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1.0 INTRODUCTION 

1.1 PURPOSE 

This technical basis document was developed to support RPP-23429, Preliminary Documented 
SUfeQJ Analysis for the Demonstration Bulk Vitrzfication System (PDSA) and RPP-23479, 
Prelimlnary Documented Safety Analysis for the Contact-Handled Transuranic Mixed 
(CH-TRUM) Waste Facility. The main document describes the risk binning process and the 
technical basis for assigning risk bins to the representative accidents involving the release of 
dried radioactive waste materials from the Demonstration Bulk Vitrification System (DBVS) and 
to the associated represented hazardous conditions. Appendices D through F provide the 
technical basis for assigning risk bins to the representative dried waste release accident and 
associated represented hazardous conditions for the Contact-Handled Transuranic Mixed 
(CH-TRUM) Waste Packaging Unit (WPU). 

The risk binning process uses an evaluation of the frequency and consequence of a given 
representative accident or represented hazardous condition to determine the need for safety 
structures, systems, and components (SSC) and technical safety requirement (TSR)-level 
controls. A representative accident or a represented hazardous condition is assigned to a risk bin 
based on the potential radiological and toxicological consequences to the public and the 
collocated worker. Note that the risk binning process is not applied to facility workers because 
credible hazardous conditions with the potential for significant facility worker consequences are 
considered for safety-significant SSCs and/or TSR-level controls regardless of their estimated 
frequency. The controls for protection of the facility workers are described in RPP-23429 and 
RPP-23479. 

Determination of the need for safety-class SSCs was performed in accordance with 
DOE-STD-3009-94, Preparation Guide for  U S .  Department of Energy Nonreactor Nuclear 
Facility Documented Safety Analyses, as described below. 

1.2 BACKGROUND INFORMATION 

1.2.1 Representative Accidents 

The DBVS will receive, process and package waste retrieved from single-shell tank (SST) 
241-S-109, located in the 200 West Area. The Waste Retrieval System will retrieve saltcake 
waste from the tank, pretreat the waste through selective dissolution and solid/liquid separation, 
and deliver the waste salt solution to the DBVS. The DBVS will combine the waste salt solution 
with glass formers and clean soil, vitrify the salt/glass former mixture and produce a vitrified 
waste package suitable for disposal in an onsite licensed disposal facility. Figure 1-1 
summarizes the demonstration bulk vitrification process. 

1-1 
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The salt waste solution will be transferred to a waste dryer where it will be mixed with soil and 
small amounts of zirconium dioxide (ZrOz) and boric oxide (BzO,) and dried by evaporation to 
approximately 1 wt YO moisture. The dryer product is pneumatically conveyed to one of two 
dried waste receivers located directly above the melt station. The water vapor, gases, and dust 
generated by the mixing and drying processes will be routed to the Off-Gas Treatment System. 

1-2 
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An In-Container Vitrification (ICV)' container will be prepared on site by lining it with 
insulating boards, silica sand, and refractory panels; placing a starter path layer at the bottom of 
the container; and installing the container lid and two electrodes. The container will then be 
moved into place in the melt station and connected to the power supply, feed chutes, 
instrumentation and the Off-Gas Treatment System. 

The dried mixture will be fed from the dried waste receivers into the ICV container by means of 
rotary valves. Joule heating will melt the mixture to produce borosilicate glass. The air space in 
the ICV container will he exhausted to the Off-Gas Treatment System. 

The Off-Gas Treatment System will treat the overhead gases from both the waste dryer and the 
ICV container. Components of the Off-Gas Treatment System will condense the water vapor in 
the gases, and will remove particulates, acid gases, radionuclides, and toxic chemicals so that the 
eMuent gases will meet environmental emission standards. 

The DBVS off-gas treatment filtration system consists of a condenser, a mist eliminator, a heater 
(to lower the relative humidity of the air stream), and two parallel filter trains, each containing a 
prefilter and two 2 ft by 2 ft by 1 ft thick high-efficiency particulate air (HEPA) filters in series. 
The HEPA filters are intended to trap any particulate material coming out of the DBVS Off-Gas 
Treatment System. After passing through the HEPA filter system, the off-gas passes through an 
activated carbon filter. The purpose of the carbon filter is to trap any chemically active gaseous 
material, primarily Iz9I, coming out of the Off-Gas Treatment System. Downstream of the 
carbon filter is a final off-gas polishing filter. 

The entire filtration system is designed to handle the Off-Gas Treatment System effluent from 
the entire vitrification campaign, Le., the loading and vitrification of approximately 50 containers 
of waste. 

Hazard analysis of the DBVS, described in RPP-23429, identified some hazardous conditions 
that were not represented by any established representative accident in RPP-13033. Some of 
these hazardous conditions were related to postulated dried waste releases from various areas of 
the DBVS. This document discusses the technical basis underlying the assignment of risk 
category and controls for representative accidents involving the release of dried radioactive 
waste. 

The following three hazardous conditions were selected as representing dried radioactive waste 
release events. Each requires a different set of controls for mitigating the consequences. 

The first representative accident is a structural failure (e.g., breach) of the pneumatic 
transport system resulting in the release of dried radioactive powder to the atmosphere. 
This condition was selected because the energy imparted to the released dried waste by 
the action of the vacuum pump could potentially cause all of the released material to 
become airborne. 

1. ' ICVW (In Container Vitrification) is a trademark of AMEC Inc., London, England. 

1-3 
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The second representative accident is a free-fall spill in which only a portion of the 
spilled material, as represented by an airborne release fraction, becomes airborne because 
of the material’s impact on a surface. Subsequently, a portion of the spilled material 
becomes entrained in airflows and is carried downwind. 

The third representative accident is release of dried waste caused by a filter that fails 
because of high temperature. This condition bounds the other filtration failures because 
the high temperature potentially releases the ‘291 on the carbon filter as well as a fraction 
of the material on the HEPA filters. 

1.2.2 Bounding Offsite Accident 

Low-energy ground surface solids release events are bounded by an unplanned 
excavationidrilling accident that has been quantitatively analyzed for comparison to the 
DOE-STD-3009-94, Appendix A, “Evaluation Guideline” of 25 rem to the public. The bounding 
quantitative analysis for an unplanned excavationidrilling accident is documented in RPP-13442, 
Offsite Radiological Consequence Analysis for the Bounding Unplanned Excavation/Drilling of 
200 Area Soils, and shows that offsite radiological consequences do not challenge the 25 rem 
evaluation guideline. 

The source term and the offsite unit liter dose (ULD) for the accidents and hazardous conditions 
involving release of dried materials firom the DBVS, presented in Appendix B, are less than 
those for the analyzed bounding offsite accident. Therefore, the unplanned excavation/drilling 
accident bounds the offsite radiological release fiom these accidents. No safety-class SSCs or 
TSR-level controls for protection of the public need to be considered for offsite radiological 
exposures for any of the low-energy ground surface solidsludge release events. 

It is important to note that DOE-STD-3009-94 does not provide any other evaluation guidelines 
(i.e., evaluation guidelines are not provided for offsite toxicological, or onsite radiological and 
toxicological exposures). These exposures were evaluated for the representative accidents and 
associated hazardous conditions in accordance with the risk binning methodology described in 
Section 1.3. The results of evaluating the risk to the facility worker are documented in 
RPP-23429. 

1.2.3 Associated Hazardous Conditions 

In addition to the hazardous conditions that define the representative accidents, the hazard 
evaluation database lists other hazardous conditions that are characterized by the representative 
accidents. 

For the release of dried waste from the Dried Waste Transfer System (DWTS) representative 
accident, the represented condition is a spill and fall of dried solids from the top of one of the 
dried waste receivers (i.e., greater than 3 m high). 

1-4 
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For the spills and falls of dried solids from heights of less than 3 m representative accident, the 
represented condition is a failure of the seal between the ICV container and the lid due to 
misalignment or sealing lip damage. 

For the filtration failure representative accident, the represented hazardous conditions are: 

Failure of the off-gas HEPA filters due to high pressure, causing a partial release of the 
waste loading on the filters 

Unfiltered release due to error during filter maintenance, leakage around a misaligned 
filter or damage to the ductwork. 

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 
O W ) .  Risk binning begins with a qualitative evaluation of the frequency and consequence 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 I11 events are generally protected by the safety 
management programs, and Risk Bin N events do not require additional measures. 

1-5 
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Table 1-1. Offsite (Toxicological Only) Risk Bins. 

>ERPG-Z / TEEL-2 

1 I No fiirther consideration for safety SSCs and/or TSR-level controls 
'Radiological consequences for the offsite I eceptor are evaluated in accordance with DOE-STD-3009-94,2002, 

Preparation Guidefor U S  Department of Energy Nonreactor Nuclear Facility Documented Safety Analpes, 
Change Notice No 2, Appendix A, U S Depament of Energy, Washington D C 

ERPG = emergency response planning bwideline. TEEL = Temporary Emergency Exposure Limit. 
SSC = structures, systems, and components TSR = technical safety requirement 

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

Consequence category 

>ERPG-3 / TEEL-3 

>ERPG-Z / TEEL-2 
BRPG-3 I TEEL-3 

<ERPG-2 I TEEL-2 I (Low) 

Safety SSCs andor TSR-level controls consideredrequired. 

No fixther consideration for safety SSCs and/or TSR-level controls 

ERPG = emergency response planmng guideline TEEL = Temporary Emergency Exposure Limit. 
SSC = strnctures, systems, and components TSR = technical safety requirement 
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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 seventy) 
and these categories are defined in Table 1-3. 

Definition 

Table 1-3. Environmental Consequence Categories. 

E3 Offsite discharge or discharge to groundwater 

E2 
El  I Localized discharge 

EO I NO significant environmental conseouence 

Significant discharge onsite 
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Release of pneumatically transported dried 
radioactive waste due to vehicle impacts, 

defects or installation errors (representative 
accident) 

seismic structural failure, or manufacturing 

2.0 RISK BIN EVALUATION 

U 

2.1 RELEASE OF DRIED WASTE FROM THE 
WASTE TRANSFER SYSTEM 

During meetings conducted on September 28,2004, and October 18,2004, consensus was 
obtained on the assignment of frequencies, consequences, and controls for the hazardous 
conditions involving release of dried waste from the DWTS. The meeting attendees represented 
a wide range of expertise in the areas of engineering, licensing, and operations. Appendix A lists 
the meeting attendees. 

Scoping calculations were performed to support the assignment of consequence bins. These 
calculations are presented in Appendix B. The risk binning results are shown in Table 2-1. 

Table 2-1. Risk Binning Results for Releases from the Dried Waste Transfer System 

Postulated accident 
Frequency 

I u  Spills and falls of dried radioactive waste of 
less than 3 m (various causes) 

Spills and falls of dried radioactive waste 
from the top of the dry waste receiver 
(various causes) 

Lid fails to seal to the ICV container due to I misalienment or sealine lio damaee 
Notes: 

A = anticipated. 

H =high. 

L =low. 
M =moderate. 
U = unlikely. 

E2 = significant discharge onsite 

ICV = In-Container Vitrification. 

Risk bin a 
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2.1.1 Representative Accident 1: Release of Dried 
Waste During Pneumatic Transfer 

2.1.1.1 Accident Scenario 

As part of the DBVS waste processing system, waste will be mixed with clean soil and glass 
formers and dried before being pneumatically conveyed to the dried waste receiver for eventual 
delivery to the ICV container for vitrification. In the accident scenario, there is a failure of the 
pneumatic transfer line downstream of the vacuum pump during transport of the waste. The 
result is release of the dried material to the atmosphere. It is conservatively assumed that there is 
no confinement and the solids move as a free-flowing powder. 

2.1.1.2 Frequency Determination 

Failure of the pneumatic transfer line could be the result of one of several possible causes, 
including vehicle impacts, a seismic event, manufacturing defects, or installation errors. The 
design basis earthquake has a return period that puts it in the “unlikely” frequency range. 
Failures due to manufacturing defects or installation errors are judged to be “unlikely” because 
the equipment will be new, and the facility has a limited operating life. Additionally, all systems 
will be tested during startup with non-hazardous materials prior to operating with the tank waste. 
Even though vehicle accidents are considered anticipated events, the portion of the transfer line 
downstream of the vacuum pump is in a location that is relatively inaccessible by vehicle traffic. 
Therefore, the event was assigned a frequency bin of “unlikely.” 

2.1.1.3 Consequence Determination 

To provide an estimate of the radiological and toxicological consequences, scoping calculations 
were performed and are documented in Appendix B. The accident scenario, without controls, 
assumes that during transport of the dried waste mixture the pneumatic transfer line fails. The 
waste is released to the atmosphere. 

The release is assumed to contain a complete waste dryer batch (7,009 kg) of dried waste 
mixture. A batch of waste mixture will consist of a nominal 8,032 kg of SST 241-S-109 salt 
solution mixed with soil and subsequently dried. It is assumed that the liquid waste entrains as 
much as 5 vol% of sludge. Undiluted waste is assumed as feed to the waste dryer even though 
an overall fresh water dilution factor of 3.37:l is expected. 

The radiological ULDs for SST 241-S-109 waste were taken from RPP-5924, Radiological 
Source Terms for  Tank Farms Safety Analysis, Table E-1. The toxicological sum of fraction 
(SOF) multipliers for the tank were taken from RPP-8369, Chemical Source Terms for Tank 
Farms Safety Analyses, Tables G-2 and G-6. The atmospheric dispersion factors are from 
RPP-13482, Atmospheric Dispersion Coefficients and Radiological and Toxicological Exposure 
Methodology for  Use in Tank Farms, and the airborne release fraction, respirable fraction, and 
airborne release rate are from DOE-HDBK-3010-94, Airborne Release Fractions/Rates and 
Respirable Fractions for Nonreactor Nuclear Facilities. 
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A complete list of the analysis assumptions is presented in Table 2-2. The table includes, for 
each assumption, information on the potential effect of changes in the assumption, and the need 
to evaluate or protect the assumption. 

2.1.1.3.1 Assignment of Consequence Bins 

Although the evaluation of consequences was intended to be qualitative, there were no previous 
analyses of releases of dried radioactive waste powder to provide a frame of reference for the 
qualitative judgment. Therefore the consequences were estimated by scoping calculations as 
shown in Appendix B. 

Tables 2-3 and 2-4 compare the calculated consequences of the representative accident to the 
radiological and toxicological risk evaluation guidelines. The onsite radiological consequences 
for the release from the DWTS were above the 25 rem “moderate” consequence guideline but 
below the 100 rem “high” consequence guideline; therefore, they were assigned to a 
consequence bin of “moderate.” The SOF for the offsite toxicological consequences was 0.97, 
below but very close to the “moderate” consequence guideline. Therefore, they were assigned to 
the “moderate” consequence bin. The onsite toxicological consequences exceeded both the 
moderate and higb consequence guidelines, thus they were assigned to a “high” consequence bin 

2-3 



RPP-20725 REV 1 

I 

2-4 



RPP-20725 REV 1 

2 

2-5 

2 



WP-20725 REV 1 

2 

i: i: 

2-6 



~ 

E 
2 u 

WP-20725 REV 1 

2-7 



WP-20725 REV 1 

Case 

Table 2-3. Summary of Onsite Radiological Consequences Without Controls 
for the Release of Dried Radioactive Waste During Pneumatic Transport. 

High consequence 
guideline 

(rem) 

Moderate 
consequence 

(rem) guideline 
Calculated dose 

(rem) 

Onsite radiological consequences I 

43 25 -T 100 I Release of pneumatically 
transuorted dried radioactive waste I 

Table 2-4. Summary of Toxicological Consequences Without Controls 
for the Release of Dried Radioactive Waste during Pneumatic Transport. 

Notes: 
SOF = sum of fractions. 

2.1.1.3.2 Assignment of Environmental Consequences 

An environmental consequence of E2 was assigned because a discharge of approximately 
7,009 kg of powder was judged to be a significant onsite discharge. 

2.1.1.4 Assignment of Risk Bins 

Table 2-1 summarizes the frequency, consequence, and risk bin assignments for the release of 
dried radioactive waste representative accident. The assignment of risk bins is derived from the 
consequences and estimated frequency of the accident. The risk bin for the offsite toxicological 
receptor is I1 because the consequence is “moderate” and the estimated ffequency is “unlikely.” 
The risk bin for the onsite toxicological receptor is I because the consequence is “high” and the 
estimated frequency is “unlikely.” The onsite radiological risk bin is I1 due to the “moderate” 
consequences and “unlikely” frequency. 
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2.1.1.5 Associated Hazardous Conditions 

The results of the risk binning process for the hazardous conditions covered by the representative 
accidents in this document are contained within the hazard evaluation database. The hazard 
evaluation database includes the basis for each consequence and frequency. Consensus was 
reached by the risk binning team that all the represented hazardous conditions were bounded by 
the representative accidents. 

The risk binning team considered the process design as well as the conservatisms in the analysis 
when assigning consequence and frequency bins to the other represented hazardous conditions. 
The results are presented with the representative accidents in Table 2-1, and are discussed below. 

