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1.0 INTRODUCTION 

1.1 PURPOSE 

This technical basis document was developed to support the Tank Farms Documented Safety 
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 andor TSR-level controls (see RF'P-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, tornado, structural degradation, etc.) and fall on the equipment contained inside, leading 
to failure of that equipment. The 242-T Evaporator was built in the 1950s 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 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 DSA. 
The 204-AR Waste Unloading Facility is addressed separately. The In-Tank Solidification 
System 1 and the 241 -A-43 1 ventilation building both have de-entrainers, which may retain 
contaminants aboveground, but not liquid and solid tank waste. 

1 
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1.2.2 Bounding Offsite Accident 

An aboveground tank failure is a moderate energy, atmospheric vapor/gas/aerosol release event 
that is bounded by the dome collapse accident, which has been quantitatively analyzed for 
comparison to the DOE-STD-3009-94, Appendix A, “Evaluation Guideline,” of 25 rem. The 
bounding quantitative analysis for the dome collapse accident is documented in RPP-12395, 
Offsite Radiological Consequences of Waste Tank Dome Collapse, and shows that offsite 
radiological consequences are less than 1 rem; therefore, no safety-class equipment or TSR-level 
controls need to be considered for offsite radiological exposures for any of the moderate energy 
atmospheric vapor/gas/aerosol release events. It is important to note that DOE-STD-3009-94 
does not provide any other 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 approximately twenty 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 

The risk binning process was conducted in accordance with direction provided by the U.S. 
Department of Energy, Office of River Protection (Klein and Schepens, 2003, “Replacement of 
Previous Guidance Provided by RL and O W ) .  Risk binning begins with a qualitative 
evaluation of the frequency and consequence of the representative accident. Consequences are 
evaluated for the following receptors and exposures: offsite toxicological, onsite radiological, 
and onsite toxicological. These consequences are assigned to one of three categories: high, 
moderate, or low. Based on the frequency and consequence, risk bins (ranging from 1 to IV) are 
assigned. It is important to note that for offsite toxicological, onsite radiological, and onsite 
toxicological exposures, safety SSCs and/or TSR-level controls are required for accidents or 
hazardous conditions that are assigned to risk bins I or 11, and are considered for accidents or 
hazardous conditions that are assigned to Risk Bin 111. For accidents or hazardous conditions 
assigned to Risk Bin IV, safety SSCs and TSR-level controls are not expected. Safety 
management programs (SMP) are acceptable for addressing the residual risk posed by Risk Bin 
IV conditions. Tables 1 and 2 show the criteria for assigning the frequency and consequence 
categories, 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. 

2 
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Category 

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

Table 3. Environmental Consequence Categories. 
Definition 

~ 

E2 Significant discharge onsite 

El Localized discharge of hazardous material 

EO No significant environmental consequence 

2.0 RISK BINNING RESULTS 

A risk binning team meeting was held July 22,2002, to obtain consensus on the assignment of 
frequencies, consequences, and risk bins. The attendees represented a wide range of expertise in 
the areas of engineering, licensing, and operations, and included representatives from the 
U.S. Department of Energy, Office of River Protection. Appendix A lists the attendees and the 
organization each attendee represents. (Note the attendance list is labeled “above grade structure 
failure.” However, the list was used for two meetings as noted at the bottom of the page.) After 
the meeting, the risk binning results were distributed to the Technical Working Group for review 
and concurrence. With some minor clarifications, the Technical Working Group concurred with 
the final risk bin results, which are shown in Table 4. 

Table 4. Summarv of Results for Reuresentative Scenarios. 

Postulated accident/ 
hazardous condition Frequency 

Release of radioactive and 
hazardous material from 242-T 
Evaporator due to facility 
degradation. 
Notes: 

A = anticipated. 
L = low. 

nces 7 0 e o  .z .- 

* e 

Risk bin 

4 
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2.1 ABOVEGROUND TANK FAILURE 
REPRESENTATIVE ACCIDENT 
WITHOUT CONTROLS 

2.1.1 Scenario 

The 242-T Evaporator was constructed in the early 19.50s 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 as to what was done when the facility 
was shut down is limited, so it is unclear as to what the remaining contents in the 242-T 
Evaporator are. 

