% 

__ 5.8 x lo8 

.. 3.4 io9 

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 splashisplatter. 

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 xlQ’s from 
RF’P-13482. (Note that the column entitled “Meteorological Condition” is considered 
Column 1 in the RPP-13482 tables.) 

Table B-3 also provides the xlQ’values from RPP-13482 that are assumed in the 
calculations for the aboveground tank failure. 
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Free-fall or impact 

Enclosed 

open 

Because the cell ( is , ,  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 aerodynamic entrainment and suspension of the waste 
from the floor. DOE-HDBK-3010-94, Section 3.2.4.5 provides a bounding value for 
large pools in high winds (e.g., 30 miih). For a smaller pool or winds with a lower 
velocity, the entrainment rate is lower. The rate of 4 x 10-6ihr 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 miihr), and an effective active layer (depth 
of liquid actually involved in drop generation) under these conditions of 1 mm to 1 cm, 
the airborne suspension rate would range from 4E-6/hr to 4E-8ihr.” The fetch is the pool 
diameter; for the 242-T Evaporator this would be the length of the building (- 40 fi). 
Lower air entrainment values are presented for liquids indoors exposed to forced 
ventilation (4 x lO-’/hr in Section 3.2.4.5), or for liquid in remnants and debris 
(4 x 10-8/hrin Section 3.2.4.5). A conservative value o f 4  x 10-6/hr (1.1 x 1O”isec) 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 .O x lo6  to 1 .O x lo-*. 
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 
RPP-13437 (see Table B-4). 

as used in 

5 10” 1 .o 

1 x lo-* 1 .o 
5 1 .o 

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

I Scenario I A R F I R F I  
Shock 1 2 x 10-6 1 1.0 

I Blast I 1 x I 1.0 I 
I , I I 
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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. 

where: 
Q 

MAR 
DR 

ARF 
RF 

LPF 
Q (  

ARR 
T(REL) 

Q =MAR x DR x ARFx R F x  LPF 

Q ' =  MAR x DR x ARR x R F x  LPF 

= quantity released as respirable particles (L) 
= material-at-risk (L) 
= damage ratio (= 1.0 for this analysis = unitless) 
= airborne release fraction (unitless) 
= respirable fraction (unitless) 
= leak path factor (= 1.0 for this analysis = unitless) 
= respirable release rate (Lis) 
= airborne release rate fraction (= ARF/T(=L) = Us) 
= release duration (sec). 

Q = MAR x 1.0 x ARFx R F x  1.0 

Q'= MAR x 1.0 x ARF/60 x R F x  1.0 

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 (Le., 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 = Q x x / Q ' x B R x U L D  (B3) 
where: 

D 
Q 

xIQ ' 
BR 

ULD 

= inhalation dose at a downwind location (Sv) 
= amount released as respirable particles, the source term from Equation B l a  (L) 
= air transport factor (s/m3) 
= breathing rate (m3/s) 
= unit-liter dose (Sv/L). 
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The source term, Q, 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 UP-8369. In this method, the source release rate is multiplied 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 

X / Q C  = air transport factor for a plume (s/m3) 
Q’ = release rate from Equation B2a (Us) 

USOF = unitless sum of fractions, computed as the sum of the unitless ratios of 
the analyte concentration divided by its TEEL. 

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, Q :  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 m3/103 L) to convert the release rate from the L/s to release rate values of m3/s. 

B3.0 CONSEQUENCES 

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

Each filter is assumed to contain 3.1 1 x IO-’ L of SST waste equivalent (Section B1.2): 
9 “filters” x material per filter x ARF (9 x 3.1 1 x 10.’ L x 2.0 x 10“) = 5.60 x 
duration of the release caused by overpressure is expected to be less than 1 min, so the minimum 
I-min averaging time for corrosivehitant 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. 

L. The 
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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: 

Radiological Dose = (Q)(x/Q’)(BR)(ULD) 

Onsite dose = (5.60 x L)(3.28 x s/m3)(3.33 x 10- m /s)(7.7 x IO3 Sv/L) 4 3  

= 4.7 x sv (4.7 x 10.’ rem). 

Toxicological Dose 

Onsite - - (9.33 x IO-’L/s)(3.28 x s/m3)(5.8 x 108)(1 m3/103 L) = 1.8 x 
Offsite = 7.0 x 

= (Q’)(X/Q’)(SOF)(l m3/103 L) 

(9.33 x 10.’ L/s)(2.22 x 10.’ s/m3)(3.4 x 109)(1 m3/103 L) - - 

where: 
Q = 5.60 x IO“ (L) 

x/Q’(radiological) = 3.28 x IO-* (s/m3) 
BR = 3.33 x (m3/s) 

ULD = 7.7 x io3 (SVIL) 

Q’ = 9.33 x 10.’ (Us) 
SOF = 5.8 x 10’ (onsite) and 3.4 x lo9 (offsite) 

x/Q‘(toxicological) = 3.28 x 10.’ (s/m3) onsite and = 2.22 x IO-’ (s/m3) 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 splashlsplatter, solve 
Equation la, assuming 300 gal of waste in the evaporator (Le., 50% more than calculated in 
RF‘P-7277): 

Q = 300 gal x 3.79 L/gal x 2.7 x I O 6  x 0.7 = 2.1 x L. 

This is the amount assumed for the release from splashlsplatter 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 10-5L/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: Inhalation + (e)(x/QJ(BR)(ULD,,h) 

= (2.1 x 
= 1.8 x IO4 Sv (0.018 rem). 

Onsite SOF: SOF = Q’x (x/QJ x USOF 

(5.1 x 10-5L/s)(3.28 x 10.’ s/m3)(5.8 x 10’) (1 m3/103 L) = 0.97 

L)(3.28 x lo-* s/m3)(3.33 x m3/s)(7.7 x lo3 Sv/L) 

+ 
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Offsite SOF: SOF = Q’x (,y/QJ x USOF 

+ 
where: 

(5.1 x 10.~ ~isl(2.22 x 10 .~  s/m3)(3.4 x io9) (1 m3/103 L) = 3.8 x m3 

Q = 2.1 lo3  (L) 
x/Q’(radiological) = 3.28 x (s/m3) 

BR = 3.33 x 10 .~  (m3/s) 
ULD = 7.7 io3 (WL) 

Q’= 5.1 10 .~  (LIS) 
SOF = 5.8 x lo8 onsite) and 3.4 x lo9 (offsite) 

x/e’(toxicological) = 3.28 x 10- (s/m3) onsite and = 2.22 x 10.’ (s/m3) offsite. I 
B3.3 CONTINUOUS RELEASE FROM MATERIAL 

SPILLED ON FLOOR 

After the initial energetic release of aerosol, the release rate from the pool of material inside the 
facility will fall to a constant level. Applying the release rate 4 x 106/hr to the equivalent 
evaporator vessel inventory (300 gal) gives the corresponding 2-hr radiological release to the 
onsite receptor. 

Q = 300 gal x 3.79 L/gal x 4 x 10-6/hr x 2 hr x 0.7 = 6.4 x 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-spill component of the 
tank failure caused by a building or roof collapse accident without controls were calculated as 
follows: 

Onsite dose (2-hr): Inhalation T, (QJ(x/QJ(BR)(ULD:,k) 

= (6.4 x L)(9.40 x 10” s/m3)(3.33 x 10- 4 3  m /s)(7.7 x lo3 SvIL) 

= 1.5 x 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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Hazard 

additive (along with the constant release rate fiom 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 

1.8 x 

= 3.3 x 

Onsite SOF: Sections B3.2 + B3.1 

9.7 x 10.‘ + 1.8 x 

Offsite SOF: Sections B3.2 + B3.1 

+ 3.8 x + 7.0 x = 3.8 x 

+ Sv + 1.5 x 10“ Sv + 4.7 x 10.’ Sv 

Sv (0.033 rem = 33 mrem). 