2.1.1.5.1 Spills and Falls of Dried Radioactive Waste Materials from the Dried Waste 
Receiver 

Scenario 

This condition can occur when there is a breach of confinement of any of the system components 
containing or conveying the dried waste that allows the waste to be spilled from a height greater 
than 3 m from the nearest spill surface. A breach near the top of a full dried waste receiver unit 
is such an event. A failure to have the JCV container in place when the dried waste is being fed 
to the container would result in the same type of spill. It is assumed, because of the fall height, 
about 35 ft, that the entire material at risk becomes airborne. 

Frequency Determination 

This failure could be the result of one of several possible causes, including vehicle impacts, a 
seismic event, manufacturing defects, or installation errors. The design basis earthquake has a 
return period that puts it in the “unlikely” frequency range. Failures due to manufacturing 
defects or installation errors are judged to be “unlikely” because the equipment will be new, and 
the facility has a limited operating life. Additionally, all systems will be tested during startup 
with non-hazardous materials prior to operating with the tank waste. In this case, it would take a 
large, high-speed vehicle toppling the melt area enclosure structure to cause the waste spill from 
greater than 3 m. Therefore, the event was assigned a frequency bin of “unlikely.” 

Consequence Determination 

It was judged that the bounding assumptions for the scoping calculation of the consequences of 
this scenario would be the same as for the representative accident. Therefore, the consequences 
are the same as for the failure during pneumatic transfer scenario. 

The onsite radiological consequences and the offsite toxicological consequences were judged to 
be “moderate.” The onsite toxicological consequences were judged to be “high.” 
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2.1.2 Representative Accident 2: Drop and Spill of 
Dried Waste from the Waste Dryer (Less Than 
3 m High) 

2.1.2.1 Accident Scenario 

This condition can occur when there is a loss of confinement of any of the system components 
containing or conveying the dried waste that are within 3 m of the nearest spill surface. The 
waste dryer and the DWTS piping within 3 m of the gound are components that could be subject 
to such failure. The waste drop would result in the generation of dust as well as a small amount 
of material suspension due to air movement. 

2.1.2.2 Frequency Determination 

Failure of any of these components could be the result of one of several possible causes, 
including vehicle impacts, a seismic event, manufacturing defects, or installation errors. The 
design basis earthquake has a return period that puts it in the “unlikely” frequency range. 
Failures due to manufacturing defects or installation errors are judged to be “unlikely” because 
the equipment will be new, and the facility has a limited operating life. Additionally, all systems 
will be tested during startup with non-hazardous materials prior to operating with the tank waste. 
The waste dryer is in an International Organization for Standardization (ISO) container. Even 
though this container is not counted on for protecting the waste dryer from being hit by a vehicle, 
its presence would help reduce the frequency of the impact. Therefore, the event was assigned a 
frequency bin of “unlikely.” 

2.1.2.3 Consequence Determination 

To provide an estimate of the radiological and toxicological consequences, scoping calculations 
were performed and are documented in Appendix B. The accident scenario, without controls, 
assumes that during transport of the dried waste mixture from the waste dryer to the ICV 
container, there is a breach in the waste dryer or the transfer line. The dried waste is spilled on 
the ground or other hard surface. 

The release is assumed to contain a complete waste dryer batch (7,009 kg) of dried waste 
mixture. A batch of waste mixture will consist of a nominal 8,032 kg of SST 2414-109 salt 
solution mixed with soil and subsequently dried. It is assumed that the liquid waste entrains as 
much as 5 vol% of sludge. Undiluted waste is assumed as feed to the waste dryer even though 
an overall fresh water dilution factor of 3.37: 1 is expected. 

The radiological ULDs for SST 2413-109 waste were taken from RF’P-5924, Table E-1. The 
toxicological SOF multipliers for the tank were taken from RF’P-8369, Tables G-2 and G-6. The 
atmospheric dispersion factors are from RF’P-I 3482, and the airborne release fraction, respirable 
fraction, and airborne release rate are from DOE-HDBK-3010-94. 

A complete list of the analysis assumptions is presented in Table 2-5. The table includes, for 
each assumption, information on the potential effect of changes in the assumption, and the need 
to evaluate or protect the assumption. 
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2.1.2.3.1 Assignment of Consequence Bins 

Although the evaluation of consequences was intended to be qualitative, there were no previous 
analyses of releases of dried radioactive waste to provide a frame of reference for the qualitative 
judgment. Therefore the consequences were estimated by scoping calculations as shown in 
Appendix B. 

Tables 2-6 and 2-7 compare the calculated consequences of the representative accident to the 
radiological and toxicological risk evaluation guidelines. The onsite radiological consequences 
for the fall or drop of dried waste from less than 3 m high were below the 25 rem “moderate” 
consequence guideline; therefore, they were assigned to a consequence bin of “low.” The onsite 
toxicological consequences were above the “high” consequence guideline. Therefore, they were 
assigned to the “high” consequence bin. The offsite toxicological consequences are below the 
moderate consequence guidelines, thus they were assigned to a “low” consequence bin. 
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Calculated dose 
(rem) 

Table 2-6. Summary of Onsite Radiological Consequences Without Controls 
for the Spill of Dried Waste from Less Than 3 m High. 

Onsite radiological consequences I 
High consequence 

guideline 
(rem) 

Moderate 
Consequence 

guideline 
I r e d  

Case 

0.94 Spill and drop of dried waste from 
less than 3 m high 

25 100 

Onsite 

Table 2-7. Summary of Toxicological Consequences Without Controls 
for the Sui11 of Dried Waste from Less Than 3 m High. 

Offsite 

Moderate High Moderate High 

SOF Guideline 
Spill and drop 
of dried waste 
from less than 84 1 

3 m high 

SOF Guideline SOF Guideline SOF Guideline 

5.1 1 0.39 1 5.7 x lo-z 1 

Note: 
SOF = sum of fractions. 

2.1.2.3.2 Assignment of Environmental Consequences 

An environmental consequence of E2 was assigned because a discharge of approximately 
7,009 kg of powder was judged to be a significant onsite discharge. 

2.1.2.3.3 Assignment of Risk Bins 

Table 2-1 summarizes the frequency, consequence, and risk bin assignments for the release of 
dried radioactive waste representative accidents. The assignment of risk bins is derived from the 
consequences and estimated frequency of the accident. The onsite radiological risk bin is I11 due 
to the “low” consequences and “unlikely” frequency. The risk bin for the onsite toxicological 
receptor is I because the consequence is “high” and the estimated frequency is “unlikely.” The 
risk bin for the offsite toxicological receptor is 111 because the consequence is “low” and the 
estimated frequency is “unlikely.” 

2.1.2.4 Associated Hazardous Conditions 

The results of the risk binning process for the hazardous conditions covered by the representative 
accidents in this document are contained within the hazard evaluation database. The hazard 
evaluation database includes the basis for each consequence and frequency. Consensus was 
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reached by the risk binning team that all the represented hazardous conditions were bounded by 
the representative accidents. 

The risk binning team considered the process design as well as the conservatisms in the analysis 
when assigning consequence and frequency bins to the other represented hazardous conditions. 
The results are presented with the representative accidents in Table 2-1, and are discussed below. 

2.1.2.4.1 Lid Fails to Seal to the In-Container Vitrification Container Due to Misalignment 
or Sealing Lip Damage 

Scenario 

This scenario postulates that dried material could leak from the ICV container during processing 
if the seal between the container and the Ancillary Waste Transfer Enclosure (AWTE) were 
compromised. 

Frequency Determination 

This condition would likely be due to human error. Therefore, a frequency bin of “anticipated” 
was assigned. 

Consequence Determination 

No quantification of consequences of this scenario was made. Leakage, if any, from the gap 
between the container and the AWTE is expected to be bounded by the scenarios previously 
discussed. Therefore, the consequence bins assigned were the same as those assigned for the 
spills and falls of dried waste from heights of less than 3 m. The onsite radiological and the 
offsite toxicological bins are “low.” The onsite toxicological risk bin is qualitatively assigned to 
be “moderate,” because it is not expected that the release rate of material from the leak between 
the ICV and the AWTE would be as high as for the spill from the waste dryer. 

2.2 FILTRATION FAILURE SCENARIOS 

The control decision for the filtration failure hazardous conditions was determined by consensus 
as documented in the email from J. P. Hanis I11 to the risk binning team, dated 
November 24,2004. A copy of this email is presented in Appendix A. 

Scoping calculations were performed to support the assignment of consequence bins. These 
calculations are presented in Appendix B. The risk binning results for the filtration failure 
scenarios are shown in Table 2-8. 
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Table 2-8. Risk Binning Results for Dried i r 
Postulated accident 

Frequency 

<elease of radioactive and hazardous 
naterial from DBVS off-gas treatment 
;ystem filters due to over pressure event. 
:ncludes 8-hr unfiltered release through 
railed filters. 

lelease of radioactive and hazardous 
naterial from DBVS off-gas treatment 
iystem filters due to over temperature event. 
Includes 8-hr unfiltered release through 
Hiled filters. 

A 

A 

Infiltered release of radioactive and 
lazardous material from DBVS off-gas 
reatment system due to failure of filters or 
Seals. The onsite and offsite receptors are 
issumed to be exuosed for 8 hr. 

A 

Votes: 
A = anticipated. 

DBVS= Demonstration Bulk Vitrification System. 
E l  =localized discharges ofhazardous material. 

L =low. 
M =moderate. 

2.2.1 Representative Accident 3: Filter Fail 
High Temperature 

2.2.1.1 Accident Scenario 

Ute Releases Due to Filb 
Conse 

L 

L 

Due 

ences 

ion Failures. 
Risk bin 

In this scenario the Off-Gas Treatment System HEPA filters (and prefilters) fail due to high 
temperature causing a partial release of the maximum waste loading on the filters. This is 
followed by an 8-hr unfiltered release from the DBVS at the maximum exhauster flow rate. 

2.2.1.2 Frequency Determination 

The HEPA over temperature accident may occur as a result of a ventilation system heater failure 
or an external fire. These potential accident initiators are assigned an “anticipated” frequency. 
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2.2.1.3 Consequence Determination 

To provide an estimate of the radiological and toxicological consequences, scoping calculations 
were performed and are documented in Appendix B. The accident scenario, without controls, 
assumes that during operation of the DBVS the HEPA filters fail due to a high temperature 
event. The waste is released to the atmosphere. 

For purposes of this analysis, a bounding case was assumed that takes no credit for the off-gas 
treatment system and assumes maximum continuous releases from the ICV. The highest 
particulate release rates from the ICV occur during the loading process where dried waste is 
being added to the vitrification container from a dry waste receiver. During this operation, a 
fraction of the dried feed is expected to enter the off-gas system as a fine dust. During normal 
operation, this dust will be caught by sintered metal filters, recycled back to the waste dryer, and 
then back to the vitrification container feed. For the bounding filtration failure analysis, it is 
assumed that the dust effluent from the vitrification container feed operation proceeds directly to 
the final HEPA filters for the duration of the accident. The HEPA filters are assumed to be 
plugged with dust from the vitrification container feed operation. 

The maximum loading on each HEPA filter is assumed to be 1 L of solids based on filter 
plugging (i.e. high AP and low flow rate). The load on each of the two prefilters is assumed to 
be 10% of the load on a HEPA filter and one HEPA load of waste is assumed to be plated out or 
trapped within the ductwork, heater, etc. upstream of the filters. The total load of waste within 
the particulate filter system (two prefilters, four HEPA filters, and one duct) subject to release is 
therefore assumed to be 5.2 HEPA loads or 5.2 L of dried solids. 

Any '291 associated with the dust coming out of the vitrification container loading operation will 
be trapped by the HEPA filters. The gaseous '291 loading on the activated carbon filter will 
originate primarily in the melting process. No credit is taken for removal of '291 by the off-gas 
scrubber system when estimating the loading on the carbon filter. Although the 1291 emissions 
from the vitrification operation are minor compared to the other components, the '291 loading on 
the carbon filter is treated separately in the calculation of filter release due to high temperature. 
In the release due to high temperature case the carbon filter is assumed to release 100% of its 
load of '291 (as opposed to 0.01% for the particulates on the HEPA filters) and so the 1291 has 
some importance. The total '291 release per container processed with no credit for the off-gas 
scrubber system is 1.1 x 
145579-A-DC-002, Section 3.5.1 [see RPP-245 17, Supporting Design Information for 
Demonstration Bulk Vztrijication System Preliminary Documented Safety Analysis]). The carbon 
filter is assumed to be loaded with a total '291 inventory equivalent to the releases from the 
vitrification of 100 containers of waste (approximately twice the number expected to be 
processed), or 1.1 x lo4 Ci. 

The radiological ULDs for SST 2413-109 waste were taken from RPP-5924, Table E-1. The 
toxicological SOF multipliers for the tank were taken from RPP-8369, Tables G-2 and G-6. The 
atmospheric dispersion factors are from RPP-I 3482, and the airborne release fraction, respirable 
fraction, and airborne release rate are from DOE-HDBK-3010-94. 

Ci (stream 17 in drawing F-145579-00-A-0022, and 
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A complete list of the analysis assumptions is presented in Table 2-9. The table includes, for 
each assumption, information on the potential effect of changes in the assumption, and the need 
to evaluate or protect the assumption. 

2-20 



RPP-20725 REV 0 

2-21 



RF'P-20725 REV 0 

2-22 



RPP-20725 REV 0 

0 
Z 

2-23 



RPP-20725 REV 0 

2-24 



FWP-20725 REV 1 

(rem) 

2.2.1.3.1 Assignment of Consequence Bins 

Although the evaluation of consequences was intended to be qualitative, the consequences were 
estimated with scoping calculations as shown in Appendix B. 

Tables 2-10 and 2-1 1 compare the calculated consequences of the representative accident to the 
radiological and toxicological risk evaluation guidelines. The onsite radiological consequences 
for the release from the Off-Gas Treatment System filtration failure were below the 25 rem 
“moderate” consequence guideline; therefore, they were assigned to a consequence bin of “low.” 
The offsite toxicological consequences were below the “moderate” consequence guideline and 
were assigned to a consequence bin of “low.” The onsite toxicological consequences were above 
the “moderate” consequence guideline but below the “high” consequence guideline, thus they 
were assigned to a “moderate” consequence bin. 

(rem) 

Table 2-1 0. Summary of Onsite Radiological Consequences Without Controls 

Case 

for the Filtration Failure Representative Accident. 
Onsite radiological consequences 

Onsite Offsite 
Moderate High Moderate High 

I High cc ^_^^  I 
Case I Calculated dose I consequence Moderate 

Filter Failure 
Due to High 
Temperature 

0.63 Filter Failure Due to High 
T P - P m i l I r P  

consequence consequence consequence consequence 
SOF Guideline SOF Guideline SOF Guideline SOF Guideline 

2.2 1 0.13 1 0.010 1 1.5 1 0 3  1 

I I 25 100 I 
I 1 I 

Table 2-1 1. Summary of Toxicological Consequences Without Controls 
for the Filtration Failure Representative Accident. 

1 Toxicological Consequences 

2.2.1.3.2 Assignment of Environmental Consequences 

An environmental consequence of El was assigned because it is expected that the filtration 
failure releases will be localized. 
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2.2.1.3.3 Assignment of Risk Bins 

Table 2-8 summarizes the frequency, consequence, and risk bin assignments for the filtration 
failure representative accident. The assignment of risk bins is derived from the consequences 
and estimated frequency of the accident. The risk bin for the onsite radiological and offsite 
toxicological receptors is I11 because the consequences are “low” and the estimated frequency is 
“anticipated.” The risk bin for the onsite toxicological receptor is I because the consequence is 
“moderate” and the estimated frequency is “anticipated.” 

2.2.1.4 Associated Hazardous Conditions 

The results of the risk binning process for the hazardous conditions covered by the representative 
accidents in this document are contained within the hazard evaluation database. The hazard 
evaluation database includes the basis for each consequence and frequency. Consensus was 
reached by the risk binning team that all the represented hazardous conditions were bounded by 
the representative accidents. 

The risk binning team considered the process design as well as the consewatisms in the analysis 
when assigning consequence and frequency bins to the other represented hazardous conditions. 
The results are presented with the representative accident in Table 2-8, and are discussed below. 

2.2.1.4.1 Filter Failure Due to High Pressure 

Scenario 

The HEPA filters fail due to an over-pressure event causing a partial release of the maximum 
waste loading on the filters. This is followed by an 8-hr unfiltered release from the DBVS at the 
maximum exhauster flow rate. 

Frequency Determination 

The HEPA over pressure accident is similar to an event believed to have occurred in the past 
when a filter became saturated with moisture and was subsequently damaged when the 
ventilation fans were turned on. The unfiltered release path could occur from several causes, 
including human error during filter maintenance. Therefore, the event is assigned a frequency of 
“anticipated.” 