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 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 
creation of the hazardous conditions with the greatest consequences then addressed the causes 
for a roof panel falling on the evaporator vessel. 

A frequency of “unlikely” was qualitatively assigned to this accident based on natural 
phenomena initiators. RPP-4780, Calculation Notes with Structural Analysisfor 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 fre uency of roof collapse from these natural phenomena loads was 
approximately 2.9 x 10- per year, placing this event in the “unlikely” frequency class 7 
(io-2 to 1 0 - ~ / ~ ) .  

A frequency of “anticipated” was qualitatively assigned to this accident based on degradation of 
the structure. There is a 
no maintenance is performed. 

or greater likelihood that the building may fall down on its own if 

2.1.3 Consequence Determination 

After the building collapses, the postulated release results from splashkplatter and wind 
entrainment. 
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An input into the qualitative assessment of consequences was the Appendix B calculation, using 
conservative modeling assumptions documented in Table 5. 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 5 were selected to maximize 
the calculated consequences of the aboveground tank failure accident and that it is the 
combination of conservative assumptions that truly drive 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 and the risk bin guidelines, 
sensitivity studies were not conducted on each of the individual input parameters. However, 
each of the assumptions, the potential effect of changes in the assumption on the frequency or 
consequence level (qualitatively judged), and the need to protect the assumptions are detailed in 
Table 5.  

6 
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2.2 CALCULATION RESULTS 

2.2.1 Assignment of Consequence Bins for the Onsite 
Receptors 

The maximum effects calculated in Appendix B (including HEPA filter effects) produced 
estimated onsite radiological consequences of 2.7 x 10.’ rem, onsite toxicological consequences 
(sum of fractions [SOF]) of 0.72 (emergency response planning guide [ERPGI-2) and offsite 
toxicological consequences (SOFs) of 2.7 x 10” (ERPG-1). 

In determining the offsite toxicological and onsite radiological and toxicological consequences 
bins, the meeting participants considered the existing analysis which applied a combination of 
conservative assumptions to calculate radiological and toxicological consequences. These 
calculated consequences are low when compared to the guidelines (i.e., the onsite radiological 
consequence <25 rem and the onsite and offsite toxicological consequences (SOFs) of 
<1 ERPG-2REEL-2 and <1 ERPG-1REEL-1 respectively). Therefore, a consequence bin of 
“low” was assigned to the onsite radiological and the onsite and offsite toxicological exposures. 

2.2.2 Assignment of Environmental Consequences 

The hot side of the evaporator building (i.e., where the evaporator vessel is located) has a dike at 
its only door. The height of the dike 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 9.1 x 10.’ L from splashkplatter and 9.0 x lo” L from the 
entrainment. It was concluded that there is limited potential for material release to either the 
atmosphere or ground. Therefore, an environmental consequence of E l  was assigned to the 
aboveground tank failure accident. 

2.2.3 Assignment of Risk Bins 

As discussed previously, the frequency of the aboveground tank failure due to facility 
degradation was considered to be in the “anticipated” range, and the offsite toxicological and the 
onsite radiological and toxicological were assigned a consequence bin of “low.” Each exposure 
category for the aboveground tank failure accident was assigned to Risk Bin 111. 

11 
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2.3 ABOVEGROUND TANK FAILURE - 
ASSOCIATED HAZARDOUS CONDITIONS 

There are approximately twenty additional hazardous conditions represented by the aboveground 
tank failure representative accident. (Note that the specific number of hazardous conditions may 
change based on changes in field configurations or operations.) The results of the risk binning 
process for these hazardous conditions are shown in the hazard evalution 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. 