+ = 9.7 x 10.’ 

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 
(anticipated) Receptor Doselexposure 

Radiological 

Toxicological 

Onsite 4.7 10.’ sv 0.2s sv  

Onsite 1.8 10.~ 1 

Offsite 7.0 x 1 

Table B-6. Consequences of 242-T Evaporator Vessel Failure Without Controls. 

Hazard 

Radiological 

I I I 

Evaluation guideline 
(anticipated) Receptor Doselexposure 

Onsite 3.3 x lo4& 0.25 Sv 

Toxicological 
Onsite 9.1 x 10-1 1 

Offsite 
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APPENDIX C 

CALCULATIONS FOR ABOVEGROUND TANK FAILURE 
DURING DEMONSTRATlON 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 collisions). 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.& 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: 

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). 

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

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

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

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

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: 

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

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% liquid 
and 5% solids from SST 2413-109. 

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

The duration of exposure to entrainment and resuspension is 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 2413-109 are taken from RPP-5924, Radiological 
Source Terms for Tank Farms Safety Analysis: 

Waste Type ULD [SvIL) Basis Tank 
SST Liquid 7.8 x 10' 241-S-109 
SST Sludge 3.1 io3 241-S-109 
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2. Sum of fractions (SOF) multipliers for each Temporary Emergency Exposure Limit (TEEL) 
for SST 241-S-109 are taken from RPP-8369, Chemical Source Terms for  Tank Farms Sufety 
Analyses: 

Waste Type TEEL-1 TEEL-2 TEEL-3 Basis Tank 
SST Liquid 7.97 x lo8 1.18 x lo8 7.03 x lo6 2413-109 
SST Solids 2.19 x lo9 3.22 x 10' 2.30 x lo7 241-S-109 

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

C5.1 
MULTIPLIERS 

DEMONSTRATION BULK VITRIFICATION SYSTEM UNIT LITER DOSE 

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: 

t(7.8 x 10' SvIL) (0.95) + (3.1 x lo3 Sv/L) (0.05)] = 2.3 x lo2 SviL 

where: 

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

3.1 x lo3 S v L  = onsite sludge ULD before drying (WP-5924). 

C5.2 
MULTIPLIERS 

As stated in Section C3.0, each tank is assumed to contain 95% liquid and 5% solids from SST 
2414-109 for the toxicological consequences. Calculating the SOF multipliers: 

TEEL-I SOF multiplier = [(7.97 x lO8)(O.95) + (2.19 x 109)(0.05)] = 8.7 x IO8 

DEMONSTRATION BULK VITRIFICATION SYSTEM SUMS OF FRACTIONS 

where: 
7.97 x lo8 
2.19 io9 = solid TEEL-1 SOF multiplier before drying (RPP-8369). 

= liquid TEEL-I SOF multiplier before drying (RPP-8369). 

TEEL-2 SOF multiplier = [(1.18 x IO8)(0.95) + (3.22 x IO8) (0.05)] = 1.3 x lo8 

where: 
1.18 x 10' 
3.22 x IO8 

= liquid TEEL-2 SOF multiplier before drying (RPP-8369). 
=solid TEEL-2 SOF multiplier before drying (RPP-8369). 
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TEEL-3 SOF multiplier = [(7.03 x 106)(0.95) + (2.30 x lo7) (0.05)] = 7.8 x lo6 

where: 
7.03 x lo6 
2.30 x lo7 

= liquid TEEL-3 SOF multiplier before drying (RPP-8369). 
= solid TEEL-3 SOF multiplier before drying (RPP-8369). 

C6.0 ACCIDENT CONSEQUENCE COMPARISON 

C6.1 

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 splashisplatter 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 : 

Catastrophic Failure of Three Tanks 

ARF = 8.9 x lO-"x Arch055 

ARF = 8.9 x 10." [(1.2 x g/cm3)* x (heightP x (981 cm/s2)/(7.9 x poise) 2 ] 055 

where: 

Arch = Archimedes Number 

1.2 x 1 0 . ~  g/cm3 

height 
981 cm/s2 
7.9 x poise 

= (density,,J2 x (spill height)3 x (8) / (solution viscosity)2 
= density of air (CRC Handbook of Chemistry and Physzcs [Weast 

= spill height in cm. 
= g (acceleration due to gravity) 
= solution viscosity (the selected viscosity corresponds to a value 

19811) 

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 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 1 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 

( 4  
280 

260 

Splashlsplatter Material at risk per tank 
Airborne release (liters) 

ARF (spill volume in liters) 
4.29 x 10.‘ 900 3.86 10” 

3 . 8 0 ~  10.‘ 6.900 2.62 x 
240 3.33 x 10.‘ 12,900 4.29 x 10.’ 

220 2.88 x 10.‘ 18,900 5.44 x 10.’ 

200 2.46 x 10.‘ 24.900 6.13 x 10.’ 

The onsite radiological Consequences for the splashlsplatter can now be calculated using the 
ARF found above: 

Onsite Radiological Dose,p,ash/splatter - - 

(32,100 L/tank)(3 tanks)(l.99 x 10-6)(0.8)(2.3 x lo2 SviLJ(3.28 x s/m3)(3.33 x m3/s) 
= 4.0 x lo4 Sv 
= 4.0 x 10.’ rem 

where: 

32,100 L 
1.99 x 
0.8 

2.3 x 10’SviL 

3.28 x s/m3 

= material at risk (volume of each large waste staging tank) 
= ARF for splashlsplatter 
= respirable fraction for a viscosity of 7.9 x 10” poise 

(DOE-HDBK-3010-94) 
= ULD for 95% liquid/5% solids for SST 241-S-109 (calculated 

above, Section (3.1) 
= onsite 1-hr atmospheric dispersion coefficient (x/Q) from 

(RPP-13482, Atmospheric Dispersion Coeficients and 
Radiological and Toxicological Exposure Methodology for Use 
in Tank Farms) 

3.33 x m3/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: 

Release Rate = (32,100 L/tank) (3 tanks) / (60 s) = 1.61 x lo3 L/s 

180 

c-5 

2.07 x 10.‘ 30,900 6.39 x 10.’ 

178 2.03 x 31,500 6.40 x 10.’ 

177 

176 

175 

170 

2.01 x 10.‘ 31,800 6.40 x 10.’ 
1 . 9 9 ~ 1 0 . ~  32,100 6.40 x 10.’ 
1.98 x 32,400 6.40 x 
1.88 x 10.’ 33,900 6.38 x 

160 1.70 x 10.’ 36,900 6.29 x 10~’ 