Consequence Determination 

The consequences of the filter failure due to over-pressure are the same as the consequences of 
filter failure due to high temperature. The 8-hr release following filter failure dominates the 
consequences. Therefore, the onsite radiological consequences and the offsite toxicological 
consequences were assigned to the “low” consequence bin. The offsite toxicological 
consequences were assigned to the “moderate” consequence bin. 
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2.2.1.4.2 Eight-hour Unfiltered Release 

Scenario 

An 8-hr unfiltered release occurs at the maximum exhauster flow rate due to an error during filter 
maintenance, gross leakage around a misaligned filter, or damage to the ductwork. This release 
is also included in the first two scenarios, but in this third scenario there is no release from the 
filters themselves. 

Frequency Determination 

The unfiltered release path could occur from several causes, including human error during filter 
maintenance. Therefore, the event was assigned to the “anticipated” frequency bin. 

Consequence Determination 

The consequences of the two previously discussed filter failure scenarios were dominated by the 
portion of the consequences that came from the 8-hr unfiltered release following the filter failure 
event. Therefore, the consequences of 8 hr of leakage around the filter are essentially the same 
as the consequences of the filter failure scenarios. The onsite radiological and the offsite 
toxicological consequences are in the “low” consequence bin. The onsite toxicological 
consequences are in the “moderate” consequence bin. 
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3.0 CONTROL SELECTION 

The representative accident for release of dried waste from the DWTS was assigned to 
Risk Bin I1 for onsite radiological risk and offsite toxicological risk. The onsite toxicological 
risk was assigned to Risk Bin I. All the hazardous conditions represented by that scenario were 
assigned to Risk Bin I for onsite toxicological risk. The spills and falls from greater than 3 m 
high were also assigned to Risk Bin I1 for the onsite radiological and offsite toxicological risk. 
Potential controls were identified and selected during meetings conducted on 
September 28, 2004, and October 18,2003. Appendix A lists the meeting attendees. 

The representative accident for filtration failure was assigned to Risk Bin I for onsite 
toxicological risk. All the hazardous conditions represented by that scenario were assigned to 
Risk Bin I for onsite toxicological risk. Potential controls were identified and selected by 
consensus as documented in the email from J. P. Hams I11 to the risk binning team, dated 
November 24,2004. A copy of this email is presented in Appendix A. 

3.1 PROPOSED CONTROLS FOR THE RELEASE 
OF DRIED RADIOACTIVE WASTE 
REPRESENTATIVE ACCIDENTS 

For the dried waste release from the DWTS scenarios, a summary of the consequence analysis of 
the representative accident, as well as a discussion of the risk binning results, was presented to 
the control selection team. The group then proposed and discussed potential controls for the 
representative accident. 

For the filtration failure scenarios, it was determined that controls already imposed by another 
control selection exercise (for the release of toxic gases from the off-gas treatment system) 
would adequately address the risk from the postulated filtration failures. Consensus was reached 
via email that no additional control selection exercise need be performed for this set of events. 

3.2 SELECTED CONTROLS FOR THE RELEASE 
OF DRIED RADIOACTIVE WASTE 
REPRESENTATIVE ACCIDENT 

3.2.1 Control Selection 

The proposed controls were discussed and evaluated by the group. Control decision criteria are 
established in the following documents: 

Title 10, Code ofFederal Regulations, Part 830, Subpart B, “Nuclear Safety 
Management” (10 CFR 830) 

DOE-STD-3009-94 
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DOE G 421 .l-2, Implementation Guide for Use in Developing Documented Safety 
Analyses to Meet Subpart B of 10 CFR 830 

DOE G 423.1-1, Implementation Guide for Use in Developing Safety Requirements 

Klein and Schepens (2003). 

The control decision preference can be summarized as follows: 

1. Preventive controls over mitigative 
2. Passive controls over active control 
3. Engineering controls over administrative controls 
4. Controls with the highest reliability 
5. Controls closest to the hazard 
6 .  Controls with the lowest implementation and maintenance costs. 

A consensus was reached based on the judgment of the participants to use a passive confinement 
strategy based on the preferences listed above. The passive confinement strategy maximizes the 
use of passive and engineered controls over active and administrative controls. 

3.2.2 Selected Control Strategies 

3.2.2.1 Release of Dried Waste from the Dried Waste Transfer System 

Credited Design Features for this strategy prevent dried waste releases directly to the 
atmosphere. The waste dryer and connecting lines to the dried waste receiver shall maintain 
their confinement for anticipated environmental and operating conditions. 

Safety-significant SSCs for this accident include: 

HEPA filters (2 in series) in the off-gas treatment line between the dried waste receivers 
and the vacuum pump 

Waste Dryer confinement 

DWTS 

Vehicle impact barriers 

ICV inlet flow indicator (a surrogate for pressure indication in the ICV container) 
interlocked to close the rotary valve between the waste dryer and the elevated dried waste 
receiver. 

Because the accident could be initiated by a seismic event or other natural phenomena hazards, 
the designation of the HEPA filters, the waste dryer and the DWTS includes a performance 
category 2 (PC-2) natural phenomenon hazard (?E”) rating. 

3-2 



RPP-20725 REV 1 

The safety function of the HEPA filters is to provide filtration of fine particulates entrained in the 
dried waste receiver head space during dried waste transfer to the dried waste receiver. In the 
event of a line breach downstream of the vacuum pump, the release will have been filtered by 
both the sintered metal filters and the HEPA filters. The HEPA filters shall provide a minimum 
99.5 % efficiency. 

The safety function of the waste dryer and the DWTS is to maintain primary confinement of the 
dried waste under anticipated accident conditions. 

The safety function of the vehicle impact barriers is to prevent damage to the waste dryer and the 
DWTS from vehicle accidents. 

The safety function of the ICV inlet flow indicator interlock to the rotary valve is to mitigate the 
release by closing off the flowpath from the waste dryer to the dried waste receiver in the event 
of a loss of negative pressure differential with respect to atmosphere in the ICV system. 

In addition to the safety-significant SSCs described above, TSR-level controls are defined to 
prevent or mitigate the release of dried radioactive waste. The TSR controls include a new 
Limiting Condition for Operation (LCO): Flow monitor at the inlet to the ICV (surrogate for 
pressure indication in the headspace of the ICV) and interlock system. 

The safety function of the LCO is to ensure the operability of the ICV monitoring and interlock 
system. The monitoring and interlock system is required to be operable when the waste dryer is 
operating and when dried waste material is being transferred from the waste dryer to one of the 
waste receivers. 

Additional TSR controls include the following administrative controls: 

HEPA filters 33-N02-097 and 33-N02-098 efficiency testing 

Vehicle impact barriers at all locations where a vehicle impact could lead to a spill of the 
dried waste material 

Waste dryer and DWTS containment 

Hoisting and rigging safety management program. 

The HEPA filter control is a new control identified to ensure that air released through a breach in 
the transfer line downstream of the vacuum pump will have previously been filtered with a 
minimum of 99.5% efficiency, thus mitigating any release of dried waste. This control requires 
periodic testing of the HEPA filters’ efficiency to ensure the filters continue to perform their 
safety function. 

The vehicle impact barriers are intended to reduce the frequency of spills of the dried waste 
material. Administrative controls to verify the integrity of the waste dryer containment and the 
DWTS containment will reduce the frequency of releases of dried waste material due to failure 
of the waste dryer. An effective safety management program addressing hoisting and rigging 
will reduce the frequency of spills (or drops) of waste material caused by crane accidents. 
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The controls above were allocated as appropriate to all the associated conditions that were 
identified as requiring controls due to onsite radiological and toxicological consequences from 
the release of dried waste. The safety-significant HEPA filters reduce the consequences of the 
pneumatically transported release to “low” resulting in a Risk Bin 111 assignment with controls. 
The other controls, which are preventative in nature, reduce the frequency of the release of dried 
waste from the DWTS to “extremely unlikely.” The Risk Bin assignment with controls is 
Risk Bin I1 for the waste dryer and DWTS breach scenarios. 

3.2.2.2 Filtration Failure 

The controls selected to be applied to this accident scenario are: 

Safety-significant off-gas exhaust stack. 

Safety-significant off-gas exhaust fan housingsipiping to the exhaust stack 

The safety function of the safety-significant off-gas exhaust fan housingpiping to the exhaust 
stack will be to contain the off-gas radiological and toxicological constituents from the ICV 
container, thus decreasing the frequency of an unfiltered release. 

The safety function of the safety-significant off-gas exhaust stack is to contain the off-gas 
radiological and toxicological constituents from the ICV container and to increase atmospheric 
dispersion of releases, thus decreasing the consequences of an unfiltered release. 

Based on these controls, which are both preventative and mitigative in nature, the consequences 
of the release of dried waste due to filtration failure are reduced to “low,” resulting in a Risk 
Bin I11 assignment with controls. 
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Name 

Kevin Sandgren 

Mark Hasty 

APPENDIX A 

RISK BINNING/CONTROL ALLOCATION MEETING ATTENDEES 

CONTROL DECISION MEETING ATTENDANCE 

Meeting Subject: Release of Dried Waste during DBVS Operations 

Organization Telephone Mail Stop 

CHZM HILL NS&L 372-0374 S7-90 

CHZM HILL Closure 373-9378 
Project 

K. J. McCracken DMJM 375-7875 

Dick Whitehurst I DMJM I 375-7883 I 
Richard DeBusk CH2M HILL - Safety 372-1 155 

J. W. Ficklid 1 CH2M HILL Fac ODs 1 373-3527 I 
John Harris CH2M HILL NS&L 372-1237 S7-90 

Lloyd McClure 

Lawrence J. Kripps 

George Janicek 

D. W. Hamilton 

J. Stephens 

S. D. Kozlowski 

AMEC 942-1292 

CH2M HILL 376.1061 

CH2M HILL - DA 376-2225 S7-12 

CH2M HILL 376-2425 

AMEC 368-7578 

CH2M HILL 373-1360 
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Kevin Sandgren I CI-12\1 HILL NS&L 

CONTROL DECISION MEETING ATTENDANCE 

Meeting Subject: Release of Dried Waste during DBVS Operations 

Meeting Date: 10/18/04 

372-0374 
1 Name I Organization I Teleuhone I 

Stephen Primo CH2M HILL 

Lawrence J. Kripps CH2M HILL 

373-2031 

376-1061 

I David Shuford I CH2M HILL DBVS I 372-0703 I 

D. W. Hamilton I CH2MHILL 

K. J. McCracken I DMJM I 375-7875 

Dick Whitehurst I DMJM I 375-7883 

376-2425 

1 Glyn Jones I AMEC I 250-368-2507 I 
Tom May I CH2MHILL I 372-2493 

John Harris I CH2M HILL NS&L 1372-1237 

1 Mark Lucas I AMEC I 942-1 114 Ext 206 I 

1 George Janicek I CH2M HILL - DA I 376-2225 I 

I Mike Grigsby 1 CH2M HILL I 372-1907 I 
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CONTROL DECISION FOR FILTRATION FAILURE 

From: Harris, John P 111 
Sent: Wednesday, November 24, 2004 10:55 AM 
To: Kripps, Lawrence 3; Grigsby, J M (Mike); Sandgren, Kevin R; Cowley, William L (Bill); Zimmerman, 
Bruce D; Nelson, Robert C; Irby, Dennis H; Shuen, Jian-Shun; Sautman, Mark; Hasty, Mark D; Shuford, 
David H (Dave); Hamilton, Dennis W; Primo, Stephen; lanicek, George P; Guberski, John D; Miera, Felix 
R Jr; DeBusk, Richard E; Butler, Ralph E 111; McAfee, O'Neal; Stevens, Ronald J; 'mark.lucas@amec.com'; 
'kurt.mccracken@dmjm.com'; 'dick.whitehurst@dmjm.com'; 'glyn.jones@amec.com'; 'Antoaneta 
Prljincevic'; 'Iloyd.mcclure@amec.com'; 'tony. heim@amec.com'; 'john.stephens@amec.com'; 
'james.frederickson@dmjm.com'; Brown, Robert L (Radcon); 'john. hammer@amec.com'; Kummerer, 
Maryanne; Higuera, Maurice -1; Marchese, Andrew R; Himes, David A; Danna, Marc; Kozlowski, Stephen 
Subject: RESULTS OF INTERNAL NS&L REVIEW FOR FILTER FAILURE/UNFILTERED RELEASE ACCIDENT 

An internal review of the analysis conducted for the filter failurelunfiltered release accident for the 
Demonstration Bulk Vitrification System (DBVS) was conducted by CH2M HILL Nuclear Safety & 
Licensing, with the following result: 

The scenario involving failure of the main off-gas system filtration resulted in low onsite and offsite 
radiological consequences, but moderate onsite toxicological consequences for a ground-level release 
(Sum of fractions for TEEL-2 of 3.21). Assuming this scenario is "unlikely" places it in Risk Bin I I  without 
controls. Because of this risk bin assignment, controls must be applied to this scenario to lower its risk 
bin. 

The controls recommended by NS&L to be applied to this accident scenario are: 

- Safety-significant off-gas exhaust fan housingslpiping to the exhaust stack 
- Safety-significant off-gas exhaust stack 

The safety function of the safety-significant off-gas exhaust fan housinglpiping to the exhaust stack will be 
to contain the off-gas radiological and toxicological constituents from the ICV container, thus decreasing 
the frequency of an unfiltered release. 

The safety function of the safety-significant off-gas exhaust stack is to contain the off-gas radiological and 
toxicological constituents from the ICV container and to increase atmospheric dispersion of releases, thus 
decreasing the consequences of an unfiltered release. 

This equipment has previously been designated as safety-significant as part of the controls for the NOx 
release accident. No new safety-significant equipment allocations are necessary as a result of this 
accident scenario 

If there any questions or comments on this recommendation, or if any recipient of this message feels that 
a control decision meeting is necessary to finalize these results, please let me know and one will be 
scheduled. Unless such a request is received, the recommended controls will be added to the DBVS 
PDSA currently being prepared. 

John Harris 
CH2M HILL Nuclear Safety 
372-1237 
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APPENDIX B 

RELEASE OF DRIED WASTE SUPPORTING CALCULATIONS 

B1.O INTRODUCTION 

The purpose of this appendix is to provide a basis for the qualitative assessment of consequences 
assigned during the risk binning meeting. Consequences are calculated for the radiological and 
toxicological exposures resulting from a release of dried radioactive waste during Demonstration 
Bulk Vitrification System (DBVS) operations. The hazardous conditions include events 
involving mechanical failures of the Dried Waste Transfer System (DWTS) and Off-Gas 
Treatment System filtration failures. 

B2.0 METHODOLOGY 

Radiological dose exposure consequences are calculated consistent with the methodology 
documented in RPP- 13482, Atmospheric Dispersion CoefJicients and Radiological/Toxicological 
Exposure Methodology for  Use in Tank Farms. The onsite dose (Equation B-1) is given by: 

Dose = (Q, released) (x/Q 3 (BR) (ULD, onsite) 

where: 

Dose 
Q, released = liters of respirable material released to the environment, L 
xIQ’ 
BR = breathing rate, m3/s 
ULD 

= inhalation dose to receptor, Sv 

= atmospheric dispersion coefficient, s/m3 

= dose per unit liter of material inhaled as aerosols, Sv/L. 

The toxicological consequences were calculated per the methodology established in RPP-13482 
for toxicological releases. Toxicological consequences are calculated either with a puff release 
model or a continuous release model depending on the duration of the release. The puff release 
model is used for onsite releases with durations < 3.7 s, and for offsite releases with durations 
< 439 s (RPP-13482). The events considered in this appendix are modeled as continuous 
releases. 
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For a continuous release, the toxicological consequence (Equation B-2) is given by: 

Consequmce = (Q/t)(x/QY(SOF Multiplier) iB-2) 

where: 

Consequence = final sum of fractions value, unitless 
= release to the environment, m3 
= release time, s 
= atmospheric dispersion coefficient, s/m3 

Q 
t 
X ~ Q '  
SOF Multiplier - sum of fractions multiplier, unitless. 

Determining the quantity of airborne respirable material released to the environment requires 
knowledge of the volume that is affected and is provided in Equation B-3: 

Source Term (Q) =(MAR)(DR)(ARF)(RF) 03-3) 

where: 

Q = source term, L 
MAR = material at risk, L 
DR = damage ratio = 1' 
ARF = airborne release fraction 
RF = respirable fraction (not applicable to toxicological consequences) 

*Note: The damage ratio is not used for the scenarios in this appendix so a value of 1 
is applied. 

B3.0 CALCULATIONS 

B3.1 DBVS UNIT LITER DOSE AND SUMS OF FRACTIONS MULTIPLIERS 

Unit liter doses (ULD) and sum of fractions (SOF) multipliers for each Temporary Emergency 
Exposure Limit (TEEL) must be calculated for consequence calculations. DBVS operations will 
mix 8,032 kg of liquid waste with enough soil to produce 4,740 L of dried product. 

The following assumptions apply for the calculation of the ULDs and the SOFs: 

The waste from single-shell tank (SST) 241-S-109 is the only waste expected to be 
processed during DBVS operations. 