3.0 CONTROL SELECTION 

The representative accident and associated hazardous conditions are assigned to Risk Bin I11 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 RPP- 14821, Technical Basis Document for Defense-In- 
Depth Features. No safety SSCs or TSR-level controls were selected within the defense-in- 
depth features identified for the evaporator dump accident and associated represented hazardous 
conditions. Facility worker hazardous conditions, including those associated with the evaporator 
dump representative accident were evaluated for controls as documented in RPP- 14286, Facility 
Worker Technical Basis Document. 
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APPENDIX B 

CALCULATIONS FOR ABOVEGROUND TANK FAILURE 

B1.O BACKGROUND 

B1.l SCENARIO 

This accident corresponds to a hazardous condition identified in HNF-4508, Hazard Evaluation 
for 242-T Evaporator Facility, caused by a tank failure, in turn, caused by a partial building 
collapse. This accident is somewhat similar to the existing tank failure due to excessive loads 
representative accident except that the tank involved is aboveground inside a building. It is 
assumed that the tank in question ruptures after being hit by one or more falling roof panels 
and/or walls, and that the resulting pressure transient in the building caused by air displacement 
is sufficient to breach the high-efficiency particulate air (HEPA) filters in the ventilation system. 
The consequences of the HEPA filter failure caused by high pressure representative accident 
(Section B3.1) will be added to 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 51/2 in. by 4 ft 2 in. Half of the roof panels are over the “cold 
side” and half over the “hot side.” No calculation was performed to determine how many panels 
would have to fall to develop a pressure pulse to blow out the HEPA filters. Each panel is 
approximately 80 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 
composed of two HEPA filters in series, or a total of four HEPA filters per bank, for a total of 

B-1 
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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 splashlsplatter 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, 
etc.) either are essentially empty, or contain material with little radioactive content (e.g., flush 
water). The design of the evaporator intemals 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-T Evaporator, 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 r e d  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 splashlsplatter dynamics 
and is then entrained by the wind, the 16 gal of crud will be neglected because the likelihood of 
the crud contributing to and/or affecting the source term would be less than 10%. Therefore, the 
solids/liquid 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 ft x 1 ft filter with a survey point on the duct 4 in. from the side of the filter, the dose rates are 
702 mrem/h per L of single-shell tank (SST) liquids and 435 mrem/h per L of SST solids. A 
slurry with 78% liquids would have a dose rate of 643 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 (200/435) or 0.31 1 L (200/494) of slurry. 

0.78~,,,,d(702 mremihr-L) + O.22,,1,ds(435 mremlhr-L) 
= 548 mremihr + 96 mrem/hr 
= 643 mremihr x 0.31 1 x [0.781,,,,d(702 mremihr-L) + O.22,,1,ds(435 mrem/hr-L)] 
= 200 mremihr x 170 mrem/hr + 30 mrem/hr 
= 200 mrem/hr 

The HEPA filter failure accident is assumed to affect all eight HEPA filters in the system even 
though only four filters normally are on line; 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 mrem/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 ARFs are 
selected for the different parts of the accident (i.e., HEPA filter failure, splash/splatter, 
wind entrainment). 

For splashkplatter the ARF and respirable fraction (RF) were selected from 
DOE-HDBK-30 10-94, Airborne Release Fractions/Rates and Respirable Fractions for 
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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: slurries and viscous. A correlation is provided in DOE-STD-3010-94, 
Section 3.2.3.1 for calculations which "...covers all of the spill data, including slurries 
and viscous solutions." 

ARF = 8.9 x lo-'' x 

where: 

= Archimedes Number. 

= (densitya,,)* x (spill height)3 x g/(solution viscosity)' 
Arch 

Densitydi, = 1.2 x glcc 
Spillheight = 100cm 

g = 981 c d s 2  
Solution viscosity = 2.6 x 10' poise. 

g/cm3)' x (100 cmQ x 981 cmls'I(2.6 x 10.' poise)'= 2.1 x lo6 Arch = (1.2 x 

ARF = 8.9 x 10-"x (2.1 x 106)0.5s = 8.9 x 10.'' x 3000 = 2.7 x 

The selected viscosity (2.6 x 10.' poise) corresponds to a value on DOE-HDBK-3010-94, 
Table 3-9 at the low end of potential values. Higher values decrease the ARF by the 
inverse of the square. 