40 
(bottom of the tank) 

~~~~ 

1.73 x lo’  68,000 1.18 x lo-* 
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The onsite toxicological consequences can now be calculated: 

Onsite Moderate Toxicological SOFsptarh/s latter - - t (1.61 x lo3 L/s)(1.99 x 10- )(3.28 x s/m3)(l.3 x 108)/(1,000 L/m3) = 1.4 x 10” 

where: 

1.3 x 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 ~ / m ~  = conversion factor. 

Onsite High Toxicological SOFsplashisptatter = 

(1.61 x lo3 L/s)(1.99 x 10-6)(3.28 x s/m3)(7.8 x 106)/(1,000 L/m3) = 8.2 x 10.’ 

where: 

7.8 x lo6 = 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 SOFspiashisplatter = 
(1.61 x lo3 L/s)(1.99 x 10-6)(2.22 x s/m3)(8.7 x 108)/(1,000 L/m3) = 6.3 x 10.’ 

where: 

2.22 x 10 .~  s/m3 
8.7 x 10’ 

= offsite 1-hr atmospheric dispersion coefficient (RPP-13482) 
= 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 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 onsite radiological consequences for the entrainment can be calculated from: 

Onsite Radiological Doseentrainment = 
(32,100 L/tank)(3 tanks)(4 x 10-7ihr)(8 hr)(2.3 x 10’ Sv/L)(5.58 x 10” s/m3)(3.33 x m3/s) 

= 1.3 10.~ sv 
= 1.3 x 1 o - ~  rem 

where: 

4 1 0 - ~ i h ~  = airborne release rate for entrainment (DOE-HDBK-3010-94, 
Section 3.2.4.5) 
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2.3 x 10’SviL 

5.58 x s/m3 = onsite 8-hr atmospheric dispersion coefficient (RPP-13482). 

=ULD for 95% liquid/5% solids for SST 241-S-109 (calculated 
above, Section C5.1) 

Toxicological consequences can also be calculated: 

Onsite Moderate Toxicological SOFenhalnmenI = 

(32,100 L/tank)(3 tanks)(4 x 10-7ihr)(3.28 x 
= 4.6 x 

s/m3)(1.3 x 108)/(3,600 s/hr)(l,OOO L/m3) 

where: 

1.3 x 10’ 

3,600 sihr = conversion factor. 

= TEEL-2 unitless SOF for 95% liquid/5% solids for SST 241-S-109 
(calculated above, Section 5.2) 

Onsite High Toxicological SOF,,wa,,,,,l = 

(32,100 L/tank)(3 tanks)(4 x 10-7/hr)(3.28 x s/m3)(7.8 x 106)/(3,600 s/hr)(l,OOO Urn3) 
= 2.8 10” 

where: 

7.8 x lo6 = TEEL-3 unitless SOF for 95% liquid/5% solids for SST 2414-109 
(calculated above, Section 5.2). 

Offsite Moderate Toxicological SOF,,,,,,,, 
(32,100 L/tank)(3 tanks)(4 x 10-7ihr)(2.22 x s/m3)(8.7 x 108)/(3,600 s/hr)(l,OOO L/m3) 

=2.1 10 .~  

where: 

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

Total Consequences 

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

Onsite radiological consequences =4.0 x rem + 1.3 x rem = 5.3 x lO.’rem 

Onsite moderate toxicological consequences = 1.4 x 10” + 4.6 x 10.’ = 1.4 x 10” 

Onsite high toxicological consequences = 8.2 x 10.’ + 2.8 x 10” = 8.2 x 10.’ 

Offsite moderate toxicological consequences = 6.3 x = 6.3 x 10.’ + 2.1 x 
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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 Sulatter 

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

2 055 
ARF = 8.9 x 10.’’ x Arch0j5 
ARF = 8.9 x 10.’’ [(1.2 x g /~m’)~  x (55 x (981 cds2)/(7.9 x lO-’poise) ] 
ARF = 2.9 x 10.~ 

where: 

Arch = Archimedes Number 

1.2 x 10” g/cm3 
55 cm = spill height. 
981 cm/s2 
7.9 x 10.’ poise 

= (density,,J2 x (spill height)3 x (8) / (solution viscosity)2 
=density of air (Weast 1981) 

= g (acceleration due to gravity) 
= 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 splashisplatter can now be calculated using the 
ARF found above: 

Onsite Radiological Dosesplaswsplaner = 
4 3  (68,000 L)(2.9 x 10-7)(0.8)(2.3 x lo2 Sv/L)(3.28 x s/m3)(3.33 x 10- m /s) 

= 4.0 x 10-j Sv 
= 4.0 x lo” rem 

where: 

68,000 L 

2.9 10.’ = ARF for splashisplatter 
0.8 =respirable fraction for a viscosity of 7.9 x poise 

2.3 x lo2 Sv/L 

3.28 x s/m3 

3.33 x lo4 m3/s 

= material at risk (volume of one large waste staging tank) 
= (18,000 gal) (3.785 L/gal) 

(DOE-HDBK-3010-94) 
= ULD for 95% liquid/5% solids for SST 2413-109 (calculated 

= onsite 1-hr atmospheric dispersion coefficient (x/Q) from 

=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 

above, Section C5.1) 

(RPP-13482) 
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be found using hr = K (v2/2g) (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 (v2/[(2)(981 cm/s2)]) 
v = 547 cm/s 

where: 

229 cm =head 
1.5 
981 cm/s2 

= a constant (K) for a sharp edged pipe entrance and exit (Crane, 1988) 
= g (the acceleration due to gravity). 

The velocity can be converted into a flow rate: 

Velocity x cross-sectionat area = (547 cm/s)[(?r)(2.54 cml2] = I .I I x io4 cm3/s 
= 1.11 x 10’ us .  

where: 

2.54 cm = radius of the 2-in. penetration. 

The onsite toxicological consequences can now be calculated: 

Onsite Moderate Toxicological SOFsplashisplatter = 

(1.11 x 10’L/s)(2.9x 10-7)(3.28x 10-2s/m3)(l.3 x 108)/(1,000L/m3)= 1 . 4 ~  

where: 

1.3 x 10’ = Temporary Emergency Exposure Limit (TEEL)-2 unitless SOF for 
95% tiquid/5% solids for SST 2413-109 (calculated above, 
Section C5.2) 

1,000 ~ / m ’  = conversion factor. 

The offsite toxicological consequences can be calculated similarly: 

Offsite Moderate Toxicological SOFsplash/sptatter - - 

(1.11 x 10’ L/s)(2.9 x 10-7)(2.22 x lo” s/m3)(8.7 x 108)/(1,000 L/m3) = 6.2 x IO-’ 

where: 

2.22 x 10.’ s/m3 
8.7 x 10’ 

= offsite 1-hr atmospheric dispersion coefficient (UP-13482) 
= TEEL-I unitless SOF for 95% liquid/5% solids for SST 

241-S-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 onsite radiological consequences for the entrainment can be calculated from: 

Onsite Radiological Doseentrainment = 
4 3  (68,000 L)(4 x 10- ’h) (8 hr)(2.3 x lo2 Sv/L)(5.58 x IO” s/m3)(3.33 x 10- m i s )  

= 9.3 10 .~  sv 
= 9.3 x 10.~ rem 

where: 

4 10-’/hr = airborne release rate for entrainment (DOE-HDBK-3010-94, 

2.3 x lo2 Sv/L 

5.58 x s/m3 = onsite 8-hr atmospheric dispersion coefficient (RPP-13482). 

Section 3.2.4.5) 
= ULD for 95% liquidi5% solids for SST 241-S-109 (calculated 

above, Section (25.1) 

Toxicological consequences can also be calculated: 

Onsite Moderate Toxicological SOF,,,,,,,, = 

(68,000 L)(4 x IO-’/hr)(3.28 x IO-* s/m3)(1.3 x 10’)/(3,600 sihr)(l,OOO L/m3)= 3.2 x 

where: 

1.3 x 10’ = Temporary Emergency Exposure Limit (TEEL)-2 unitless SOF for 
95% liquid/5% solids for SST 241-S-109 (calculated above, 
Section C5.2) 

3,600 s/hr = conversion factor. 

Offsite Moderate Toxicological SOFentlalnment = 
(68,000 L)(4 x lO”/hr)(2.22 x s/m3)(8.7 x 10’)/(3,600 s/hr)(l,OOO L/m3)= 1.5 x 

where: 

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

Total Conseauences 

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

Onsite radiological consequences = 4.0 x 10-3rem + 9.3 x 10” rem = 1.3 x lo-* rem 
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Case 

Onsite moderate toxicological consequences = 1.4 x lo'* + 3.2 x 

Offsite moderate toxicological consequences= 6.2 x + 1.5 x 

Onsite radiological consequences 

(rem) (rem) 
Calculated dose Moderate consequence guideline 