DBVS operations will mix 8,032 kg of liquid waste from SST 241-S-109 with enough 
soil to produce 7,009 kg of dried product in each batch. The batch volume is 4.74 m3 or 
4,740 L (RF'P-24517, Supporting Design Information for  Demonstration Bulk 
Vitrification System Prelimina y Documented Safety Analysis). 
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The density ofthe SST 241-S-109 liquid waste is 1.37 g/mL (TWINS database, queried 
September 16,2004). 

It is assumed that the liquid waste entrains as much as 5 vol% of sludge. Undiluted waste 
is assumed as feed to the waste dryer even though an overall fresh water dilution factor of 
3.3711 is expected. 

The input data used are as follows: 

Onsite ULDs for SST 241-S-109 are'taken from RPP-5924, Radiological Source Terms for 
Tank Farms Safety Analysis. 

Waste Type ULD (Sv/L) Basis Tank 
SST Liquid 78 2413-109 
SST Sludge 3.1 io3 241 -S- 109 

SOF multipliers for each TEEL for SST 241-S-109 are taken from RPP-8369, Chemical 
Source Terms for Tank Farms Safety Analyses. 

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

Since the waste is assumed to be 5% sludge and 95% liquid from SST 2413-109, the resultant 
onsite ULD can be found by: 

x 2][ 7 8 9 x  0.95 + 3.1 x IO' 
L 

L 8032kg x ~ 

1.37kg 4740L 

where: 
8,032 kg = mass of liquid waste before drying 

1.37 kg/L = density of liquid waste 

78 SvlL = onsite liquid ULD before drying 

3.1 x lo3 SvIL = onsite sludge ULD before drying 

4,740 L = volume of dried product. 
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Calculating the SOF multipliers: 

TEEL-I SOF multiplier 

L x -)(7.97x10' 1 x 0.95 + 2 . 1 9 ~  IO9 x 0.05)= 1.1 x 109 8032kg x ~ 

1.37kg 4740L 

where: 

7.97 x IOx 

2.19 x IO9 

= liquid TEEL-1 SOF multiplier before drying 

= solid TEEL-1 SOF multiplier before drying 

TEEL-2 SOF multiplier 

L x -)(l,l8x 1 IO' x 0.95 + 3.22 x 10' x 0.05)= 1 . 6 ~  10' S032kg x __ [ 1.37kg 4740L 

where: 

1.18 x 1 Ox 

3.22 x IOx 

= liquid TEEL-2 SOF multiplier before drying 

= solid TEEL-2 SOF multiplier before drying 

TEEL-3 SOF multiplier 

S032kg x ~ L x-)(7.03x106 1 x0.95+2.3OxlO1 xO.05)=9.7x1O6 
1.37kg 47401. 

where: 

7.03 x lo6 

2.30 x IO' 

= liquid TEEL-3 SOF multiplier before drying 

= solid TEEL-3 SOF multiplier before drying. 

B3.2 CONSEQUENCE CALCULATIONS 

B3.2.1 PNEUMATICALLY TRANSPORTED WASTE AND WASTE DROPPED OR 
SPILLED FROM GREATER THAN 3 M HIGH 

The following assumptions are considered for the failure of the transport system during 
pneumatic transport of the waste, and the spill of waste from greater than 3 m high: 

The material acted upon is conservatively assumed to be a full waste dryer batch 
(4,740 L). 

B-4 



RPP-20725 REV 1 

Receptor 

Onsite 
Offsite 

The waste transfer rate is assumed to empty a waste dryer batch 7,009 kg or 4,740 L in 
1 hr (email T. May to J. P. Harris 111, dated November 30, 2004, see Attachment B-1.). 

For the radiological consequence calculation, the relevant xlQs for ground-level releases 
are taken from Tables 2-4 and 2-5 of RPP-13482 and are shown in Table B-1. The 1-hr 
xlQs (i.e. without plume meander) are used for short duration radiological releases 
(<l hr). These xlQ's are for ground-level, point-source releases. The xlQ's are 95' 
percentile worst-case values. 

For the toxicological consequences of the release during pneumatic transport of the dried 
waste, and the spill from greater than 3 m high, a 1-hr x / Q  with plume depletion is 
applied, as discussed in Section 2.3.1 of RPP-13482. The consequence analysis for these 
two cases assumes a particle size distribution taken fkom measurements of Hanford tank 
farms backfill soil as given in PNNL-13757-1, Characterization of Vadose Zone 
Sediment: Uncontaminated RCRA Borehole Core Samples and Composite Samples. 
The data from the 39.5-ft depth (the shallowest of the levels analyzed from the core) were 
used for the analysis. The xlQs from Tables 2-9 and 2-10 of RPP-13482 were applied for 
the fraction of the waste in each bin and subsequently summed. Table B-2 shows the 
particle size distributions and the resulting x/Qs. 

Based on the same tank farm soil characterization data from PNNL-13757-1, about 3% of 
the soil's volume has a diameter of 10 pm or less (RPP-10773, Compressed Gas Accident 
Parametric Consequence Analysis). Therefore, the respirable fiaction, used for the 
radiological consequences of the release of pneumatically transported waste and the 
drops from greater than 3 m is assumed to be 0.03. 

XIQ' (slm3) 

1-hr acute 8-hr acute 
3.28 x 5.58 10.~ 

2.22 x 10-5 7.90 x 

Table B-1 . Ground-Level Atmospheric Dispersion Coefficients Over All Sectors. 
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Table B-2. Atmospheric Dispersion Coefficients for Plume Depletion. 
Onsite 

Particle size bin 

Offsite 

+ 20-50 

s/m3 

Total x / Q  

s/m3 s/m3 s/m3 

0.65 

Fraction of Bin Bin 
particles in I x/Q‘t: the I Fraction x bin I x’Qtti the I Fraction x bin 1 

the bin xlQ’ x / Q  

0.00 0.00 0.00 0.00 
.. 

. . . . . . . . ~ ~~~~ ~ ~ ~ ~~ ~~ ~~~~~~~ 

0.01 I 2.71 x 10.’ I 2.71 10.~ 1 8.86 x I 8.86 x 10.’ 
0.01 I 2.11 x 10-2 I 2.11X1O4 I 3 . 6 2 ~  I 3.62 x 10.’ 

_ _  1 2.32 10.~ I .. I 6.81 10.’ 

0.06 I 1 . 3 8 ~  10” I 8 . 2 8 ~  lo4 1 1.61 x I 9 . 6 6 ~  10.’ 1 
I I 

0.2s I 1.43 10” I 3 . 5 8 ~ 1 0 ~  1 6.28 x 10.’ I 1.57 x 10.’ 

B3.2.1.1 Onsite Radiological Consequences 

The onsite dose is found using the methodology in RPP-13482. The dose is given by 
Equation B- 1 : 

Donsite = (Q, released)(x/Q’,,,itd(BR)(ULD,,,itd 
where: 

Q, released = liters of respirable material released to the environment (L) 
= MARxDRxARFxRF 
= (4,740 L)(1)(1)(0.03) 
= 142L 
= onsite atmospheric dispersion coefficient 
= 3.28 x 10.’ s/m3 

x/QLn3ite 

BR = breathing rate 

ULDonsite 

4 3  = 3.33 x 10 m /s 
= onsite ULD (calculated above) 
= 280Sv/L. 

The onsite dose for pneumatically transported waste is: 

Donsite = (142 L)(3.28 x s/m3)(3.33 x 10 4 3  m /s)(280 SdL) = 0.43 Sv 

= 43rem 
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B3.2.1.2 Onsite Toxicological Consequences 

The toxicological consequences are calculated per the methodology established in RPP-13482. 
The onsite toxicological consequences are determined by Equation B-2: 

Onsite Consequence = (Q/t)(x/Q’,,,,,td(SOF Mulliplier) 

where: 

Consequence = final sum of fractions value, unitless 
Q/f = rate of release to the environment, 1.3 x 10‘ m i s  
xIQ’ = onsite atmospheric dispersion coefficient with plume depletion 

= 2.32 x 10” s/m3 
SOF Multiplier = sum-of-fractions multiplier, unitless 

3 3  

The rate of release to the environment can be calculated based on the mass flow rate of 
pneumatically transported waste assuming a guillotine type break in the exhaust line from the 
vacuum pump using the transportability factor from above: 

m 3  m 3  
hr 3600s lOOOL S 

x ~ = 1.3 x lo-’ - 4740L hr 
-X- 

The onsite moderate toxicological consequence, based on the TEEL-2 SOF multiplier calculated 
in Section B3.1, is: 

3 3  Onsite Consequence(moderute) = (1.3 x 10- m /s)(2.32 x 10.’ s/m3)(1.6 x 10’) = 480 

where: 

1.6 x 10’ = TEEL-2 SOF multiplier 

The onsite high toxicological consequence, based on the TEEL-3 SOF multiplier calculated in 
Section B6.1, is: 

Onsite Consequence(high) = (1.3 x m3/s)(2.32 x 10” s/m3)(9.7 x lo6) = 29 

where: 

9.7 x lo6 

B3.2.1.3 Offsite Toxicological Consequences 

The offsite toxicological consequences are determined similarly: 

= TEEL-3 SOF multiplier. 

Consequence = (Q/t)(x/Q 3 (SOF Multiplier) 
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where: 

Consequence = final sum of fractions value, unitless 
Q/t = rate of release to the environment, 1.3 x 10.’ m’/s 
x/Q’ = offsite atmospheric dispersion coefficient with plume depletion 

= 6.81 x lo7  s/m3 
SOF Multiplier = sum-of-fractions multiplier, unitless. 

The offsite moderate toxicological consequence, based on the TEEL-1 SOF multiplier calculated 
in Section B6.1, is: 

Offsite Consequence(moderate) = (1.3 x 10- m /s)(6.81 x lo-’ s/m3)(l.l x 10’) = 0.97 3 3  

where: 

1.1 x 10’ = TEEL-1 SOF multiplier 

The offsitc high toxicological consequence, based on the TEEL-2 SOF multiplier calculated in 
Section B6.1, is: 

Offsite Consequencefhigh) = (1.3 x m3/s)(6.81 x 10.’ s/m3)(1.6 x 10’) = 0.14 

where: 

1.6 x 10’ = TEEL-2 SOF multiplier. 

B3.2.2 SPILLS AND FALLS OF DRIED WASTE OF LESS THAN 3 M 

This case is based on a free-fall spill of the dried waste from a container other than the dried 
waste receiver (e.g., the waste dryer). The consequences consist of two components: the aerosol 
generated by the spill and the subsequent entrainment from the resultant heap of waste, because 
not all of the material is made airborne. 

The assumptions and input data relevant to this scenario are: 

The material at risk (MAR) is a full waste dryer batch of dried waste, or 4,740 L. It is 
assumed that a breach of the waste dryer would empty the full contents of the waste dryer 
in 10 min. 

The airborne release fraction (AFW) for spilled waste is 2 x 10” for free-fall spill of 
cohesionless powders with a fall distance of less than 3 m (DOE-HDBK-3010-94, 
Airborne Release FractiondRates and Respirable Fractions for  Nonreactor Nuclear 
Facilities, Sections 4.0 and 4.4.3). 
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The airborne release rate (ARR) for aerodynamic entrainment and resuspension of a 
homogeneous bed of powder exposed to ambient conditions is 4 x 
(DOE-HDBK-3010-94, Sections 4.0 and 4.4.3). 

The RF (only used for radiological consequences) is 0.03 from WP-10773 for when all 
of the material is made airborne (pneumatically transported waste and spills of 30 ft or 
more), based on the particle size distribution of the tank farms soil. 

The RF (only used for radiological consequences) is 1.0 for aerodynamic entrainment and 
resuspension of a homogeneous bed of powder exposed to ambient conditions 
(DOE-HDBK-3010-94, Sections 4.0 and 4.4.3). 

The x/Q for the calculation of the radiological consequence of the release from the initial 
spill is the 1-hr x/Q given in Table B-1. The radiological consequence calculation of the 
resuspension and entrainment release uses the 8-hr x/Q. 

The 1 -hr x/Q’s are also used for calculating the toxicological consequences of both the 
initial spill and the resuspension and entrainment. 

hr-’ 

B3.2.2.1 Onsite Radiological Consequences 

The onsite dose for a free-fall spill of cohesionless powder from less than 3 m high is found 
using the methodology in WP-13482. The onsite dose from the impact of the spilled material on 
a surface is given by Equation B-1: 

D = (Q, releused)(x/Qy(BR)(ULD) 

where: 

Q, released = liters of respirable material released to the envirbnment (L) 
= M A R x D R x A R F x R F  
= (4740 L)(1)(2 x 10”)(0.3) 
= 2.8 L 
= onsite atmospheric dispersion coefficient 
= 3.28 x s/m3 

= 3.33 x 10- m /s 
= onsite ULD, calculated in section B6.1 
= 280Sv/L. 

x/Q’ 
BR = breathing rate 

ULD 

4 3  

The onsite dose for the impact of the spilled material on a surface is: 

Drpi~i = (2.8 L)(3.28 x 10.’ s/m3)(3.33 x 10 m /s)(280 Sv/L) = 8.6 x IO” Sv 

= 0.86rem 

4 3  
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The onsite dose for entrainment and resuspension can be found similarly using the ARR: 

Dentrainmen, = (Q, released)(x/Q~(BR)(ULD) 

where: 

Q, released = liters of respirable material released to the environment (L) 
= MAR x DR x ARR x RF x release time 
= (4,740 L)(1)(4 x 
= 1.5L 
= onsite 8-hr atmospheric dispersion coefficient 
= 5.58 x lo” s/ml 
= breathing rate 
= 3.33 x 10‘ m /s 
= onsite ULD, calculated in section B6.1 
= 280Sv/L. 

h-’)(1.0)(8 h) 

x/Q’ 
BR 

ULD 

4 3  

The onsite dose due to entrainment is: 
4 1  Dentramme,,( = (1.5 L)(5.58 x lo” s/m1)(3.33 x 10 m /s)(280) = 7.8 x 

= 0.078 rem 

Sv 

The total onsite dose is the sum of the dose due to the free-fall spill and the entrainment from the 
unconfined powder: 

Dose = Dsp,ri + Denlrammenl 

Dose = 0.86 rem + 0.078 rem = 0.94 rem 

B3.2.2.2 Onsite Toxicological Consequences 

The onsite toxicological consequences are determined by: 

Consequence,;ll = (Q/t)(x/QY(SOF Multiplier) 

where: 

Consequence 
Q/t 

= final sum of fractions value, unitless 
= rate of release to the environment (m3/s) 
= MAR/t x DR x ARF x RF x conversion factor 
= (4,740 W10 min)(l)(2.0 x 10-3)(1) / [(l,OOO L/m3)(60 dmin)] 

= onsite atmospheric dispersion coefficient 
= 3.28 x 10.’ s/m3 

= 1.6 x m3/s 
XlQ’ 

SOF Multiplier = sum-of-fractions multiplier, unitless. 
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The oilsite moderate toxicological consequence for a spill, based on the TEEL-2 SOF multiplier 
calculated in Section B6.1 is: 

5 3  Consequence,i/, = (1.6 x 10- m /s)(3.28 x s/m3)(1.6 x lo8) = 84 

where: 

1.6 x lo8 = TEEL-2 SOF multiplier, 

The onsite high toxicological consequence for a spill, based on the TEEL-3 SOF multiplier 
calculated in Section B3.1, is: 

Consequencespi,/ = (1.6 x 10'' m3/s)(3.28 x s/m3)(9.7 x lo6) = 5.1 

where: 

9.7 x IO6 = TEEL-3 SOF multiplier 

The onsite consequence for entrainment and resuspension can be found similarly using the ARR: 

Consequence,,,,j,,,,, = (Q/t)(x/Q?(SOF Multiplier) 

where: 

Consequence = final sum of fractions value, unitless 
Q/t = rate of release to the environment (m3/s) 

= MAR x DR x ARR x RF x conversion factor 
= (4,740 L)(1)(4 x 
= 5.3 x 10- m /s 
= onsite atmospheric dispersion coefficient 
= 3.28 x s/m3 

hY')(l) / [(1,000 L/m3)(3,600 s h ) ]  
8 3  

x/Q' 

SOF Multiplier = sum-of-fractions multiplier, unitless. 

The onsite moderate toxicological consequence for entrainment, based on the TEEL-2 SOF 
multiplier calculated in Section B3.1, is: 

8 3  Consequence~~,,i,,,t= (5.3 x 10- m /s)(3.28 x 

where: 

s/m3)(l.6 x 10') = 0.28 

1 . 6 ~  lo8 = TEEL-2 SOF multiplier 

The onsite high toxicological consequence for entrainment (based on the TEEL-3 SOF 
multiplier) is: 

Consequence,,t,,~ment = (5.3 x m3/s)(3.28 x s/m3)(9.7 x lo6) = 0.017 
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The overall onsite toxicological consequences can be found by summing the contribution of the 
free-fall spill with the subsequent entrainment and resuspension. 