Air density for -21 'C (-70 "F) was taken from Fluid Mechanics with Engineering 
Applications (Franzini, J. B., and E. J. Finnemore, 1997)(see Attachment B1). 
Decreasing the air temperature to 0 "C (32 O F )  increase the density to 0.0013 g/cm3 and 
increase the Archimedes Number by 17%. However, in the ARF equation Archimedes 
Number is taken to the 0.55 power, which means the ARF increases by -8%. 

The RF is the fraction of airborne material that can be transported through the air and 
inhaled into the human respiratory system. It is commonly assumed to include particles 
10-ym aerodynamic equivalent diameter (AED) and less. The term "10-ym 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 
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 hounding values for the various types of waste. 
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4 3  Onsite and 1 hr offsite breathing rate (BR) is 3.33 x 10- m /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-1, 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% solids/liquid. 

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

I Receptor I Solid I Liquid I Composite I 
3.3 io4 4.5 x 1 0 2  (0.73 + 0.04) x IO4 I I Onsite 1 Saltcake I Saltcake or Liquid 7.7 103 I 
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Solids (TEEL-2, onsite) 

Liquids (TEEL-2, onsite) 

Solids (TEEL-1, offsite) 

Liquids (TEEL-1, offsite) 

Solids fraction in waste 

Toxicological consequences are calculated per the methodology established in RPP-8369, 
Chemical Source Terms for  Tank Farms Safety Analyses. The composite onsite sum of 
fractions (SOF) for anticipated and unlikely events is listed in Table B-2 with the source 
of the component values. 

RPP-8369 Table Anticipated and Unlikely 

Table 6-8 7.3 x 10% 

Table 6-20 5.8 x IO8 

Table 6-5 2.2 io9 

Table 6-17 3.8 10’ 

.. 22% 

Composite (TEEL -1 offsite) 

I Liauids fraction in waste I .. I 78% I 

_ _  3.4 io9 

I Comoosite (TEEL -2) onsite) I .. I 6.1 x lo8 I 

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 (xlQ’) 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 splashlsplatter. 

Based on the assumptions in RPP-13482, Atmospheric Dispersion Coeficients and 
Radiological/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 x/Q’s from 
RPP-13482. (Note that the column entitled “Meteorological Condition” is considered 
Column 1 in the RPP-13482 tables.) 

Table B-3 also provides the x/Q’ values from RPP-13482 that are assumed in the 
calculations for the aboveground tank failure. 
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I 

I 

N 5 I2 
x l x  

I 

I 
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Scenario 
Shock 

Blast 

Free-fall or impact 

Enclosed 

Open 

Because the cell (i.e., the roof, door, and possibly portions of the walls) is assumed to be 
open after the roof collapse, the pool is subject to direct entrainment by wind, which has a 
much higher velocity than ventilation airflow within a facility. Because this facility is a 
small, one-story structure and could be only partially collapsed, no credit is taken for any 
mitigation caused by a sheltering effect of rubble. The entrainment rate for the material 
after the initial building collapse and waste spill was selected from 
DOE-HDBK-3010-94, for the 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 10-6/hr is consistent with the 
information provided with DOE-HDBK-3010-94, Figure 3-8. It states, “With a fetch of 
10 m (-33 ft), a wind speed of 15 m/s (- 33.6 mi/hr), and an effective active layer (depth 
of liquid actually involved in drop generation) under these conditions of 1 mm to 1 cm, 
the airborne suspension rate would range from 4E-6hr to 4E-8ihr.” The fetch is the pool 
diameter; for the 242-T Evaporator this would be the length of the building (- 40 ft). 
Lower air entrainment values are presented for liquids indoors exposed to forced 
ventilation (4 x 10-7/hr in Section 3.2.4.5), or for liquid in remnants and debris 
(4 x 10-8/hr in Section 3.2.4.5). A conservative value of 4 x 10-6/hr (1.1 x lO.’/sec) was 
selected for the analysis. 