C7.0 RESULTS 

Catastrophic failure of three tanks 
due to a seismic event with rapid 
draining of the contents 

Failure of a single tank with 
drainage through a broken 
nenetration 

= 4.6 x 10.' 

= 2.1 10 .~  

5.3 x 10.' 2.5 x 10" 

1.3 x 2.5 x 10" 

Onsite Offsite 
Moderate 

consequence 

SOF Guideline 

Case 
High Consequence Moderate consequence 

SOF Guideline SOF Guideline 
Catastrophic failure 
of three tanks due to 
a seismic event with 
rapid draining of the 
contents 

1.4 x IO" 

Failure of a single 
tank with drainage 
through a broken 
penetration 

1 8.2 x 10 '  1 6.3 x 1 

4,6xlO.'I 1 1 -- 1 1 I 2 . 1 ~ 1 0 . ~  1 I 
I 1 I I I 

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” 
consequence evaluation 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 is therefore classified as 
“moderate”. 
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APPENDIX D 

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

OPERATION 

D1.O 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. 

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 is the 2413-109 staging 
tank, which will be used during the Phase I demonstration of the hulk 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 is a catastrophic failure of the 241-S-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 
2413-109 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-109 PWRSSfuging Tank System). 

Although the nominal working volume of the tank is 1,100 gal, during system operations, 
it is assumed that the 241-S-109 Phase I 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 I1 waste 
staging tanks, which bounds the other aboveground tanks present in the system). 
Therefore, the tank is assumed to contain 1,200 gal to maximize the MAR. 
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The tank is assumed to drain within 60 seconds due to large breach in the tank. 

For radiological consequence calculations, the tank is assumed to consist of 95% liquid 
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-S-109. 

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

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 input data used is as follows: 

3. Onsite unit liter doses (ULD) for SST 2414-109 are taken from RPP-5924, Radiological 
Source Terms for  Tank Farms Safety Analysis: 

Waste T w e  ULD (SvIL) Basis Tank 
SST Liquid 7.8 x 10' 241 -S-109 
SST Sludge 3.1 io3 241 -S-109 

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

Waste T w e  TEEL-1 TEEL-2 TEEL-3 Basis Tank 
SST Liquid 7.97 x 10' 1.18 x 10' 7.03 x lo6 2413-109 
SST Solids 2.19 x IO9 3.22 x lo8 2.30 x lo7 2413-109 

D5.0 CALCULATION OF MIXTURE UNIT LITER DOSES AND SUM OF 
FRACTIONS 

D5.1 
MULTIPLIERS 

DEMONSTRATION BULK VITRIFICATION SYSTEM UNIT LITER DOSE 

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' SvIL) (0.95) + (3.1 x lo3 SvIL) (0.05)] = 2.3 x 102Sv/L 

where: 

7.8 x 10' Sv/L = onsite liquid ULD before drying (RF'P-5924) 
3.1 x lo3 Sv/L = onsite sludge ULD before drying (RPP-5924) 

D5.2 
MULTIPLIERS 

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

TEEL-1 SOF multiplier = [[(7.97 x 108)(0.95) + (2.19 x 109)(0.05)] = 8.7 x lo8 

DEMONSTRATION BULK VITRIFICATION SYSTEM SUMS OF FRACTIONS 

where: 
7.97 x lo8 
2.19 io9 = solid TEEL-1 SOF multiplier before drying (RPP-8369). 

= liquid TEEL-1 SOF multiplier before drying (RPP-8369). 

TEEL-2 SOF multiplier = [(1.18 x 108)(0.95) + (3.22 x lo8) (0.05)] = 1.3 x 10' 
where: 

1.18 x lo8 
3.22 x lo8 

= liquid TEEL-2 SOF multiplier before drying (RPP-8369) 
= solid TEEL-2 SOF multiplier before drying (WP-8369). 

TEEL-3 SOF multiplier = E(7.03 x 106)(0.95) + (2.30 x lo7) (0.05)] = 7.8 x lo6 
where: 

7.03 x lo6 
2.30 io7 = solid TEEL-3 SOF multiplier before drying (RPP-8369). 

= liquid TEEL-3 SOF multiplier before drying (RF'P-8369). 

D6.0 ACCIDENT CONSEQUENCE COMPARISON 

D6.1 

The assumed failure is a spill ofthe 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. 

Catastrophic Failure of the 241-S-109 Phase I Staging Tank 
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Splash and Splatter 

The airborne release fraction (ARF) for splashlsplatter 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 

ARF = 8.9 x 10." [(1.2 x 2 0.55 g/cm3)' x (height)3 x (981 cm/s2)/(7.9 x lO-'poise) ] 

where: 

Arch = Archimedes Number 

1.2 x g/cm3 

height 
981 cm/s' 
7.9 x poise 

= (density,,,)' x (spill height)3 x (g) / (solution viscosity)2 
= density of air (CRC Handbook of Chc?mistry and Physics [Weast 

= spill height in cm. 
= g (acceleration due to gravity) 
= solution viscosity (the selected viscosity corresponds to a value 

19811) 

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 (2 17 - Spill Height) / (2 17) 

A series of spill heights are evaluated for the maximum airborne release using the equations 
above in Section D6-1. 
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Spill height 

25 

Table D6-1 Evaluation of IvIaximum Airborne Release as a Function of Soill Heirht. 1 
Splashisplatter Material at risk(MAR) 

Airborne release (gal) 
ARF (spill volume in gal) I 

5 6 0 ~ 1 0 ~  I172 6 5 6 x  I O b  

7 9 6 x 1 0 '  I-- 1062 8 4 6 x 1 0 '  

- 
75 

I 50 I 2.50 10.' 923.5 I 2.31 x 10.' I 
4.88 10.' i 785.3 3.83 x 10.' 

100 

L 1.37 x 425.8 5 , 8 1 8 9 ~  l o 4  

1.53 x 106 370.5 5.67 x 

7.85 10.' 647.0 5.07 10" ~ 

1 ~7; 1 1.97 x 10" 232.3 1 4 . ~ 9 ~  j 
2.67 x 10" 38.7 1.03 x l o 4  

-- (ncsr Lop OF tank) 

The onsite radiological consequences for the splash/splatter can now be calculated using the 
ARF found above: 
Onsite Radiological Dose,piashispidtLcr - - 

(5.84 x IO"'gaQ(3.785 L/ga1)(0.8)(2.3 x 10' Sv/L)(3.28 x 10.' s/m')(3.33 x m h )  
= 4.4 x 10-6 sv  
= 4.4 x IO"' rem 

where. 

5.84 L 
1 . 2 9 ~  10"  
0.8 

2.3 x 1OZSvlL 

3.28 Y 10-2 s/m3 

3.33 x 10-4 m'/s 

=material at risk (see Table D4-1 above) 
= ARF for splashisplatter 
= 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% Iiquid/5% solids for SST 241-S-109 (calculated 

above, Section D5.1) 
= oiisite 1 -hr atmospheric dispersion coefficient (x/Q) from 

(RPP-13482, Atrnospheric Dispersion Coeficients and 
Rndiologiral and Toxicologicill Exposure Methodologv for Use I N  

Tank Farms) 
= breathing rate (RPP-5924). 

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

Release Rate = [(5.84 x IOu4 ga1)(3.785 L/gal)] / (60 s) = 3.68 x 10'' U s  
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The onsite toxicological consequences can now be calculated: 

Onsite Moderate Toxicological SOFsp~ash/sp~aner = 
(3.68 x L/s)(3.28 x lo-* s/m3)(1.3 x 108)/(1,000 L/m3) 

= 1.6 x 10.’ 

where: 

1.3 x 10’ 

1.000 ~ / m ~  = conversion factor. 

=Temporary Emergency Exposure Limit (TEEL)-2 unitless SOF for 95% 
liquid/5% solids for SST 241-S-109 (calculated above, Section D5.2) 

The offsite toxicological consequences can be calculated similarly: 