The total onsite moderate toxicological consequence (based on TEEL-2) is: 

Consequence = 84 + 0.28 = 84 

The total onsite high toxicological consequence (based on TEEL-3) is: 

Consequence=5.1 +0.017=5.1. 

B3.2.2.3 Offsite Toxicological Consequences 

The offsite toxicological consequences are determined similarly: 

Consequence = (Q/t) (,y/Q 3 (SOF Multiplier) 

where: 

Consequence = final sum of fractions value, unitless 
= rate of release to the environment (m3/s) 
= MAR/t x DR x A R F x  RF 
= (4,740 L/10 min)(l)(2.0 x lO”)(l) / [(1,000 L/m3)(60 slmin)] 
= 1.6 x 10-j m3/s 
= offsite atmospheric dispersion coefficient 
= 2.22 x 1O-j  s/m3 

Q/t 

x/Q 
SOF Multiplier = sum-of-ffactions multiplier, unitless. 

The offsite moderate toxicological consequence for a spill (based on the TEEL-1 SOF multiplier) 
is: 

5 3  Consequence,;,! = (1.6 x 10- m /s)(2.22 x s/m3)(l.l x lo9) = 0.39 

I where: 

1.1 io9 = TEEL-1 SOF multiplier. 
I 

The offsite high toxicological consequence for a spill (based on the TEEL-2 SOF multiplier) is: 

Consequence,,,; = (1.6 x 10.’ m3/s)(2.22 x 10.’ s/m3)(1.6 x 10’) = 5.7 x 10.’ 

where: 

1.6 x 10’ = TEEL-2 SOF multiplier. 
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The offsite consequence for entrainment and resuspension can be found similarly using the ARR: 

= (Qh) (‘Q 3 (SOF Multiplier) 

where: 

Consequence = final sum of fractions value, unitless 
Q/t = release to the environment (m3/s) 

= MAR x DR x ARR x R F x  conversion factor 
= (4,740 L)(1)(4 x 
= 5.3 x 10- m /s 
= offsite atmospheric dispersion coefficient 
= 2.22 x 10 .~  s/m3 

hf’)(l) / [(1,000 Wm3)(3,600 s/h)] 
8 3  

x/Q’ 
SOF Multiplier= sum-of-fractions multiplier, unitless. 

The offsite moderate toxicological consequence for entrainment (based on the TEEL-1 SOF 
multiplier) is: 

8 3  
= (5.3 x 10- m /s)(2.22 x 10.~ s/m3)( 1.1 x io9) = 1.3 x 10” 

where: 

1.1 io9 = TEEL-1 SOF multiplier. 

The offsite high toxicological consequence for entrainment (based on the TEEL-2 SOF 
multiplier) is: 

8 3  Consequence,,t~~,,,wt = (5.3 x 10- m /s)(2.22 x 10.’ s/m3)(1.6 x lo8) = 1.9 x lo4 

where: 

1.6 x lo8 = TEEL-2 SOF multiplier. 

The overall offsite toxicological consequences can be found by summing the contribution of the 
free-fall spill with the subsequent entrainment and resuspension. 

The total offsite moderate toxicological consequence (based on TEEL-1) is: 

Consequence = 0.39 + 1.3 x 10” = 0.39 

The total offsite high toxicological consequence (based on TEEL-2) is: 

Consequence = 5.7 x 10.’ + 1.9 x los4 = 5.7 x 
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B3.2.3 FILTRATION FAILURES 

Filtration failure scenarios considered are: 

High-efficiency particulate air (HEPA) filter failure due to high temperature, 

HEPA filter failure due to high pressure, and 

Leakage around HEPA filters due to maintenance failure, misaligned filter, or damage to 
ductwork. 

The following assumptions and input data apply to the filter failure scenarios: 

The exhaust HEPA filter loading for the DBVS off-gas system is 1 L of dried waste 
based on filter plugging data. Prefilters are assumed to be loaded with 10% of the 
maximum waste on a HEPA filter. 

The maximum 1291 loading on the activated carbon filter is assumed to be the total release 
from the processing of 100 waste containers with no credit for the off-gas scrubbers. 

Both first and second stage HEPA filters, prefilters, and the activated carbon filter are 
assumed to have a high waste loading and are assumed to be involved in a filter failure 
accident. 

The assumed maximum filter loadings take no credit for the Off-Gas Treatment System. 
During normal design operation of the DBVS the loadings on all the exhaust filters would 
be negligible over the life of the facility. 

The activated carbon filter is assumed to burn up in the high temperature accident, 
releasing 100% of its 1291 loading. In the high pressure accident, the effect of the '291 on 
the carbon filter is negligible compared to the other components of the release. 

The throughput of material into the outlet filtration system is assumed to be equal to the 
dust generation rate during the In-Container Vitrification container filling operation. 

For purposes of estimating toxicological release rates, the filter releases from the over 
pressure event are assumed to be complete in less than 1 min. 

For purposes of estimating toxicological release rates, the filter releases from the over 
temperature event are assumed to occur over a period of 15 min. 

Release fractions from HEPA filters failed by over pressure or high temperature events 
are 2 x 1 0-6 and 1 x 1 0-4, respectively as recommended in DOE-HDBK-3010-94. 
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Receptor 

Onsite 

B3.2.3.1 EIGHT-HOUR UNFILTERED RELEASE 

The dust effluent from the container loading operation is assumed to be characterized by 
stream 18 (dust recycle) on Drawing F-145579-00-A-0022 (WP-24517). The dust generated by 
the process is assumed to be equal to the recycle rate given as 2.27 k g h  of dried waste with a 
bulk density of 1.5 kg/L. On a volumetric basis the dust flow rate is then 1.5 1 L/h or 
4.2 x lo-’ m3/s. The 8-hrrelease would then be 12.1 L. For purposes of this analysis it is 
assumed that the dust flow rate into the filters is proportional to the air flow rate. 

B3.2.3.1.1 Onsite Radiological Consequences 

The resulting radiological dose due to the 8-hr continuous releases from the vitrification 
container fill operation with no filtration is shown below. Note that these doses assume a 
continuous, nonstop fill operation. In reality, the fill operation would alternate with vitrification 
of batches of material in the container. 

The onsite dose is found using the methodology in RPP-13482. The dose is given by 
Equation B-l : 

Do,,,le = (Q, reieased)(x/Q6,,,1,)(BR)(ULD,,,,1~ 

where: 

Q, released = liters of respirable material released to the environment (L) 

X / Q ~ , , , ~ ~  

BR = breathing rate 

ULD,,,,,, 

= 12.1 L 
= onsite eight hour atmospheric dispersion coefficient 
= 5.58 x 10” s/m3 

= 3.33 x m3/s 
= onsite ULD (calculated above) 
= 280Sv/L. 

8-Hr Release 
Release Dose 

(L) (SV) (rem) 
12.1 6.3 10.’ 0.63 

The dose is calculated as follows: 

5.58xlO-’s 3.33x104m’ 280Sv lOOrem 12.1Lx X X- X = 0.63rem 
m3 S L sv 
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B3.2.3.1.2 Toxicological Consequences 

The toxicological consequences are calculated per the methodology established in WP-13482. 
The onsite toxicological consequences are determined by Equation B-2: 

Onsite Consequence = (Q/t)(xlQ'o,,,d(SOF Multiplier) 

where: 

Consequence = final sum of fractions value, unitless 
Q/t = rate of release to the environment, 4.2 x 10- m i s  
xIQ' = onsite 1 -hr atmospheric dispersion coefficient 

= 3.28 x 10.' s/m3 
SOF Multiplier = sum-of-fractions multiplier, unitless. 

7 3  

The onsite moderate toxicological consequence, based on the TEEL-2 SOF multiplier calculated 
in Section B6.1, is: 

I 3  Onsite Consequence(moderate) = (4.2 x 10- m /s)(3.28 x 10.' s/m3)(l.6 x lo8) = 2.2 

where: 

1.6 x 10' = TEEL-2 SOF multiplier 

The onsite high toxicological consequence, based on the TEEL-3 SOF multiplier calculated in 
Section B6.1, is: 

Onsite Consequence(high) = (4.2 x m3/s)(3.28 x lo-* s/m3)(9.7 x lo6)= 0.13 

where: 

9.1 x lo6 = TEEL-3 SOF multiplier 

The offsite toxicological consequences are determined similarly: 

Consequence = (Q/t)(x/Q?(SOF Multiplier) 

where: 

Consequence 
Q/t 
xIQ' 

SOF Multiplier = sum-of-Eractions multiplier, unitless. 

= final sum of fractions value, unitless 
= rate of release to the environment, 4.2 x 10- m /s 
= offsite 1-hr atmospheric dispersion coefficient 
= 2.22 x 10.~ s/m3 

7 3  
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Receptor 

Onsite 

Offsite 

The offsite moderate toxicological consequence, based on the TEEL- 1 SOF multiplier calculated 
in Section B6.1, is: 

Offsite Consequence(m0derute) = (4.2 x lo-’ m3/s)(2.22 x s/m3)(l.l x IO9) = 0.010 

where: 

1.1 io9 = TEEL-1 SOF multiplier 

The offsite high toxicological consequence, based on the TEEL-2 SOF multiplier calculated in 
Section B6.1, is: 

Offszsite Consequence(hzgh) = (4.2 x 10.’ m3/s)(2.22 x 10.’ s/m‘)(1.6 x lo8) = 1.5 x lo” 

where: 

1.6 x 10’ = TEEL-2 SOF multiplier 

The resulting SOFs for the continuous unfiltered release are shown in Table B-4. 

Release Rate (Lls) Sum of Fractions 
2.2 (moderate) 

0.13 (high) 
0.010 (moderate) 

1.5 x (high) 

4.2 x 10“ 

B3.2.3.2 HEPA FILTER FAILURE DUE TO HIGH TEMPERATURE 

The HEPA filter release fraction for the high temperature filter failure scenario is assumed to be 
1 x 
fraction is assumed to also apply to the prefilter and the material in the upstream filtration 
system. 

based on recommendations in Section 5.4.1 of DOE-HDBK-3010-94. This release 

B3.2.3.2.1 Onsite Radiological Consequences 

In the high temperature release scenario, the activated carbon filter is assumed to release 100% 
of its loading of ‘291. The dose conversion factor (DCF) for 
1.89 x 10’ r edCi  for the onsite (collocated worker) receptor (from ICRP 68). 

Doses from 1291 releases, for the filter failure scenarios, are calculated in the same way except 
that the source term, Q, is given in terms of activity (Bq) and the unit dose is given as a dose 
conversion factor, or DCF (SvBq) instead of a ULD. 

129 . I is 5.10 x SvBq or 
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The onsite dose for the release from the filter due to high temperature is found using the 
methodology in RF'P-13482 and is given by Equation B-1: 

D = (Q, released)(x/Qy(BR)(ULD) 

where: 

Q, released = liters of respirable material released to the environment (L) 
= MARxDRxARFxRF 
= (5.2 L)(1)(1 x 10")(1) 

= onsite 1-hr atmospheric dispersion coefficient 
= 3.28 x s/m3 

= 3.33 x 10 .~  m3/s 
= onsite ULD, calculated in section B6.1 
= 280Sv/L. 

= 5.2x ~ o - ~ L  
x/Q ' 
BR = breathing rate 

ULD 

3 . 2 8 ~ 1 0 - ~ s  3 . 3 3 ~ 1 0 - ~ m ~  280Sv lOOrem 5.2 x L x X X- - x -  = 1.6 x rem 
m' S L s v  

129 . The contribution to the dose from the 
1.1 x 

I is calculated by multiplymg the '291 loading, 
Ci by the dose conversion factor, 1.89 x IO5 rem/Ci. The dose from 1291 is 

1 . 8 9 ~  10'rem 3 . 2 8 ~ 1 0 - ~ s  3.33xlO-'mm3 
Ci m3 S 

1.1 x Ci x X X = 2.3 x 10-4rem 

The total onsite radiological consequence is 

Consequence = 1 . 6 ~  10-4rem + 2.3 x 10-4rem = 3 . 9 ~  10"rem 

The onsite radiological dose due to high temperature filter failure are shown in Table B-5 for 
both the dried waste releases from the particulate filters and the 1291 release from the carbon 
filter. 

Table B-5. Radiological Doses from Filter Releases Due to High Temperature 
3 Release from Carbon Filter I 1  Initial Releases from Particulate Filters I 

Receptor Release Dose Release Dose 
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Receptor 

Onsite 

The scenario includes 8 hr unfiltered release through the failed filters. Table B-3 shows the 
radiological doses due to the 8-hr continuous release from the vitrification container fill 
operation with no filtration. Note that these doses assume a continuous, nonstop fill operation. 
In reality, the fill operation would alternate with vitrification of batches of material in the 
container. 

The combined cases are shown in Table B-6. Total doses (particulates + Iz9I) are shown for the 
initial filter failure and then for the combined case that includes the 8 hr of unfiltered release 
(12.1 L of dried waste) f?om the system through the failed filters. 

Initial Release from Filters With 8-hr Unfiltered Release 
Dose Dose 

Release Release 

Particulates Filters + 
(W (rem) (SV) (rem) 

3.9 x l o 6  3.9 6.3 10” 0.63 
duS 1 2 9 ~  12.1 L 

Table B-6. Total Radiological Doses from to Filtration Failure Due to High Temperature. 

B3.2.3.2.2 Toxicological Consequences 

In the case of toxicological exposures, the maximum concentration at the receptor is the 
operative parameter so that the 1-hr x/Q (Le., without plume meander), as shown in Table B-1 is 
used. The release rate Q is given in terms of liters of dned waste released per second averaged 
over a 15-min release time. In evaluating Equation B-2, the release rate must be divided by 
1,000 L/m3 to make the units compatible with the x/Q. The resulting SOFs for the continuous 
unfiltered release are shown in Table B-4. 

Consistent with previous filtration failure analyses for tank farms facilities, it is assumed that the 
release from the filter in the high temperature failure scenario requires at least 15 min so the 
release is averaged over 900 s (15 min). The resulting release rate and SOFs for the filter release 
are shown in Table B-7. The combined case with both the filter release and the unfiltered release 
from the off-gas system is also shown. It is assumed that both releases occur concurrently and 
are thus additive. 

The onsite toxicological consequences are determined by Equation B-2: 

Onsite Consequence = (Q/t)(x/Q’onsi,J(SOF Multiplier) 

where: 

Consequence = final sum of fractions value, unitless 
= rate of release to the environment Q/t 
= (5.2 L)(1 x 104)/(900 s)(l,OOO L/m3) = 5.8 x 10- m /s 

x/Q’ = onsite 1-hr atmospheric dispersion coefficient 
= 3.28 x lo-* s/m3 

SOF Multiplier = sum-of-fractions multiplier, unitless. 

IO 3 
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The onsite moderate toxicological consequence, based on the TEEL-2 SOF multiplier calculated 
in Section B3.1, is: 

Onsite Consequence(moderute) = (5.8 x 10.’’ m3/s)(3.28 x lo-* s/m3)(1.6 x 10’) = 3.0 x 

where: 

1.6 x 10’ = TEEL-2 SOF multiplier 

The onsite high toxicological consequence, based on the TEEL-3 SOF multiplier calculated in 
Section B3.1, is: 

IO 3 Onsite Consequence(high) = (5.8 x 10- m /s)(3.28 x 10” s/m3)(9.7 x lob)= 1.8 x 

where: 

9.7 x 106 = TEEL-3 SOF multiplier 

The offsite toxicological consequences are determined similarly: 

Consequence = (Q/t)(x/Qy(SOF Multiplier) 

where: 

Consequence 
Q/t 
x/Q’ 
SOF Multiplier = sum-of-fractions multiplier, unitless. 

= final sum of fractions value, unitless 
= rate of release to the environment, 5.8 x 10- m i s  
= offsite 1-hr atmospheric dispersion coefficient 
= 2.22 x 10‘~  s/m3 

IO 3 

The offsite moderate toxicological consequence, based on the TEEL-1 SOF multiplier calculated 
in Section B3.1, is: 

Ofsite Consequence(moderute) = (5 .8 x m3/s)(2.22 x s/m3)(l.l x lo9) = 1.4 x 

where: 

1.1 io9 = TEEL-1 SOF multiplier 

The offsite high toxicological consequence, based on the TEEL-2 SOF multiplier calculated in 
Section B6.1, is: 

10 3 Offsite Consequencefiigh) = (5.8 x 10- m /s)(2.22 x s/m3)(l.6 x 10’) = 2.0 x 

where: 

1.6 x 10’ = TEEL-2 SOF multiplier 
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Release from Filter Only 

Release Rate ( W s )  SOF 
Receptor 

Table B-7. Toxicological Sum of Fractions Relative to the Threshold For Moderate 
Conseauence Class for High Temuerature Filter Failure Release Scenario. 