DOE-HDBK-3010-94, Section 5.4, for shocking, blasting, or impacting a HEPA filter in 
an unconfined or a confined space provides an ARF range from 1.0 x 
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). 

to 1.0 x 10.’. 

as used in 

ARF RF 
2 x 10-6 1 .O 

1 x 10-2 1 .o 
5 10.~ 1 .o 
s 1 0 . ~  1 .o 
1 x 10~* 1 .o 
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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 B 1) 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 I  

ARR 
T~REL) 

Q = MAR x DR x ARF x RFx 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 (Us) 
= airborne release rate fraction (= ARFIT(~E~) = U s )  
= release duration (sec). 

Q = MARx 1 .0xARFx R F x  1.0 

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

The factors in Equations B 1 and B2 are described in more detail in Section B 1. 

B2.2 RADIOLOGICAL DOSE CONSEQUENCE 
METHOD 

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

D = Q x x / Q ' x B R x  ULD (B3) 
where: 

D = inhalation dose at a downwind location (Sv) 
Q = amount released as respirable particles, the source term from Equation Bla  (L) 

x/e'  = air transport factor (s/m3) 
BR = breathing rate (m3/s) 

ULD = 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 RPP-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 V Q ’ x  USOF (B4) 
where: 

SOF = sum of fractions 

VQ’ = 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 Us 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 10.’ L of SST waste equivalent (Section B1.2): 
9 “filters” x material per filter x ARF (9 x 3.11 x IO-’ L x 2.0 x IOa) = 5.58 x 
duration of the release caused by overpressure is expected to he less than 1 min, so the minimum 
I-min averaging time for corrosive/irritant agents was used; assuming the entire release to be 
averaged over a I-min (60 sec) period produces a release rate of 9.27 x 10.’ Us. Consistent with 
the assumption in Section B 1.3, RF = 1 for the HEPA filter failure. 

The resulting radiological doses and SOFs (“anticipated” frequency class) for the HEPA f i b  
failure caused by the over-pressure accident without controls were calculated as follows: 

L. The 
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Radiological Dose = (Q)(x/Q‘)(BR)(ULD) 

Onsite dose = (5.58 x 4 3  L)(3.28 x lo‘* s/m3)(3.33 x 10- m /s)(7.7 x lo3 SvL) 

= 4.7 x 1 0 - ~ s ~  (4.7 x 10.~ rem). 

Toxicological Dose 

Onsite - - (9.27 x Us)(3.28 x 10.’ s/m3)(6.1 x 108)(1 m3/103 L) = 1.8 x 10” 

Offsite - - (9.27 x IO8 Us)(2.22 x s/m3)(3.4 x 109)(1 m%03 L) = 7.0 x 

= (Q’)(x/Q’)(SOF)(l m3/103 L) 

where: 
Q = 5.56 x (L) 

x/Q’(radiological) = 3.28 x 10.’ (s/m3) 
BR = 3.33 x 10.~ (m3/s) 

ULD = 7.7 io3 ( s a )  
Q’ = 9.27 x (Us) 

SOF = 6.1 x lo8 (onsite) and 3.4 x lo9 (offsite) 
x/Q’(toxicological) = 3.28 x 10.’ (s/m3) onsite and = 2.22 x (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 splashkplatter, solve 
Equation la, assuming 300 gal of waste in the evaporator (Le., 50% more than calculated in 
RPP-7277): 

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

This is the amount assumed for the release from splashhplatter including the RF of 0.7. For 
toxicological consequences, the amount is averaged over 1 min (i.e., divide by 60 sec 
[ Q  = 3.6 10.~ us]). 