Offsite Moderate Toxicological SOFsplas~isp~aller = 

(3.68 x 10-j L/s)(2.22 x 10-j s/m3)(8.7 x 108)/(1,000 L/m3) 
= 7.1 1 0 . ~  

where: 

2.22 x 10-j s/m3 
8.7 x lo8 

= offsite I-hr atmospheric dispersion coefficient (RPP-13482) 
= 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 = 

(1,200 ga1)(3.785 L/gal)(4 x 10-7/hr)(8 hr)(2.3 x IO2 Sv/L)(5.58 x 4 3  s/m3)(3.33 x 10 m i s )  
= 6.2 x Sv 
= 6.2 x rem 

where: 

4 10-~/hr = airborne release rate for entrainment (DOE-HDBK-3010-94, 

2.3 x lo2 Sv/L 

5.58 x 10.’ s/m3 

Section 3.2.4.5) 

above, Section D5.1) 
= ULD for 95% liquid/5% solids for SST 2413-109 (calculated 

= onsite 8-hr atmospheric dispersion coefficient (RPP-13482). 

Toxicological consequences can also be calculated as follows: 

Onsite Moderate Toxicological SOF,,,,,,,,t = 

(1,200 ga1)(3.785 L/gal)(4 x lO-’hr)(3.28 x 10.’ dm’l(l.3 x 108)/(3,600 sh)(l,OOO L/m3) 
= 2.1 10” 

D-6 



RPP-13175 REV 2 

Case 

where: 

Onsite radiological consequences 

Calculated dose Moderate consequence guideline 
(rem) (rem) 

1.3 x 10’ 

3,600 s ihr  = conversion factor. 
1 .OOO ~ / m ~  = conversion factor 

= Temporary Emergency Exposure Limit (TEEL)-2 unitless SOF for 95% 
liquid/5% solids for SST 2414-109 (calculated above, Section D5.2) 

Catashoplnc failure of 241-S-109 
Phase I staging tank with rapid 
draining of the contents 

Offsite Moderate Toxicological SOF,,,inment = 
(1,200 ga1)(3.785 L/gal)(4 x lO-’/hr)(2.22 x s/m3)(8.7 x 108)/(3,600 s/hr)(l,OOO Vm3) 

= 9.8 x 

1 .1  10” 2.5 x IO“ 

where: 

2.22 x s/m3 = offsite 1-hr atmospheric dispersion coefficient (RPP-13482) 
8.7 x IO8 = 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 splasbkplatter and entrainment: 

Onsite radiological consequences = 4.4 x rem + 6.2 x rem = 1.1 x rem 

Onsite moderate toxicological consequences = 1.6 x 10.’ + 2.1 x 10” = 1.6 x lo-’ 

Offsite moderate toxicological consequences = 7.1 x lo4 + 9.8 x = 7.2 

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. 
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Case 

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 conseouences 

Moderate 
consequence High Consequence Moderate consequence 

SOF Guideline SOF Guideline SOF Guideline 

I Onsite I Offsite 1 

Catastrophic failure 
of 241-S-109 Phase 

rapid draining of the 
contents 

I staging tank with 1.6 x 10~’ 1 

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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21. Results and conclusions address all points in the purpose. (ORP YAI’P 
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APPENDIX G 

CALCULATIONS FOR ABOVEGROUND TANK FAILURE 

MIXED WASTE FACILITY OPERATIONS 
DURING CONTACT-HANDLED TRANSURANIC 

G1.O 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 failure 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 released 
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 
IS0 container. The top and bottom ofthe dryer are assumed to be at 710 cm and 550 cm, 
respectively, above grade (estimated from Drawing 056-001 -2-007, RNC CD-10,000 
General Arrangement & Details Dryer B). 

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). 
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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 is 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 Termsfor 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 s lashhplatter 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 cm are examined to determine the point with the maximum 
airborne release. Since the dryer is a horizontal cylindncal vessel, spill volumes as a 
function of height (between 550 cm to 710 cm) are calculated as described below. 

For the single tank failure case, the tank is 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 cm - spill height of 493 cm). 

P .  
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Waste tank 

The entrainment of aerosol by air will be based on an airborne release rate of 4 x l O ” h  
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 
Dispersion Coeficients and Radiological and Toxicological Exposure Methodology for 
Use in Tank Furms. For the onsite radiological dose due to entrainment over an 8-hr 
period, the onsite 8-hr atmospheric dispersion coefficient of 5.58 x 
RPP-13482 are used. 

The breathing rate for light activity is used and is 3.33 x 

sec/m3 and 2.22 x sec/m3, respectively, from RPP-13482, Atmospheric 

sec/m3 from 

m3/sec. 

Unit liter dose (Sv/L)(onsite) 

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

241-B-201 

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. 

1.2 E+03 
241-B-202 3.1 E+02 

I I I 
241-B-203 

I 241-B-204 I 3.8 E+02 I 
3.1 E+02 

241-T-201 

I 241-T-202 I 3.1 E+02 -1 
1.2 E+03 

241-T-203 2.8 E+02 

G-3 

24 1 -T-204 2.0 E+02 

241-T-110 

24 1 -T- l l l  

241 -T-104 

1.1 E+02 

2.7 E+02 

2.5E+02 
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241-B-203 

241-B-204 

241-T-204 

241-T-202 

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. 

1.71 E+09 241-B-203 5.60 EM8 241-T-202 3.39 EM8 
1.62 E+09 24 1-T-201 5.37 E+08 24 1-T-203 3.27 E+08 

3.17 E+08 1.62 E+09 241-T-204 5.33 E+O8 241-T-204 

1.60 E+09 241-B-204 5.28 E+O8 24 I-T-201 2.98 E+08 

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

I BasisTank I TEEL-1 I BasisTank I TEEL-2 I RasisTank I TEEL-3 1 

241-T-201 

241-T-203 

241-B-202 

2.98 E+O8 1.57 E+09 241-T-202 5.22 E+08 

1.54 E+09 241-T-203 4.78 E+O8 241-B-204 2.77 E+08 

2.49 E+08 1.40 E+09 241-B-202 4.70 E+08 241-B-202 

241-B-203 

241-B-201 

241-T-110 

241-T-111 

1.13 E+09 241-B-201 3.85 E+O8 241-B-201 1.90 E+O8 

8.20 E+07 7.37 E+08 24 1-T- 1 IO 3.23 E+08 241-T-I 11 

7.23 E+O8 241-T-111 2.74 E+08 241-T-1 I O  4.81 E+07 

241-T-104 I 2.03E+08 I 24 I-T-104 I 9.02E+07 

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

241-T-104 6.74E+06 

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

Sv/L. However, since the FRPS receipt tank is diluted 

[(0.5)(1.2 x 10”) + (0.5)(0.0)] = 6.0 x lo+* Sv/L 

where: 

1.2 x lo3 SvL  = onsite sludge ULD for SST 241-B-201 before drylng 

0.0 x 10’ SV/L = water ULD 

(RPP-5924) 
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G5.2 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 
TEEL-2 = 5.60 x 10" and TEEL-3 = 3.39 x lo+*. 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 109)(0.5) + (0.00 x lOo)(0.5)] = 8.55 x IO8 

where: 
1.71 io9 
0.00 x 100 

= solid TEEL-1 SOF multiplier for SST 241-B-203 (RPP-8369). 
= water TEEL SOF multiplier. 

TEEL-2 SOF multiplier = [(5.60 x 108)(0.5) + (0.00 x 10°)(0.5)] = 2.80 x 10' 

where: 
5.60 x lo8 = solid TEEL-2 SOF multiplier for SST 241-B-203 (RPP-8369). 

TEEL-3 SOF multiplier = [(3.39 x lO8)(O.5) + (0.00 x 10°)(0.5)] = 1.70 x 10' 

where: 
3.39 x 108 = solid TEEL-3 SOF multiplier for SST 241-T-202 (RF'P-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 resulting 