With Unfiltered Release 

Release Rate (L/s) SOF 

Onsite 

Offsite 

3.0 10” 2.2 (moderate) 

1.8  IO-^ 0.13 (high) 

1 . 4 ~  0.010 (moderate) 

2.0 x 10-6 1.5 x (high) 

5.78 10.’ 
5.78 10.’ + 

4.2 x 

Note: 
SOF = s u m  of fractions. 

B3.2.3.3 

The filter release fraction for the high pressure failure scenario is assumed to be 2 x 
recommendations in Section 5.4.2.1 of DOE-HDBK-3010-94. This release fraction is assumed 
to also apply to the prefilter and the material in the upstream filtration system. 

B3.2.3.3.1 Onsite Radiological Consequences 

The onsite dose for the release from the filter due to high pressure is found using the 
methodology in RF’P-13482 and is given by Equation B-1: 

HEPA FILTER FAILURE DUE TO HIGH PRESSURE 

based on 

D = (Q, released)(x/Q?(BR)(ULD) 

where: 

Q, released = liters of respirable material released to the environment (L) 
= MARxDRxARFxRF 
= (5.2 L)(1)(2 x 10.6)(1) 

= onsite 1-hr atmospheric dispersion coefficient 
= 3.28 x lo-* s/m3 

= 3.33 x 10- m /s 
= onsite ULD, calculated in section B6.1 
= 280Sv/L. 

= 1 . 0 ~  ~ o - ~ L  
x/Q1 
BR = breathing rate 

ULD 

4 3  

3 . 2 8 ~ 1 0 - ~ s  3 .33~10-~m’  280Sv lOOrem 1.0 I O - ~ L  X X- X = 3.OxIOPrern 
m3 S L sv 
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Receptor 

Onsite 

Radiological doses due to high pressure filter failure are shown in Table B-8. Doses are shown 
for the initial filter failure and for the combined case that includes the 8 hr of unfiltered release 
from the system through the failed filter. 

Initial Release from Filters Only With 8-br Unfiltered Release 

Release Dose Release Dose 

(L) (SV) (rem) (L) (SV) (rem) 
1 .o 10-5 

1.0 x 10.’ 3.0 x 10.’ 3.0 x 6.3 10” 0.63 
+ 12.1 

Table B-8. Radiological Doses Due to Filtration Failure Due to High Pressure. 

B3.2.3.3.2 Toxicological Consequences 

Consistent with previous filtration failure analyses for tank farms facilities, it is assumed that the 
release from the filter in the high pressure failure scenario requires less than 1 min so the release 
is averaged over 60 s (1 min). The resulting release rate and SOFs for the filter release are 
shown in Table B-9. The combined case with both the filter release and the unfiltered release 
from the off-gas system is also shown. It is assumed that both releases occur concurrently and 
are thus additive. 

The onsite toxicological consequences are determined by Equation B-2: 

Onsite Consequence = (Q/t)(x/QtOnsife)(SOF Multiplier) 

where: 

Consequence = final sum of fractions value, unitless 
= rate of release to the environment Q/t 
= (5.2 L)(2 x 10-6)/(60 s)(l,OOO L/m3) = 1.7 x 10- m is 
= onsite 1 -hr atmospheric dispersion coefficient 
= 3.28 x 10.’ s/m3 

IO 3 

x/Q’ 
SOF Multiplier = sum-of-fractions multiplier, unitless. 

The onsite moderate toxicological consequence, based on the TEEL-2 SOF multiplier calculated 
in Section B6.1, is: 

Onsite Consequence(moderute) = (1.7 x 10- IO m 3 /s)(3.28 x 10.’ s/m3)(1.6 x 10’) = 8.9 x lo4 

where: 

1.6 x 10’ = TEEL-2 SOF multiplieI 

The onsite high toxicological consequence, based on the TEEL-3 SOF multiplier calculated in 
Section B6.1. is: 
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Release from Filter Only 

Onsite Consequence(high) = (1.7 x lo-’’ m3/s)(3.28 x 10” s/m3)(9.7 x lo6) = 5.4 x lo-’ 

where: 

9.7 x lo6 = TEEL-3 SOF multiplier 

The offsite toxicological consequences are determined similarly: 

Consequence = (Q/t) (x/Q 3 (SOF Multiplier) 

where: 

Consequence = final sum of fractions value, unitless 
Q/t = rate of release to the environment, 1.7 x lo-’’ m3/s 
xIQ’ = offsite 1-hr atmospheric dispersion coefficient 

= 2.22 x 10.’ s/m3 
SOF Multiplier = sum-of-fractions multiplier, unitless. 

With Unfiltered Release 

The offsite moderate toxicological consequence, based on the TEEL-1 SOF multiplier calculated 
in Section B3.1, is: 

Offsite Consequence(rnoderute) = (1.7 x lo-’’ m3/s)(2.22 x 10‘’ s/m3)(l.l x lo9) = 4.1 x 

where: 

1.1 io9 = TEEL-1 SOF multiplier 

The offsite high toxicological consequence, based on the TEEL-2 SOF multiplier calculated in 
Section B3.1, is: 

Offsife Consequencefiigh) = (1.7 x lo-’’ m3/s)(2.22 x 10.’ s/m3)(l.6 x 10’) = 6.0 x 

where: 

1.6 x 10’ = TEEL-2 SOF multiplier 

Release Rate (L/s) 

Table B-9. Toxicological Sum of Fractions Relative to the Threshold for Moderate 
Conseauence Class for High Pressure Filter Failure Release Scenario. 

SOF Release Rate (Lk) SOF 

Onsite 

Offsite 

8.9 2.2 (moderate) 
1.73 x 10.’ 

5.4 0.13 (high) 

4.1 x 0.010 (moderate) 
4.2 x lo4 

6.0 x IO” 1.5 x lO’(high) 

- 
1.7 x 10.’ + 

Note: 
SOF = sum of fractions. 
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Calculated dose Case 
(rem) 

43 

0.94 

Release of pneumatically 
transported dried radioactive waste 

Spills and falls of dried radioactive 
waste of less than 3 m 

B4.0 RESULTS 

Table B-10 compares the accident consequences with the onsite radiological risk evaluation 
guidelines. Reviewing the consequences shows that the release of dried radioactive waste 
representative accident is above the onsite radiological guideline for moderate consequences for 
the pneumatic case and the spills from the top of the dried waste receiver, but below the 
moderate consequence guideline for a spill of less than 3 m. 

Moderate 

guideline 
(rem) 

High consequence 
consequence guideline 

(rem) 

25 100 

25 100 

Table B-10. Summary of Onsite Radiological Consequences Without Controls 
for the Release of Dried Radioactive Waste During 

Demonstration Bulk Vitrification System Operdtions. 
Onsite radiological consequences I 

Table B-l 1 compares the accident consequences with the toxicological risk evaluation 
guidelines. Reviewing the consequences shows that the release of dried radioactive waste 
representative accident is above the onsite toxicological guideline for high consequences for the 
pneumatic case. For spills from the top of the dried waste receiver the onsite moderate 
consequence guideline is exceeded. For offsite consequences and for a spill of less than 3 m, the 
consequences are below all guidelines. 
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Table B-1 1. Summary of Toxicological Consequences Without Controls 

Radiological Dose (rem) I 0.63 

r the Release of Dried Radioactive Waste Representative Accident. 

NA 

Radiological Dose (rem) 

Toxicological SOF 
(moderate) 

0.63 NA 

2.2 0.010 

‘l‘oxicological SOF 

Radiological Dose (rem) 

Toxicological SOF 
(moderate) 

(high) 
0.13 1.5 10” 

0.63 NA 

2.2 0.010 

Toxicologica 

Onsite 

mequences 

Offsite 
Moderate High consequence Moderate High consequence cons 

~ 

SOF 
cons6 

SOF 

0.97 

ience 

Guideline 

1 

~ 

hideline I SOF Guideline 

1 

SOF 

0.14 

Guideline 

1 

Release of 
pneumatically 
transported 
dried 
radioactive 
waste 

Spills and falls 
of dried 
radioactive 
waste of less 

Note: 

480 

84 5.7 x 10-2 1 0.39 1 1 

SOF = sum of fractions 

The applicable consequences of the filtration system failure scenarios for the DBVS with no 
credit for the Off-Gas Treatment System are summarized in Table B-12. 

Table B-12. Summary of Consequences of Ventilation System Failure Accidents for the 
Demonstration Bulk Vitrification Svstem. 

Scenario Exposure Type I Onsite Receptor I Offsite Receptor I 
High Temperature Filter 

failure (including 
unfiltered release) 

2.2 0.010 I Toxicological SOF 
(moderate) I 

High Pressure Filter 
Failure (including 
unfiltered release) 

Continuous Unfiltered 
Release (no filter failure) 

Votes: 

1.5 10” I 0.13 
loxicological SUP 

(hieh) I 
NA = not applicable for this analysis 
SOF = sum of fractions relative to moderate consequences. 
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The results in Table B-12 show that, even with no credit for the DBVS Off-Gas Treatment 
System, the direct release of the dust generated by the vitrification container fill operation results 
in low consequence radiological doses for all scenarios. The toxicological consequences rise to 
the moderate level only for the onsite receptor. It is also evident that the consequences from the 
failure of the exhaust filters are negligible compared to the consequences due to direct dust 
release from the fill operation over an 8-hr period. 

The control for mitigating the consequences of the filtration failure includes ensuring that the 
release occurs through the exhaust stack at 100 m high. The onsite x/Q for the elevated release 
is 1.22 x 10“ s/m3 (RPP-23572). When this dispersion coefficient is applied to the onsite 
toxicological consequences, the SOF becomes 8.2 x 
receptors for the mitigated accident are in the “low” consequence bin. 

Thus the consequences for all 

B5.0 REFERENCES 

DOE-HDBK-3010-94, 2000, Airborne Release Fractions/Rates and Respirable Fractions for  
Nonreactor Nuclear Facilities, Change Notice No. 1, U.S. Department of Energy, 
Washington, D.C. 

RPP-5924,2003, Radiological Source Terms for Tank Farms Safety Analysis, Rev. 4, 
CH2M HILL Hanford Group, Inc., Richland, Washington. 

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

RPP-13482,2005, Atmospheric Dispersion Coefficients and Radiological/Toxicological 
Exposure Methodology for  Use in Tank Farms, Rev. 4, CH2M HILL Hanford Group, 
Inc., Richland, Washington. 

RPP-23572,2005, Technical Basis Document for Release of Process Off-Gas with Toxic 
Components, Rev. 0, CH2M HILL Hanford Group, Inc., Richland, Washington. 

RPP-245 17,2005, Supporting Design Information for Demonstration Bulk Vitrification System 
Preliminary Documented Safety Analysis, CH2M HILL Hanford Group, Inc., Richland, 
Washington. 

B-26 



WP-20725 REV 1 

ATTACHMENT B-1 
EMAIL CONCERNING MASS FLOW RATE FROM THE DRYER 

From: May, Thomas H (Tom) 
Sent: Tuesday, November 30,2004 4:38 PM 
To: Harris, John P 111 
Cc: Shuford, David H (Dave) 
Subject: MASS FLOW RATE OF DRIED WASTE TO ICV 

John, 

The mass flow rate of dried product from the dryer to the ICV has not changed even though the dryer 
receiver has shrunk from 500 gallons to a wide spot in the line. The only reference we have is the email 
you already have. 

The flow rate is based on the specification which states that the pneumatic transport system must 
transport one dryer volume of dried waste in one hour. 

Tom May 
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APPENDIX C 

HUMAN FACTORS EVALUATION AND PEER REVIEW CHECKLISTS 
FOR THE DEMONSTRATION BULK VITRIFICATION SYSTEM 

I 

Human Factors Evaluation Checklist. 

Hazard Analysis Titlc. 

Documented Safety 
Ana,,,sis Section Number: 

Demonstration Bulk Vinification System Accidents 

RPP-23429, P r e h i m ~  Documenred Safely A n a l y m  /or  rhe Demonsrrotton 
Bulk Yirrficorion Sysrem, Section 3.3.2.4.7, “Dned Material Release‘’ 

- Signature -__ Print 

‘NO or Unknown. As of this date. the design andlor constmction of the facility is not complete, procedures haw not 
been written, and staffing has not been established. The questions presented in the checklist will be addressed as 
pan ofthe DSA implementation process. 
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I 

CHECKLIST FOR TECHNICAL PEER REVIEW 

Document Reviewed RPP-20725, Release o/Dry Radioacfive Waste Molerials Technical Hmis 
Documcnr, Revision 0. 

Scope of Review (e.8.. document section or portion of calculation): Technical peer review of 
entire document for release of rev. 0. 

Yes No NA’ 
1x1 I 1  [ I  

1 II 
1 I 1  
1 1 1  

1 I 1  

I 1 1  
1 I 1  
1 I 1  

1x1 I I I I 

I X I I I  1 1  

1x1 I I I 1  

I X I I I  1 1  

1x1 I I I 1  

1x1 I I I 1  

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

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

appropriate. (ON’ QAPP criferion 2. X) 
5 .  Necessary assumptions are rcasonablc, rxplicitly stated, and supported. 
(OW Q A P P  criferion 2.2) 

6. Computcr codes and data files are documented. 
7. Dataused in calculations are explicitly stated. 
8. Bases for calculations, including assumptions and data, arc consistent with 

the supponcd safay basis document ( q . ,  the Tank Farms Final Safety 
Analysis Report). 

9. Data wcre checked for consistency with original sourcc information as 
applicable. (OIU’ QAYI’crrlerion 2.9) 

10. For both qualitative and quantitative data. uncertainties are recognized and 
discussed, as appropriate (OW QAPP criferion 2.17) 

I I .  Mathematical derivations were chccked including dimensional consistency 
of rcsults. (OW QAPP ciilerion 2.16) 

12. Models are appropriate and were used within their established range of 
validity or adequate justification was providcd for usc outsidc their 
established rangc of validity 

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

can understand the analysis without requiing outside information. (ON’ 
QAPP cnrerion 2.5) 

15. Sofnvare input is correct and consistent with the documcnt rcvicwed. 
16. S o h a r e  output is consistent with the input and with thc results reported in 

the document reviewed. 
17. Soflware verifiatlon and validation arc addressed adequatcly ((JRP QAI’I’ 

c~ileiion 2.6) 
18. Limitsicriteridguidelines applied to the analysls rcsults arc appropriate and 

referenced. Limitsicritcrialyuidelines wrre checked against references. 
(ORP QAPP criterion 2.9) 

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

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

23. Reference citations (c.g.. title and number) are consistent between the ttxt 

erifarilin 2.3) 

reference list. 

callout and the reference list. 
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I 

1 1 I ] [XI 24. Only released (i.c.. not draft) references are cited (ORPQAI'P crifedun 

[ I  I1 [XI 
I 1  [ I  [XI 
I 1  11 1x1 
[XI I1 I I 
1x1 I1  I I 
I 1  I 1  1x1 
I I I I rxi 
i i  i l  ixl 

2. 1) 
25 ,  Referenced documents are retrievable or othcnvise available. 
26. The most m c n t  version of each refcrcncc is cited. as appropriate. 

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

29. All acronyms arc spelled out the first time thcy are used. 
30. The Table of Contents is correct. 
3 I .  All figure, tabll;, and section callouts are Cormt. 
32. Unit conversions are correct and consistent. 
33. The number of significant digits is appropriate and consistent. 
34. Chemical reactions are correct and balanced. 
35. All tables are formatted consistently and are free of blank cclls. 
36. Thc document is complete (pages. attachments, and appendices) and in the 

37. The document is freeoftypographical crrors. 
38. The tables are internally consistenr. 
39. The document was prepared in 3mrdancz with HNF-2353, Section 4.3. 

Attachment B. "Calculation Note Format and Prcmration Instructions". 

(OW QAPP crilerion 2. I )  

arc cited 

proper order. 
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APPENDIX D 

CONTACT-HANDLED TRANSURANIC MIXED WASTE PACKAGING UNIT 
FACILITY ANALYSIS 

D1.O BACKGROUND 

D1.1 OVERVIEW 

The Contact-Handled Transuranic Mixed (CH-TRUM) Waste Packaging Unit (WPU) is a 
supplemental technology developed by CH2M HILL to receive, dry, and package CH-TRUM 
waste from tank farm single-shell tank (SST) systems. 

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

D1.2 SYSTEM DESCRIPTION 

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

The WPU is sized to process 1.4 million gal 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 operational 
throughput capacity of the system will be 10,000 gal/day of diluted (nominal 1:l dilution) tank 
waste although the system will be designed to handle 12,000 gallday. 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 slurry is dried to a target weight percent water in the waste dryer. A batch of the dned 
material, enough to fill a 55-gal drum to 85% capacity, is fed through the spherical cone valve at 
the waste dryer discharge and metered by a rotary valve into the hopper. Once the requisite 
amount of dried waste has been fed to the hopper, the cone valve is closed and the rotary valve 
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stopped. Subsequently, another cone valve and rotary valve pair at the outlet to the hopper meter 
the dried waste into the drum. 