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 i, (Q) cx/e 3 (BR) (ULDi,,h) 

= (2.1 x 10.’ L)(3.28 x 10.’ s/m3)(3.33 x 
= 1.8 x io4 sv (0.018 rem). 

Onsite SOF SOF = Q’x (x/Q3 x USOF 

(3.6 x lO-’Us)(3.28 x 10.’ s/m3)(6.1 x lo8) (1 m3/103 L) = 0.72 

m3/s)(7.7 x lo3 SvL) 

+ 
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Offsite SOF: SOF = Q‘x (,y/Qy x USOF 

+ (3.6 x L/s)(2.22 x s/m3)(3.4 x IO’) (1 m3/103 L) = 2.7 x IO”. 

where: 
Q = 2.1 x IO5 (L) 

x/Q‘ (radiological) = 3.28 x (s/m3) 
BR = 3.33 x IO-“ (m3/s) 

ULD = 7.7 x io3 (SVL) 
Q’ = 3.6 x (LIS) 

SOF = 6.1 x 10’ onsite and 3.4 x 10’ (offsite) 1 ‘ 3 )  x/Q’ (toxicological) = 3.28 x 10- (s/m ) onsite and = 2.22 x (s/m3) offsite 

B3.3 CONTINUOUS RELEASE FROM MATERIAL 
SPILLED ON FLOOR 

After the initial energetic release of aerosol, the release rate from the 001 of material inside the 
facility will fall to a constant level. Applying the release rate 4 x 10- ihr (1.1 x 1 O-’/sec) to the 
equivalent evaporator vessel inventory (300 gal) gives a constant release rate of 8.8 x IO-’ L/s. 
The corresponding 2-hr radiological release (7.2 x IO3 sec) to the onsite receptor is 6.3 x IO” L. 

? 

Q = 300 gal x 3.79 L/gal x 1.1 x lO-’/sec x 0.7 = 8.8 x 10.’ L/sec. 

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 9 (Q)(,y/Qy(BR)(ULD,,h) 
4 3  = (6.3 x 10‘3L)(5.58 x IO” s/m3)(3.33 x 10 m /s)(7.7 x lo3 Sv/L) 

= 9.1 x Sv (0.009 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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Toxicological I 

additive (along with the constant release rate from the spill). The resulting totals are as follows 
for the tank failure caused by a building or roof collapse without controls: 

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

+ 1.8 x Sv + 9.1 x Sv + 4.7 x lO.’Sv 

= 2.7 x l o 4  Sv (0.027 rem = 27 mrem). 

Onsite SOF: Sections B3.2 + B3.1 

7.2 x 10.’ + 1.8 x lo3 = 7.2 x 10.’ 

Offsite SOF: Sections B3.2 + B3.1 

+ 

+ 2.7 10.~ + 7.0 io-6 = 2.7 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 quite low. They also show 
the onsite and the offsite toxicological consequences are well below guidelines. 

Table B-5. Consequences of 242-T Evaporator High-Efficiency Particulate Air Filter Failure 
Caused by High Pressure Without Controls. 

Onsite 1.8 10.~ I 

Offsite 7.0 x 1 

I I I Evaluation guideline 
(anticipated) Receptor Dosdexposure Hazard 

Onsite 

I Radiological I Onsite I 4.1 10.’ sv I NA I 

7.2 x IO.’ I 

Offsite 

Note: 
NA = not applicable. 

2.7 1 

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

I I I Evaluation guideline 
(anticipated) Receptor Dosdexposure Hazard 

I Radiological I Onsite I 2.7 1 0 ~ ~ s ~  I NA I 

Note: 
NA = not applicable. 
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APPENDIX C 

PEER REVIEW CHECKLIST 

CHECKLIST FOR TECHNICAL PEER REVIEW 
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1. Previous reviews are complete and cover the analysis, up to the scope of this review, 
with no gaps. 