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 aerosol by air movement over the pool of released waste. 

Splash and Splatter 

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

ARF = 8.9 x 1 0 . " ~  A r ~ h ~ . ' ~  

ARF = 8.9 x 10." [(1.2 x x (height)3 x (981 cm/s2)/(7.9 x lO-'poise) 2 ] 0.55 
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350 

where: 

Arch = Archimedes Number 

1.2 x 10” g/cm3 

height 
981 c d s 2  
7.9 x 10.’ poise 

= (density,,,)2 x (spill height)3 x (9) / (solution viscosity)2 
= density of air (CRC Handbook of Chemistry and Physics [Weast 

= spill height in cm. 
= g (acceleration due to gravity) 
= solution viscosity (the selected viscosity corresponds to a value 

19811) 

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 cm to 
569 cm were evaluated to determine the maximum airborne release using the equation above. 

6.1977 E-06 13236 8.2035 E-02 

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

340 5.9082 E-06 

i Splash/splatter 
airborne release Material at risk per tank 

(spill volume in L) 
Airborne release Spill height 

fraction I 

13841 I 8.1774 E-02 
300 

250 

200 

147 

68 
(bottom of the tank) 

4.8058 E-06 16258 7.8135 E-02 
3.5573 E-06 19280 6.8586 E-02 
2.4616 E-06 22302 5.4899 E-02 
1.48 11 E-06 25506 3.7777 E-02 

4.1510 E-07 30280 1.2570 E-02 
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The onsite radiological consequences for the splashhplatter can now be calculated using the 
maximum airborne release found above: 

Onsite Radiological DOSesplash/spiatter = 

(8.21 x l o2  L/tank)(5 tanks)(0.8)(6.0 x 10' Sv/L)(3.28 x IO-' s/m3)(3.33 x lo4 m3/s) 
= 2.2 10.~ sv 
= 2.2 x 10.' rem 

where: 

8.21 x 

0.8 

6.0 x lo2 Sv/L 

3.28 x s/m3 

L/tank = maximum airborne splashhplatter release found above in 

= respirable fraction for a viscosity of 7.9 x 10.' poise 

= ULD for the diluted receipt tank waste (calculated above, 
Section G5.1) 

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

Table G6-1 

(DOE-HDBK-3010-94) 

3.33 x m3/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 lo3 U s  

The onsite toxicological consequences can now be calculated: 

Onsite Moderate Toxicological SOFsplashisp[atter = 

(1.08 x lo3 L/s)(6.34 x 10-6)(3.28 x 10.' s/m3)(2.8 x 10*)/(1,000 L/m3) = 6.3 x 10"' 

where: 

6.34 x 

2.8 x 10' 

1,000 ~ / m ~  = conversion factor. 

= A€@ for splasNsplatter found above in Table G6-1 

= Temporary Emergency Exposure Limit (TEEL)-2 unitless SOF for the 
diluted receipt tank waste (calculated above, Section G5.2) 

Onsite High Toxicological SOFsplash/splatter = 

(1.08 x lo3 Ws)(6.34 x 10-6)(3.28 x s/m3)(l.7 x 108)/(1,000 L/m3) = 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 SOFsplashiEplatter = 

(1.08 x lo3 L/s)(6.34 x 10-6)(2.22 x s/m3)(8.55 x 108)/(1,000 L/m3) = 1.3 x 10.’ 

where: 

2.22 x 10.~ s/m3 
8.55 x 10’ 

= offsite 1-hr atmospheric dispersion coefficient (RPP-13482) 
= 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 Doseentramment = 

4 3  (12,934 L/tank)(5 tanks)(4 x 10‘7/hr)(8 hr)(6.0 x lo2 Sv/L)(5.58 x lo” s/m3)(3.33 x 10 m 1s) 
= 2.3 x lo4 Sv 
= 2.3 x lo‘* rem 

where: 

12,934 L = spill volume found above in Table G6-1 

4 10-~/hr = airborne release rate for entrainment (DOE-HDBK-3010-94, 

6.0 x 10’ Sv/L 

5.58 x s/m3 = onsite 8-hr atmospheric dispersion coefficient (RPP-13482). 

Section 3.2.4.5) 

Section G5.1) 
= ULD for diluted receipt tank waste (calculated above, 

Toxicological consequences can also be calculated: 

Onsite Moderate Toxicological SOFeniralnment = 

(12,934 L/tank)(5 tanks)(4 x 10-7/hr)(3.28 x s/m3)(2.8 x 108)/(3,600 dhr)(1,000 L/m3) 
= 6.6 x 10.’ 

where: 

2.8 x 10’ 

3,600 s h  = conversion factor. 

= TEEL-2 unitless SOF for the diluted receipt tank waste (calculated 
above, Section G5.2) 
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Onsite High Toxicological SOF,,,,,,t = 

(12,934 L/tank)(5 tanks)(4 x lO-'/hr)(3.28 x 
= 4.0 x 10.' 

s/m3)(1.7 x 10*)/(3,600 s/hr)(l,OOO L/m3) 

where: 

1.7 x lo8 = TEEL-3 unitless SOF for the diluted receipt tank waste (calculated 
above, Section G5.2). 

Offsite Moderate Toxicological SOF,,,,,,,,, - 
- 

(12,934 L/tank)(5 tanks)(4 x lO-'/hr)(2.22 x s/m3)(8.55 x 108)/(3,600 s/hr)(l,OOO L/m3) 
= 1 . 4 ~  lo4 

where: 

8.55 x 10' = TEEL-1 unitless SOF for the diluted receipt tank waste (calculated 
above, Section (25.2). 

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 splashisplatter and 
entrainment: 

Onsite radiological consequences = 2.2 x 10.' rem + 2.3 x 10.' rem = 2.4 x 10.' rem 

Onsite moderate toxicological consequences = 6.3 x lo+' + 6.6 x = 6.3 x 10" 

Onsite high toxicological consequences = 3.8 x 10" + 4.0 x = 3.8 x 10" 

Offsite moderate toxicological consequences = 1.3 x 10 '  + 1.4 x lom4 = 1.3 x 10.' 

As is evident from the above results, the toxicological consequences from splashisplatter are 
about three orders of magnitude greater than those from entrainment. 

(26.2 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 arc 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 splashisplatter and entrainment 
are: 

Onsite radiological consequences = 2.2 x 10.' rem / 5 = 4.8 x rem 
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Onsite moderate toxicological consequences = 6.3 x IO" 

Onsite high toxicological consequences = 3.8 x 10'' 

5 

5 

Offsite moderate toxicological consequences = 1.3 x 10.' / 5 

= 1.3 x 10" 

= 7.6 x 10" 

= 2.6 x 

G6.3 

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: ( I )  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 splashkplatter can be calculated with the following equation from 
DOE-HDBK-3010-94, Section 3.2.3.1 : 

Catastrophic Failure of One Waste Dryer 

ARF = 8.9 x IO-"x 

ARF = 8.9 x 2 0.55 [(1.2 x lo" g / ~ m ~ ) ~  x (height)3 x (981 cm/sz)/(7.9 x poise) ] 

where: 

Arch = Archimedes Number 

I .2 x 1 0 . ~  g/cm3 

height 
981 cmls2 
7.9 x poise 

= (density,,,)' x (spill height)3 x (8) / (solution viscosity)2 
= density of air (CRC Handbook of Chemistry and Physics 

[Weast 19811) 
= spill height in cm. 
= g (acceleration due to gravity) 
= 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 is above the breach is 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: 

For: x s r  

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

And 

x ' = 2 r - x  

For: x > r  

where: 

r 

X 

X' 

= the radius of the dryer cross section, 0.8 m 

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

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

Table G6-2 shows the results of calculating the ARF, spill volume, and airborne release for a 
series of assumed breach heights. 
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Spill height 
(4 

Table G6-2. Evaluation of Maximum Airborne Release as a 
Function of Spill Height for the Waste Dryer. 