The hopper and the lower part of the discharge chute, including the lower cone and rotary valves, 
are contained in a ventilated space with gloved ports for installing and deinstalling the 
connection of the bag to the discharge chute. The drum is sealed to the bottom of this 
confinement box prior to connecting the bag to the discharge chute. Once the drum is installed, 
it becomes part of the secondary confinement during filling operations. 

After the requisite amount of dried waste has been delivered into the bag, the operators cut the 
bag below the discharge chute, close off the top, fold the top into the drum and swipe the outside 
of the bag for spreadable contamination. The drum is then decoupled from the confinement box 
and lowered onto a wheeled dolly. The steel lid is replaced on the bottom of the confinement 
box to close off the hole. The drum on the dolly is then rolled out into the lidding area, the lid 
and ring are installed and the ring tightened, and the drum is given a final swipe for spreadable 
contamination. 

An estimated 7,550 55-gal drums (RPP-20499, System Design Description for the Contact- 
Handled Transuranic Mixed Waste Packaging Unit and Support Equipment Project) will be 
filled for final disposal at the WPP.  The condensate resulting from the dryer operation will be 
sent to the Effluent Treatment Facility by tanker truck or returned to the WRS. The operating 
mission is expected to be completed in approximately 1 yr after startup. 

D1.3 REPRESENTATIVE ACCIDENTS 

Hazardous conditions were identified that potentially could not be represented by an established 
representative accident (RPP-23479, Preliminary Documented Safety Analysis for  the Contact- 
Handled Transuranic Mixed (CH-TRUM) Waste Facility). These hazardous conditions were all 
related to postulated dry material releases from the Dewatering System (DWS), the Waste 
Packaging System (WPS) or the Off-Gas Treatment System (OGTS). The release of dried 
radioactive waste materials representative accident qualitatively considered in this technical basis 
document is a failure of the dried material conveyance system, which results in the release of 
dried waste to the atmosphere. This condition was selected since the potential drop heights from 
the DWS bound those of the WPS. 

D1.3.1 Associated Hazardous Conditions 

In addition to the hazardous conditions that define the representative accident, the hazard 
evaluation database lists other hazardous conditions that are characterized by the representative 
accident. The conditions include release of dried solids from the WPS, release of dried solids 
from the waste dryer, release of dried solids from the containment box due to a failed or missing 
seal to the 55-gal drum, release of dried solids due to drum spill before the lid is installed, spill of 
waste from the waste dryer through the waste conveyance system to the WPU floor (drum not 
present and waste conveyance valves not present or not closed), release of dried waste from the 
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WPS due to a failed or missing seal to the 55-gal drum, release of dried waste from the WPS due 
to the drum not being in place (operator error), a small fire (e.g., resulting from a vehicle impact 
or a hydraulic system leak) that causes weakening and failure of the waste dryer steel 
superstructure resulting in a fall of dned waste from greater than 3 m, and release of dried solids 
from the OGTS due to filtration failure. 

D2.0 RISK BINNING EVALUATION 

During meetings conducted January 27,2005, and February 16,2005, consensus was obtained 
on the assignment of frequencies, consequences, and controls. The meeting attendees 
represented a wide range of expertise in the areas of engineering, licensing, and operations. 
Appendix E lists the meeting attendees. The risk binning results for scenarios considered in this 
document are shown in Table D2-1. 

D2.1 REPRESENTATIVE ACCIDENT: FAILURE OF WASTE DRYER OR DRIED 
WASTE CONVEYANCE SYSTEM WITH FALL HEIGHT GREATER THAN 3 M 

Accident Scenario 

As part of the CH-TRUM WPU, waste will be dried and packaged in 55-gal drums for disposal 
at the WIPP. Dried waste is transferred from the dryer to the WPS via the waste conveyance 
system. Each dryer is mounted on a steel superstructure directly over its respective WPS with 
the bottom of the dryer approximately 18 ft above grade level. In the accident scenario, solids 
are released to drop on the ground from a failure in the waste conveyance system. The release 
could occur at any point between the dryer and the 55-gal drum. The result is release of the dried 
material to the atmosphere. It is conservatively assumed that there is no confinement and the 
solids move as a free-flowing powder. 

Frequency Determination 

Failure of the dried material conveyance system could be the result of one of several possible 
causes, including vehicle impacts, a seismic event, manufacturing defects, small fire, or 
installation errors. The design basis earthquake has a return period that puts it in the “unlikely” 
frequency range. Failures due to manufacturing defects or installation errors are judged to be 
“unlikely” because the equipment will be new, and the facility has a limited operating life. 
Additionally, all systems will be tested during startup prior to operating with the tank waste. 
Even though vehicle accidents are considered anticipated events, the dried material conveyance 
system is in a location that is relatively inaccessible by vehicle traffic. Therefore, the event was 
assigned a frequency bin of “unlikely.” 
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Consequence Determination 

To provide an estimate of the radiological and toxicological consequences, scoping calculations 
were performed that are documented in Appendix F. The accident scenario, without controls, 
assumes failure of the dried material conveyance system that is used to transport the dried waste 
from the DWS to the plastic liner of a 55-gal drum. The waste is spilled from the dried material 
conveyance system to a hard, unyielding surface open to ambient conditions. 

The spill is assumed to contain a complete dryer batch (6,120 L) of dried sludge from the 
bounding CH-TRUM tank. The waste is assumed to be dried to 0 wt% water instead of the 
planned 3-20 wt% water. This assumption maximizes the unit-liter dose (ULD) for the dried 
waste. 

The radiological ULDs for the CH-TRUM tank waste were taken from RPP-5924, Radiological 
Source Termsfor Tank Farms Safety Analysis, and the toxicological sum of fraction (SOF) 
multipliers were taken from RPP-8369, Chemical Source Terms for Tank Farms Safety Analyses. 
The atmospheric dispersion factors are from RPP-13482, Atmospheric Dispersion Coefficients 
and Radiological and Toxicological Exposure Methodology for  Use in Tank Farms, and the 
airborne release fraction, respirable fraction, and airborne release rate are from 
DOE-HDBK-3010.94, Airborne Release FractiondRates and Respirable Fractionsfor 
Nonreactor Nuclear Facilities. 

A complete list of the analysis assumptions, the potential effect of changes in the assumption, 
and the need to evaluate or protect the assumptions are presented in Table D2-2. 

Assignment of Consequence Bins 

Although the evaluation of consequences was intended to be qualitative, the radiological and 
toxicological characteristics of the CH-TRUM material at risk (MAR) are significantly different 
from those of previous analyses of releases of dried radioactive waste powder. Therefore, the 
previous analyses did not provide a frame of reference for the qualitative judgment. Therefore, 
the consequences were estimated based on scoping calculations shown in Appendix F. 

Tables D2-3 and D2-4 compare the calculated consequences of the representative accident to the 
radiological and toxicological risk evaluation guidelines. The onsite radiological consequences 
were above both the 25 rem guideline and the 100 rem guideline; therefore, they were assigned 
to a consequence bin of “high.” Both, the onsite and offsite toxicological consequences were 
shown to be above both the “moderate” and the “high” guidelines and were assigned to a 
consequence bin of “high.” 
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Case 

Release of dned radioactive waste 
materials 

Table D2-3. Summary of Onsite Radiological Consequences Without Controls 
for the Release of Dried Radioactive Waste Materials Reuresentative Accident. 

Onsite radiological consequences - 

High consequence 
guideline 

Moderate 

guideline 
Calculated dose consequence 

(rem) (rem) 
(rem) 

1,300 25 100 

Case 

Release of 
dried radio- 
active waste 
materials 

Table D2-4. Summary of Toxicological Consequences Without Controls 
for the Release of Dried Radioactive Waste Materials Representative Accident. 

Onsite Offsite 

High consequence Moderate consequence High consequence Moderate 
consequence 

SOF Guideline SOF Guideline SOF Guideline SOF Guideline 

3,800 1 2,300 1 7.9 1 2.6 

Toxicological Consequences I 

-1 
Note: 

SOF = sum of fractions 

Assignment of Environmental Consequences 

An environmental consequence of E3 was assigned since a discharge of 6,120 L of powder was 
shown to have the potential for offsite discharge. 

Assignment of Risk Bins without Controls 

Table D2-1 summarizes the frequency, consequence, and risk bin assignments for the release of 
dned radioactive waste materials representative accident. The assignment of risk bins is derived 
from the consequences and estimated frequency of the accident. The risk bin for the offsite 
toxicological receptor is I because the consequence is “high” and the estimated frequency is 
“unlikely.” The risk bin for the onsite toxicoloDca1 receptor is I because the consequence is 
“high” and the estimated frequency is “unlikely.” The onsite radiological risk bin is I due to the 
“high” consequences and “unlikely” frequency. 
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D2.2 RELEASE OF DRIED RADIOACTIVE 
WASTE MATERIALS ASSOCIATED 
HAZARDOUS CONDITIONS 

The results of the risk binning process for the hazardous conditions covered by the representative 
accident in this document are contained within the hazard evaluation database. The hazard 
evaluation database includes the basis for each consequence and frequency. Consensus was 
reached by the risk binning team that all the represented hazardous conditions were bounded 
with respect to consequences by the representative accident. However, the frequencies of the 
represented hazardous conditions were generally higher. 

In addition to the hazardous conditions that define the representative accident, the hazard 
evaluation database lists other hazardous conditions that are characterized by the representative 
accident. These conditions include: 

Release of dried waste from the dried waste conveyance system or WPS (less than 3 m) 

Release of dried waste due to spilling a drum prior to installing the lid (less than 3 m) 

Release of dried waste from the waste dryer through the dned waste conveyance system 
to the WPS floor due to the drum not being in place (assumes the waste conveyance 
valves are not present or are not closed) (greater than 3 m) (operator error) 

Release of dried waste from the WPS due to a failed or missing seal to the 55-gal drum 
(less than 3 m) 

A small fire (e.g., resulting from vehicle impact or hydraulic system leak) that causes 
weakening and failure of the waste dryer steel superstructure and release of dried waste 
(greater than 3 m) 

Release of dried solids from the OGTS due to filtration failure. 

e 

The risk binning team considered the process design as well as the conservatisms in the analysis 
when assigning consequence and frequency bins to the other represented hazardous conditions. 
The results are presented with the representative accident in Table D-I, and are discussed below. 

D2.2.1 Failure of Waste Dryer or Dried Waste 
Conveyance System with Fall Height Less 
than 3 m 

Scenario 

This condition can occur when a breach occurs in the dried waste conveyance system or WPS at 
a location where the spill height of dried waste material is restricted by the presence of a solid 
surface less than 3 m below the breach. The event could be caused by a number of initiators, 
including vehicle impact, a seismic or other natural phenomona hazard event, material defects or 
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mechanical failures. The waste would drop from the dried waste conveyance system to the solid 
surface resulting in the generation of radioactive “dust” as well as a small amount of entrainment 
and resuspension due to air movement. 

Frequency Determination 

Failure of the dried waste conveyance system or WPS (e.g., dried waste hopper, dried waste 
hopper secondary confinement box) could be the result of one of several possible causes, 
including vehicle impacts, a seismic event, manufacturing defects, or installation errors. The 
design basis earthquake has a return period that puts it in the “unlikely” frequency range. 
Failures due to manufacturing defects or installation errors are judged to be “unlikely” because 
the equipment will be new, and the facility has a limited operating life. However, vehicle 
accidents are considered anticipated events because this portion of the conveyance system is 
accessible to vehicle traffic and is subject to spills less than 3 m above grade (e.g., dried waste 
hopper, WPS). Therefore, the event was assigned a frequency of “anticipated.” 

Consequence Determination 

Scoping calculations, shown in Appendix F, give a conservative estimate of the consequences for 
this scenario. The onsite radiological consequences were estimated to be “moderate.” The 
offsite toxicological consequences were estimated to be “low.” The onsite toxicological 
consequences were estimated to be “high.” 

Assignment of Risk Bins Without Controls 

Table D2-1 summarizes the frequency, consequences, and risk bin without controls for this 
postulated dried waste release accident scenario. 

An “anticipated” frequency and “moderate” consequence results in this scenario being 
categorized as Risk Bin I for onsite radiological consequences. An “anticipated” frequency and 
“high” consequence results in this scenario being categorized as Risk Bin I for onsite 
toxicological consequences. An “anticipated” frequency and “low” consequence results in this 
scenario being categorized as Risk Bin I11 for offsite toxicological consequences. 

D2.2.2 Release of Dried Waste from the Waste 
Packaging System Due to a Drum Spill 

In this scenario a release of dried waste results from tipping over a drum before the lid is 
installed. The failure is due to operator error. The material in the drum would drop to the floor 
of the International Organization for Standardization (ISO) container releasing a fraction of the 
spill into the air. 

Frequency Determination 

The frequency for a drum spill that results in the release of dried radioactive waste materials 
could be caused by human error. Therefore, the spill was judged to be “anticipated.” 
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Consequence Determination 

This scenario is similar to the spill of dned waste from the conveyance system at a height of less 
than 3 m from the spill surface. The MAR in this case is the contents of a single 55-gal drum. It 
is conservatively assumed that the drum was erroneously filled beyond the 85% full operating 
limit to its full capacity (55 gal). The onsite radiological consequence was estimated to be 
“low.” The onsite toxicological consequence was estimated as “high,” and the offsite 
toxicological consequence was estimated as “low.” 

Assignment of Risk Bins Without Controls 

Table D2-1 summarizes the ftequency, consequences, and risk bin without controls for this 
postulated dried waste release accident scenario. 

An “anticipated” frequency and “high” consequence results in this scenario being categorized as 
Risk Bin I for onsite toxicological consequences. An “anticipated” frequency and “low” 
consequence results in this scenario being categorized as Risk Bin I11 for onsite radiological and 
offsite toxicological consequences. 

D2.2.3 Release of Dried Waste from the Waste 
Packaging System Due to Failed or Missing 
Seal to the 55-Gal Drum 

Scenario 

This scenario postulates that dried waste material could leak into the WPS container during 
processing if operators were to attempt to initiate waste transfer with a failed seal between the 
drum and the WPS secondary confinement box. 

Frequency Determination 

This condition would likely be due to human error. Therefore, a frequency bin of “anticipated” 
was assigned. 

Consequence Determination 

No quantification of consequences of this scenario was made. Leakage, if any, from the gap 
between the drum and WPS secondary confinement box is expected to be bounded by the spill 
from the dried material conveyance system or the WPS (less than 3 m) scenario (Section D2.2.1.) 
The consequence bins were qualitatively assigned to be lower than those assigned for the spills 
and falls of dried waste from heights of less than 3 m because the seal leak scenario is postulated 
to result in a smaller release of dried material. The onsite radiological and the offsite 
toxicological bins are “low.” The onsite toxicological risk bin is qualitatively assigned to be 
“moderate.” 
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Assignment of Risk Bins Without Controls 

Table D2-1 summarizes the frequency, consequences, and risk bin without controls for this 
postulated dried waste release accident. 

An “anticipated frequency and “moderate” consequence results in this scenario being 
categorized as Risk Bin I for onsite toxicological consequences. An “anticipated” frequency and 
“low” consequence results in this scenario being categorized as Risk Bin I11 for onsite 
radiological and offsite toxicological consequences. 

D2.2.4 Release of Dried Radioactive Waste from the 
Waste Packaging System Due to the Drum 
not in Place 

Scenario 

In this scenario a release of dried waste results from a failure to have the plastic drum liner and 
drum connected to the conveyance chute before commencing dried waste transfer. The bounding 
assumption for this scenario is that the spill could be from the dryer, down an unobstructed 
pathway through the conveyance system to the floor of the IS0 container. The bounding result 
is the same as for the spill of dried waste from a height greater than 3 m. 

Frequency Determination 

The frequency without controls for a failure to ensure the liner and drum are in place before 
commencing waste conveyance operations is judged to be “anticipated” because it would be 
caused by human error. 

Consequence Determination 

The consequences for this scenario were conservatively estimated to be the same as for the 
representative accident. The onsite radiological, and onsite and offsite toxicological 
consequences were estimated to be “high.” 

Assignment of Risk Bins Without Controls 

Table D2-1 summarizes the frequency, consequences, and risk bin without controls for this 
postulated dried waste release accident scenario. 

An “anticipated frequency and “high” consequence results in this scenario being categorized as 
Risk Bin I for onsite toxicological consequences. An “anticipated” frequency and “high” 
consequence results in this scenario being categorized as Risk Bin I for onsite radiological and 
offsite toxicological consequences. 
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D2.2.5 Release of Dried Waste (Height Greater than 
3 m) Due to Small Fire-Induced Dryer 
Superstructure Failure and Subsequent 
Waste Dryer Collapse 

Scenario 

In this scenario, a small fire (e.g., resulting from a vehicle impact or a hydraulic system leak) 
causes weakening and failure of the steel superstructure supporting the waste dryer resulting in a 
collapse of the waste dryer and a subsequent fall of dried waste from greater than 3 m. 