2. Problem is completely defined. 
3. Accident scenarios are developed in a clear and logical manner. 
4. Analytical and technical approaches and results are reasonable and appropriate. 

(ORP QAPP criterion 2.8) 
5 .  Necessary assumptions are reasonable, explicitly stated, and supported. (ORP QAPP 

criterion 2.2) 
6 .  Computer codes and data files are documented. [No codes used] 
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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 criterion 2.9) . 

10. For both qualitative and quantitative data, uncertainties are recognized and 
discussed, as appropriate. (ORP QAPP criterion 2.1 7) 

11. Mathematical derivations were checked including dimensional consistency of 
results. (ORP QAPP criterion 2.16) [No derivations] 

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. 

13. Spreadsheet results and all hand calculations were verified. 
14. Calculations are sufficiently detailed such that a technically qualified person can 

understand the analysis Without requiring outside information. (ORP QAPP 
criterion 2.5) 

IS. Software input is correct and consistent with the document reviewed. [None used] 
16. Software output is consistent with the input and with the results reported in the 

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

18. Limitdcriteridguidelines applied to the analysis results are appropriate and 

document reviewed. [None used] 

criterion 2.6) [None used] 

referenced. Lmits/criteridguidelines were checked against references. (ORP QAPP 
criterion 2.9) 

19. Safety margins are consistent with good engineering practices. 
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20. Conclusions are consistent with analytical results and applicable limits. 
2 1. Results and conclusions address all points in the purpose. (ORP QAPP criterion 2.3) 
22. All references cited in the text, figures, and tables are contained in the reference list. 
23. Reference citations (e.g., title and number) are consistent between the text callout 

24. Only released @e., not draft) references are cited. (ORP QAPP criterion 2.1) @ 
25. Referenced documents are retrievable or otherwise available. 
26. The most recent version of each reference is cited, as appropriate. (ORP QAPP 

27. There are no duplicate citations in the reference list. 
28. Referenced documents are spelled out (title and number) the first time they are cited. 
29. All acronym are spelled out the first time they are used. 
30. The Table of Contents is correct. 
3 1. All figure, table, and section callouts are correct. 
32. Unit conversions are correct and consistent. 
33. The number of significant digits is appropriate and consistent. 
34. Chemical reactions are correct and balanced. [No reactions] 
35. All tables are formatted consistently and are fiee of blank cells. 
36. The document is complete (pages, attachments, and appendices) and in the proper 

37. The document is free of typographical errors. 
38. The tables are internally consistent. 
39. The document was prepared in accordance with HNF-2353, Section 4.3, 

Attachment B, “Calculation Note Format and Preparation Instructions”. 
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and the reference list. 
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order. 
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1. Previous reviews are complete and cover the analysis, up to the scope of this 
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2. Problem is completely defined. 
3. Accident scenarios are developed in a clear and logical manner. 
4. Analytical and technical approaches and results are reasonable and 

appropriate. (ORP QAPP Criterion 2.8) 
5 .  Necessary assumptions are reasonable, explicitly stated, and supported. 
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6.  Computer codes and data files are documented. 
7. Data used in calculations are explicitly stated. 
8. Bases for calculations, including assumptions and data, are consistent with 

the supported safety hasis document (e.&, the Tank Farms Final Safety 
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9. Data were checked for consistency with original source information as 
applicable. (ORP QAPP criterion 2.9) 

IO. For both qualitative and quantitative data, uncertainties are recognized and 
discussed, as appropriate. (ORP QAPP criterion 2.I7) 

11,  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. 

13. Spreadsheet results and all hand calculations were verified. 
14. Calculations are sufficiently detailed such that a technically qualified person 

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

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 

criterion 2.6) 
18. Limits/criteridguidelines applied to the analysis results are appropriate and 

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

19. Safety margins are consistent with good engineering practices. 
20. Conclusions are consistent with analytical results and applicable limits. 
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[ ] [ ] [XI 32. Unit conversions are correct and consistent. 
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