Airborne release (L) Material at risk per dryer 
(spill volume in L) airborne release 

fraction 

700 

I 710 I 1.991 E-05 I 0 I 0.000E+00 I 

1.945 E-05 265 5.163 E-03 

690 1.899 E-05 736 1.398 E-02 

680 1.854 E-05 

I 670 I 1.809 E-05 I 1994 I 3.608 E-02 I 
1324 2.455 E-02 

660 

I 640 I 1.678 E-OS I 4290 I 7.198 E-02 I 

1.765 E-05 2723 4.807 E-02 

650 

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

Onsite Radiological DoseSplas,,isplaner = 
(1.34 x 10.' L)(0.8)(6.0 x lo2 Sv/L)(3.28 x s/m3)(3.33 x IO4 m3/s) 

= 7.0 x lo4 Sv 
= 7.0 x rem 

where: 

1.721 E-05 3494 6.013 E-02 

1.34 x IO-' L 

0.8 

6.0 x 10' Sv/L 

630 

= maximum airborne splasWsplatter release found above in 

=respirable fraction for a viscosity of 7.9 x 

= ULD for the diluted dryer waste (calculated above, Section G5.1) 

Table G6-2 
poise 

(DOE-HDBK-3010-94) 

1.635 E-OS 5100 8.337 E-02 
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3.28 x lo-* s/m3 = onsite 1-hr atmospheric dispersion coefficient (x/Q) from 
(RPP-13482, Atmospheric Dispersion Coefficients and 
Radiological/Toxicological Exposure Methodology for Use in 
Tank Farms) 

3.33 x 10.~ m3/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 = (9,935 L) / (60 s) = 1.66 x 10’ Lis 

The onsite toxicological consequences can now be calculated: 

Onsite Moderate Toxicological SOFsplashisptatter = 

(1.66 x lo2 L/s)(1.35 x 10-5)(3.28 x lo-* s/m3)(2.8 x 108)/(1,000 L/m3) = 2.1 x 10’’ 

where: 

1.35 x 

2.8 x lo8 

1,000 ~ / r n ~  = conversion factor. 

Onsite High Toxicological SOFsptashisp~atter = 

(1.66 x lo2 L/s)(1.35 x 10-5)(3.28 x 10.’ dm’l(l.7 x 108)/(1,000 L/m3) = 1.3 x 10” 

= ARF for splashhplatter found above in Table G6-2 

= Temporary Emergency Exposure Limit (TEEL)-2 unitless SOF for the 
diluted dryer waste (calculated above, Section G5.2) 

where: 

1.7 x lo8 = 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 SOFsplash,splat~er = 

(1.66 x lo2 L/s)(1.35 x 1O-’)(2.22 x s/m3)(8.55 x 108)/(1,000 L/m3) = 4.3 x 10.’ 

where: 

2.22 x 10 .~  s/m3 
8.55 x lo8 

= offsite 1-hr atmospheric dispersion coefficient (WP-13482) 
= 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 airborne release rate for a liquid pool exposed to 
small external wind speeds. An eight 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 Doseentramment = 

4 3  (9,935 L)(4 x 10-7/hr)(8 hr)(6.0 x lo2 Sv/L)(5.58 x IO” s/m3)(3.33 x 10- m /s) 
= 3.5 sv 
= 3.5 x 10 .~  rem 

where: 

9,935 L = spill volume found above in Table G6-2 

4 10-~/hr = airborne release rate for entrainment (DOE-HDBK-3010-94, 

6.0 x 10’ Sv/L 
5.58 x s/m3 = onsite 8-hr atmospheric dispersion coefficient (RPP-13482). 

Section 3.2.4.5) 
= ULD for diluted dryer waste (calculated above, Section G5.1) 

Toxicological consequences can also be calculated: 

Onsite Moderate Toxicological SOFentralnment = 

(9,935 L)(4 x 10-7/hr)(3.28 x s/m3)(2.8 x 1O8)/(3,6OO s/hr)(l,OOO L/m3) 
= 1.0 x 

where: 

2.8 x 10’ 

3,600 s/hr = conversion factor. 

= TEEL-2 unitless SOF for the diluted dryer waste (calculated above, 
Section G5.2) 

Onsite High Toxicological SOFentralnment = 

(9,935 L)(4 x 10-7/hr)(3.28 x 10.’ s/rn3)(1.7 x 108)/(3,600 s/hr)(I,OOO L/m3) 
= 6.2 1 0 . ~  

where: 

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

Offsite Moderate Toxicological SOFentrainment = 

(9,935 L)(4 x 10-7/hr)(2.22 x s/m3)(8.55 x 108)/(3,600 s/hr)(l,OOO L/m3) 
= 2.1 
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where: 

8.55 x lo8 = TEEL-I unitless SOF for the diluted dryer waste (calculated above, 
Section G5.2). 

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 splashkplatter and 
entrainment: 

Onsite radiological consequences = 7.0 x rem + 3.5 x IO" rem = 7.4 x 10.' rem 

Onsite moderate toxicological consequences = 2.1 x 10'' + 1.0 x 

Offsite moderate toxicological consequences = 4.3 x 10.' + 2.1 x 10.' 

= 2.1 x lo+' 

Onsite high toxicological consequences = 1.3 x lo+' + 6.2 x = 1.3 x IO" 

= 4.3 x 

As is evident from the above results, the toxicological consequences from splashhplatter 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 
splashlsplatter ARE 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 FWS 
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 splashisplatter component. 

Splash and Splatter 

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

ARF = 8.9 x 10." x Archos5 

ARF = 1.09 x 10.' 
ARF = 8.9 x IO-" [(1.2 x IO-' s / ~ m ~ ) ~  x (493 cm)' x (981 cm/s2)1(7.9 x poise) 2 ] 0 5 5  

where: 

Arch = Archimedes Number 

1.2 x 1 o - ~  g/cm3 
= (density,,J2 x (spill height)3 x (9) / (solution viscosity)2 
= density of air (Weast 1981) 

G-15 



RPP-13175 REV 2 

493 cm = spill height. 
981 cm/s2 
7.9 x 10-~poise 

= g (acceleration due to gravity) 
= 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 splashisplatter can now be calculated using the 
ARF found above: 

Onsite Radiological DOSesplashisplatter = 
4 3  (4,593 L)(1.09 x 10-5)(0.8)(6.0 x lo2 Sv/L)(3.28 x s/m3)(3.33 x 10 m /s) 

= 2.6 x IO4 Sv 
= 2.6 x 10.' rem 

where: 

4,593 L 

1.09 10 '~  

0.8 

6.0 x lo2 Sv/L 

3.28 x s/m3 

3.33 m3/s =breathing rate (RPP-5924). 

= spill volume at a spill height of 493 cm found above in 

= ARF for splashisplatter at a spill height of 493 cm found above 

= respirable fraction for a viscosity of 7.9 x 

= ULD for diluted receipt tank waste (calculated above, 

= onsite 1-hr atmospheric dispersion coefficient (x/Q) from 

Table G6-2 

in Table G6-2 
poise 

(DOE-HDBK-3010-94) 

Section G5.1) 

(WP-13482) 

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 hL = K (v2/2g) (Crane 1988, Flow ofFluids 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 cm) is used: 

76 cm = 1.5 (v2/[(2)(981 cm/s2)]) 
V = 315 cm/s 

where: 

76 cm =head 
1.5 
981 cmk2 

= a constant (K) for a sharp edged pipe entrance and exit (Crane 1988) 
= 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 cm/s)[(?r)(2.54 
= 6.38 L/s. 

= 6.38 x lo3 cm3/s 

where: 

2.54 cm = radius of the 2-in. penetration. 

The onsite toxicological consequences can now be calculated: 

Onsite Moderate Toxicological SOFsplashisplatter = 

(6.38 Ws)(1.09 x 10-5)(3.28 x s/m3)(2.8 x 108)/(1,000 L/m3) = 6.4 x 10.' 

where: 

2.8 x lo8 

1,000 ~ / m ~  = conversion factor. 

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

The offsite toxicological consequences can be calculated similarly: 

Offsite Moderate Toxicological SOFspiash/splatter = 

(6.38 L/s)(1.09 x 10-5)(2.22 x s/m3)(8.55 x 108)/(1,000 L/m3) = 1.3 x 

where: 

2.22 x 10 .~  s/m3 
8.55 x lo8 

= offsite 1-hr atmospheric dispersion coefficient (RPP-13482) 
= 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 Doseentralnment = 
(4,593 L)(4 x 10-7/hr)(8 hr)(6.0 x lo2 Sv/L)(5.58 x l o 3  s/m3)(3.33 x 

= 1.6 x rem 

m3k) 
= 1.6 10 .~  sv 

where: 

4,593 L 
4 10-7ihr = airborne release rate for entrainment (DOE-HDBK-3010-94, 

= spill volume at a spill height of 493 cm found above in Table G6-2 

Section 3.2.4.5) 
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6.0 x lo2 Sv/L 
5.58 x lo” s/m3 

= ULD for diluted receipt tank waste (calculated above, Section G5.1) 
= onsite 8-hr atmospheric dispersion coefficient (RPP-13482). 

Toxicological consequences can also be calculated: 

Onsite Moderate Toxicological SOFenbainment = 

(4,593 L)(4 x 10-7/hr)(3.28 x s/m3)(2.8 x 108)/(3,600 s/hr)(l,OOO L/m3) 

= 4.7 10.~ 

where: 

2.8 x lo8 

3,600 sihr = conversion factor. 

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

Offsite Moderate Toxicological SOF,,,,,,,,, = 
(4,593 L)(4 x 10-7ihr)(2.22 x 10.’ s/m3)(8.55 x 10*)/(3,600 skr)(l,OOO L/m3) 

= 9.7 x 10-6 

where: 

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

Total Consesuences 

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 splashisplatter 
and entrainment: 

Onsite radiological consequences = 2 . 6 ~ 1 0 - ~ r e m  + 1 . 6 ~ 1 0 - ~ r e m  = 2 . 8 ~ 1 0 - ~ r e m  

Onsite moderate toxicological consequences = 6.4 x 10.’ + 4.7 x = 6.4 x 10.’ 

Offsite moderate toxicological consequences =1.3 x 10” + 9.7 x = 1.3 1 0 . ~  
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Case 

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. 

Onsite radiological consequences 

(rem) (rem) 
Calculated dose Moderate consequence guideline 

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

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

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

2.4 x 10.' 2.5 x 10'l 

4.8 x 10.' 2.5 x 10" 

7.4 x 10-2 I 2.5 x 10" 

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

2.8 x lo-* I 2.5 x 10" 

Notes: 
FRPS = Feed Receipt Processing System. 
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Table G7-2. Summary of Toxicological Consequences Without Controls 

broken overflow penetration 

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 
FRF’S receipt tank through a broken overflow penetration, the offsite toxicological and onsite 
radiological and toxicological consequences are low. The toxicological consequences to the 
onsite worker are “high” (2 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 
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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. 

Contact-Handled 1, ansuranidMixed Waste Facility Accidents 

RPP-21479, Prelirnitrory Docurnoired SoJety Ano1ysi.s for the Conlocl- 
Hundlellerl Tmnruronic MUed (CH-TRLIM) Waste Facilrly. Sectlon 3.3.2.4.8. 
,,Above ound . ~ ~ *  

_- ~- Hazard Analysis Title: 

Documented Safety 
A ~ l y s i ~  Section Nurnber: 

~ ~ _ _  

., I human occupancy7 I 
_In I Is hazard material or radiological monilonng equipment dedicated, funCtlOMl, and 

'No or Unknown. As ofthis date, thr design andlor ~onsrmctron ofrhc facilily is not cornplsre, pracedures have not 
been wiltcn, and rtatfiing has DOI been ert;iblirhi.d. The questions picsenled in lhc checklist will be addrrsrrd as 
pail ofthe DSA implementation process 
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CHECKLIST FOR TECHNICAL PEER REVIEW 

Document Reviewed RPP-I 3 175, Technical Basis Document for /he Aboveground Tank 
Failure Represenfarive Accident and Associated Represenled 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* 
[XI [ 1 [ ] 1 .  Previous reviews are complete and cover the analysis, up to the scope of this 

review, with no gaps. 
[XI [ 1 [ ] 2. Problem is completely defined. 
[XI [ 1 [ ] 3. Accident scenarios are developed in a clear and logical manner. 
[XI [ ] [ ] 4. Analytical and technical approaches and results are reasonable and 

appropriate. (ORP QAPP crilerion 2.8) 
[XI [ ] [ ] 5 .  Necessary assumptions are reasonable, explicitly stated, and supported. 

(ORP QAPP crilerion 2.2) 
[XI [ ] [ 1 6 .  Computer codes and data files are documented. 
[XI [ ] [ ] 7. Data used in calculations are explicitly stated. 
[XI [ ] [ ] 8. Bases for calculations, including assumptions and data, are consistent with 

the supported safety basis document (e.g., the Tank Farms Final Safety 
Analysis Report). 

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

IO. For both qualitative and quantitative data, uncertainties are recognized and 
discussed, as appropriate. (ORP QAPP crilerion 2.17) 

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

12. 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. 

[XI [ 1 [ ] 

[XI [ ] [ ] 

[XI [ ] [ ] 

[XI [ ] [ ] 

[XI [ I [ ] 13. Spreadsheet results and all hand calculations were verified. 
[XI I [ ] 14. Calculations are sufficiently detailed such that atechnically qualified person 

can understand the analysis without requiring outside inrormation. (ORP 
QAPP criterion 2.5) 

[XI [ ] [ ] 
[XI [ I [ I 

[XI [ 1 [ 1 

[XI [ I [ ] 

15. 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. 
17. Software verification and validation are addressed adequately. (ORP QAPP 

crilerion 2.6) 
18. Idmits/criteria/guidelines applied to the analysis results are appropriate and 

referenced. Limits/criteria/guidelines were checked against references. 
(ORP QAPP crilerion 2,s) 

[XI [ 1 [ ] 
[XI [ 1 [ 1 
WI [ 1 I 1 

19. Safety margins are consistent with good engineering practices. 
20. Conclusions are consistent with analytical results and applicable limits. 
21. Results and conclusions address all points in the purpose (ORP QAPP 

crilerion 2.3) 
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22. All references cited in the text, figures, and tables are contained in the 

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

callout and the reference list. 
24. Onlv released ke . .  not draft) references are cited. (ORP OAPP crilerion 2.1) 

~I - ~ ~~ 

25. Referenced documents are retrievable or othenvise available. 
26. The most recent version ofeach reference is cited, as appropriate. 

27. There are no duplicate citations in the reference list. 
28. Referenced documents are spelled out (title and number) the first time they 

29. All acronyms are spelled out the first time they are used. 
30. The Table of Contents is correct. 
31. All figure, table, and section callouts are correct. 
32. Unit conversions are correct and consistent. 
3 3 ,  The number of significant digits is appropriate and consistent. 
34. Chemical reactions are correct and balanced. 
35. All tables are formatted consistently and are 6% of blank cells. 
36. The document is complete (pages, attachments, and appendices) and in the 

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 13, “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. I ) .  
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. 

(ORP QAPP crirerion 2. I) 

are cited. 

proper order. 

Concurrenee 

Reviewer (PrinteJName and Signature) Date 

lfNo or NA is chosen, provide an explanation on this form 
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