Frequency Determination 

Based on operational experience, fires involving vehicles have occurred in the past, but were not 
of the type that directly involved waste or waste containers such as those described by the 
postulated representative accident. In addition, RPP-24217, Technical Basis Report for  Large 
Fire Accidents Involving Aboveground TankdVessels, judges leaks from the CH-TRUM 
hydraulic system to be “unlikely.” Thus, the tank waste container fire scenario is judged to be 
less than anticipated and the accident is qualitatively assigned a frequency of “unlikely.” 

Consequence Determination 

The consequences for this scenario were conservatively estimated to be the same as for the 
representative accident. The onsite radiological consequences were estimated to he “high.” The 
onsite and offsite toxicological consequences were estimated to be “high.” 

Risk Bin Results Without Controls 

Table D2-1 summarizes the frequency, consequences, and risk bin without controls for this 
postulated dried waste release accident. An “unlikely” frequency and “high” consequence 
results in this scenario being categorized as Risk Bin I for onsite radiological and onsite and 
offsite toxicological consequences. 

D2.2.6 Release of Dried Waste from the Off-Gas 
Treatment System Due to Filtration Failure 

Scenario 

In this scenario the OGTS high-efficiency particulate air (HEPA) filters (and prefilters) fail due 
to high temperature or high pressure, causing a partial release of the maximum waste loading on 
the filters. This is followed by an 8-hr unfiltered release from the CH-TRUM WPU at the 
maximum exhauster flow rate. 
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An 8-hr unfiltered release could also occur at the maximum exhauster flow rate due to an error 
during filter maintenance, gross leakage around a misaligned filter, or damage to the ductwork. 
This release is also included in the first two scenarios, but in this third scenario there is no 
release from the filters. 

Frequency Determination 

The HEPA over-temperature accident may occur as a result of a ventilation system heater failure 
or an external fire. The HEPA over pressure accident is similar to an event believed to have 
occurred in the past when a filter became saturated with moisture and was subsequently damaged 
when the ventilation fans were activated. The unfiltered release path could occur from several 
causes, including human error during filter maintenance. Therefore, the event is assigned a 
frequency of “anticipated.” 

Consequence Determination 

The consequences of the two filter failure scenarios (high temperature and high pressure) are 
dominated by the portion of the consequences that come from the 8-hr unfiltered release 
following the filter failure event. Therefore, the consequences of 8 hr of leakage around the filter 
are essentially the same as the consequences of the filter failure scenarios. The onsite 
radiological and the onsite and offsite toxicological consequences are estimated to be in the 
“low” consequence bin. 

Risk Bin Results Without Controls 

Table 2-1 summarizes the frequency, consequences, and risk bin without controls for this 
postulated dned waste release accident. An “anticipated” frequency and “low” consequence 
results in this scenario being categorized as Risk Bin 111 for onsite radiological and onsite and 
offsite toxicological consequences. 

D3.0 CONTROL SELECTION 

Control selection was accomplished in formal risk binning and control selection meetings held 
on April 2,2004, January 27,2005, and February 16,2005, and in an email sent March 3,2005, 
to the control selection group by Nuclear Safety and Licensing in which additional control 
recommendations were made. Meeting attendees represented an appropriate range of expertise 
and relevant experience in the areas of transportation, waste handling, licensing, and operations. 

The results of scoping calculations used to develop the accident analysis documented herein 
were available to the control decision meeting attendees to assist in the decision process. The 
meeting attendees and their respective organizational affiliation are listed in Appendix E. The 
email sent to the control decision group is also included in Appendix E. Risk binning and 
control decision results were documented in meeting minutes. The specific risk binning results 
are discussed in Section D2.0, and the specific control selection results are discussed in the 
following sections. 
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D3.1 PROPOSED CONTROLS FOR THE RELEASE 
OF DRIED RADIOACTIVE WASTE 
MATERIALS REPRESENTATIVE 
ACCIDENT 

A summary of the consequence analysis of the representative accident and associated hazardous 
conditions, as well as a discussion of the risk binning results, was presented to the control 
selection team. The group then proposed and discussed potential controls for the representative 
accident and the associated hazardous conditions. The discussion focused on two potential 
controls schemes. 

The first control strategy considered was referred to as “active confinement.” It consisted of 
secondary confinement of the dried waste streams coupled with active ventilation to provide 
negative pressure within the confinement thus preventing leaks outside of the confinement. The 
ventilation would exhaust through a HEPA filter to remove any suspended waste. 

The second control strategy was referred to as “passive confinement.” This strategy also uses 
secondary confinement, but does not rely on active ventilation. In this strategy, the secondary 
confinement would be tested for bypass leakage to ensure that any spill within the confinement 
would not be released to the environment through a non-filtered path. 

The third and final (selected) control strategy considered involves the use of active secondary 
confinement in the DWS IS0 freight container provided by a single safety-significant OGTS 
exhauster, with safe shutdown of the waste dryer upon loss of negative differential pressure. 
Although safe shutdown of the waste dryer is required on a loss of active secondary confinement, 
a significant amount of waste will necessarily remain in the dryer. Therefore, an additional level 
of protection is provided by the use of passive secondary confinement, comprising the DWS IS0 
freight container and inlet HEPA filter. 

D3.2 SELECTED CONTROLS FOR THE RELEASE 
OF DRIED RADIOACTIVE WASTE 
MATERIALS REPRESENTATIVE 
ACCIDENT 

D3.2.1 Control Selection 

The proposed controls were discussed and evaluated by the group. Control decision criteria are 
established in: 

Title 10, Code of Federal Regulations, Part 830, “Nuclear Safety Management” 
Subpart B, (10 CFR 830) 
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DOE-STD-3009-94, Preparation Guide for U S .  Department of Energy Nonreactor 
Nuclear Facility Documented Safety Analyses 

DOE G 421.1-2, Implementation Guide for Use in Developing Documented Safety 
Analyses to Meet Subpart B of 10 CFR 830 

DOE G 423.1-1, Implementation Guide for Use in Developing Safety Requirements 

Klein and Schepens 2003, “Replacement of Previous Guidance Provided by RL and 
OW’.  

The control decision preference can be summarized as follows: 

1, Preventive controls over mitigative 
2. Passive controls over active control 
3. Engineering controls over administrative controls 
4. Controls with the highest reliability 
5. Controls closest to the hazard 
6 .  Controls with the lowest implementation and maintenance coSts. 

D3.2.2 Selected Control Strategy 

Credited Design Features for this strategy prevent dned waste releases directly to the 
atmosphere. The dryers and connecting lines to the conveyor that are within the IS0 freight 
container (a waste transfer-associated structure) shall maintain their confinement for anticipated 
environmental and operating conditions. The waste conveyance system primary confinement 
must contain the dried waste and the secondary confinement must confine dried waste releases 
from primary confinement failures. The secondary conveyance system confinement is relied on 
to mitigate a dried waste release from the primary confinement. 

The safety structures, systems, and components (SSC), technical safety requirement (TSR) 
controls, and design features selected for preventing or mitigating dried waste release accidents 
during CH-TRUM WPU operations are summarized below. For each safety SSC and TSR, the 
safety function is described. 

Safety Significant SSCs 

Safety-significant SSCs for the representative accident, failure of the waste dryer or dried waste 
conveyance system resulting in a dried waste spill from a height greater than 3 m, include: 

Waste dryer confinement. 

Dried waste conveyance system between the waste dryer and the plastic liner of the drum 
(includes piping, valves and the hopper). 

Dried waste hopper secondary confinement box. 
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WPS secondary confinement box system. 

Interlock to close valve(s) to stop dried waste flow on loss of vacuum in the hopper 
secondary confinement box and WPS confinement box/drum system, thus limiting the 
release. This interlock system will meet single-failure criteria. This control would also 
be used to mitigate the hazard of initiating waste transfer when a drum is not in place. 

DWS IS0 freight container 

Waste dryer discharge valve. 

Vehicle bamers. 

Dried waste hopper/WPS secondary confinement vacuum interlock system. 

DWS IS0 freight container ventilation system. 

DWS IS0 freight container negative pressure monitoring and alarm system. 

DWS IS0 freight container inlet HEPA filter. 

DWS IS0 freight container OGTS HEPA filter. 

Dried waste hopper discharge valve. 

Because the accident could be initiated by a seismic event or other natural phenomena hazards, 
the designation of the waste dryer, the conveyance system, the hopper secondary confinement 
box, the WPS confinement box system, the DWS IS0 freight container, the DWS IS0 freight 
container ventilation system and the DWS IS0 freight container HEPA filters are designed to 
performance category-2 (PC-2) natural phenomenon hazard requirements. 

The safety function of the waste dryer and the dried waste conveyance system including the 
hopper, piping and valves, is to maintain primary confinement of the dried waste under 
postulated accident conditions, thus decreasing the frequency of a dried waste accident. 

The safety function of the DWS IS0 freight container, the DWS IS0 container ventilation 
system, the dried waste hopper secondary confinement box, and the WPS secondary confinement 
box system, the DWS IS0 freight container inlet HEPA filter and the DWS IS0 freight container 
OGTS filter is to provide secondary confinement of the dried waste in the event of a primary 
system breach, thus decreasing the consequences of a dried waste accident. 

The safety function of the DWS IS0 Ereight container ventilation system is to maintain a 
negative pressure in the DWS IS0 freight container, thus decreasing the consequences of a 
release of dried waste accident. The safety h c t i o n  of the DWS IS0 freight container inlet and 
OGTS HEPA filters is to provide HEPA filtration, thus decreasing the consequences of a release 
of a dried waste accident. HEPA filters shall provide a minimum 99.95 % efficiency. The DWS 
IS0 freight container negative pressure monitoring and alarm system will provide an alarm 
signal to initiate operator response and safe shutdown of the waste dryer unless the pressure in 
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the DWS IS0 freight container is negative with respect to atmosphere, thus decreasing the 
frequency of a dried waste accident. 

The safety function of the dried waste hopper/WPS secondary confinement vacuum interlock 
system is to prevent the release by closing off the flow path from the waste dryer to the 
conveyance system in the event of a loss of negative pressure differential with respect to 
atmosphere in the hopper/WPS secondary confinement boxes, thus decreasing the frequency of 
a dned waste accident. If operators were to attempt to initiate waste transfer without the drum 
in place or with a failed seal between the drum and the WPS confinement box, the interlock 
would prevent the release. 

The safety function of the waste dryer discharge valve and the dried waste hopper discharge 
valve is to close, and to fail closed, when a loss of negative pressure signal is received from the 
dried waste hopper/WPS secondary confinement vacuum interlock system, thus decreasing the 
frequency of a dried waste accident. 

The safety function of aboveground transfer vehicle barriers is to prevent dried waste releases 
from the waste dryers, the dried waste conveyance system, or an open drum caused by vehicle 
collision, thus decreasing the frequency of a dried waste accident. 

Technical Safety Requirements 

The TSR controls include new limiting condition for operation (LCO): 

1. Dried waste hopperiWPS secondary confinement vacuum interlock system. 

The safety function of t h s  LCO is to ensure the operability of the dried waste hopper 
confinement/WPS secondary confinement vacuum interlock system, thus decreasing the 
frequency of a dried waste accident. The monitoring and interlock system is required to 
be operable when the dried waste material is being conveyed from the waste dryer into 
the plastic-lined drum. It will prevent or mitigate release of dried waste into the WPS 
IS0 freight container by ensuring that waste transfer will stop, or will not be started, if 
the pressure in the dried waste hopper confinement or the in the WPS secondary 
confinement box is greater than the pressure in the WPS IS0 container. 

2. DWS IS0 freight container ventilation system. 

The safety function of this LCO is to ensure the DWS IS0 freight container ventilation 
system is operable, thus decreasing the consequences of a dried waste accident. The 
ventilation system must operate to maintain the pressure in the DWS IS0 freight 
container negative with respect to atmosphere whenever the waste dryer is operating. 

3. DWS IS0 freight container negative pressure monitoring and alarm system. 

The safety function of this LCO is to ensure the operability of the DWS IS0 freight 
container negative pressure monitoring and alarm system, thus decreasing the 
consequences of a dried waste accident. This system will alarm and alert operators to a 
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condition of loss of negative pressure in the DWS IS0 freight container, thus initiating 
operator response to safely shut down the waste dryer. 

Additional TSR controls include the following administrative controls: 

CH-TRUM WPU Controls: 

DWS IS0 freight container inlet and OGTS HEPA filters efficiency testing 

DWS IS0 freight container bypass leakage rate 

Waste dryer openings and seals 

DWS IS0 freight container doors 

Vehicle impact barriers at all locations where a vehicle impact could lead to a spill of 
the dried waste material 

Safety Management Programs: 

Emergency Preparedness Program. 

Hoisting and rigging safety management program 
Fire protection safety management program 

Design Features include the following: 

Plastic liners for drums 
Drums 
Drum stabilizer. 

D3.2.3 

Table D3-1 summarizes the frequency, consequences, and risk bin with controls for each 
postulated dried waste release accident scenario. The risk bin results with controls for each 
scenario are discussed below. 

Failure of Waste Dryer or Dried Waste Conveyance System with Fall Height Greater than 
3 m. Application of the stated controls is qualitatively judged to reduce the onsite and offsite 
toxicological consequences and the onsite radiological consequences of the dried waste release 
accident from the waste dryer or dried waste conveyance system to the “moderate” consequence 
category. In addition, the application of the controls is qualitatively evaluated to reduce the 
frequency of the dried waste release accident from greater than 3 m, from “unlikely” to 
“extremely unlikely.” Equipment built to PC-2 seismic design criteria should withstand the 
design basis earthquake which falls in the “unlikely” frequency range. Therefore, an earthquake 
of greater magmtude than the design basis earthquake would be an “extremely unlikely” 
occurrence. The accident scenario involving a spill from greater than 3 m high is thus reduced to 
Risk Bin I11 for offsite and onsite toxicological exposures and onsite radiological exposure. 

Risk Bin Results With Controls 
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Failure of Waste Dryer or Dried Waste Conveyance System with Fall Height Less than 
3 rn. Application of the stated controls is qualitatively judged to reduce the onsite radiological 
consequence to the “low” consequence category and the onsite toxicological consequence of the 
dried waste release accident from the waste dryer or dried waste conveyance system to the 
“moderate” consequence category. In addition, the application of the controls is qualitatively 
judged to reduce the frequency of the dried waste release accident for spills less than 3 m, from 
“anticipated” to “unlikely.” The accident scenario involving a spill from less than 3 m high is 
thus reduced to Risk Bin I11 for onsite radiological releases and Risk Bin I1 for onsite 
toxicological exposures. 

Release of Dried Waste from the WPS Due to a Drum Spill. To address the dried waste 
release due to the tipping over of a full waste drum before the lid is in place, a drum stabilizer is 
provided as a design feature to prevent the accident. After filling, the 55-gal drum is pulled out 
from under the fill station containment box to a shielded area for reinstallation of the lid and 
where surveying and decontamination is performed if necessary. The “tip-resistant” design 
enhances the stainless steel shielding bamer so that it also provides drum stabilization to prevent 
tipping. In addition, the enhanced design also provides a broader wheel base on the dolly so that 
the drum cannot tip over as the result of an earthquake, or by being impacted by a vehicle. An 
earthquake of greater magnitude than the design basis earthquake would be required to tip over 
the drum. This earthquake has an “extremely unlikely” frequency of occurrence. The drum 
stabilizer design feature is therefore judged to reduce the accident frequency to “extremely 
unlikely,” which combined with “high” onsite toxicological consequences, results in Risk Bin 11. 

Release of Dried Waste from the WPS Due to Failed or Missing Seal to the 55-Gal Drum. 
The controls selected for the representative dried waste release accident also work to prevent or 
mitigate the hazardous conditions associated with this scenario. Safety SSCs and TSRs for the 
waste dryer or dried waste conveyance system (greater than 3 m fall height) failure scenario are 
discussed in Section D3.2.2. The safety function of the b e d  waste hopperiWPS secondary 
confinement vacuum interlock system is to prevent the release by closing off the flow path from 
the waste dryer to the conveyance system in the event of a loss of negative pressure differential 
with respect to atmosphere in the hopperiWPS secondary confinement boxes, thus decreasing the 
frequency of a dried waste accident. If operators were to attempt to initiate waste transfer with a 
failed seal between the drum and the WPS confinement box, the interlock would prevent the 
release. An “unlikely” frequency and “low” consequences results in this scenario being 
categorized as Risk Bin 111 for onsite radiological and onsite and offsite toxicological 
consequences. 

Release of Dried Radioactive Waste from the WPS Due to the Drum not in Place. The 
controls selected for the representative dried waste release accident also work to prevent or 
mitigate the hazardous conditions associated with the both of these scenarios. Safety SSCs and 
TSRs for the waste dryer or dried waste conveyance system (greater than 3 m fall height) failure 
scenario are discussed in Section D3.2.2. The safety function of the dried waste hopperANPS 
secondary confinement vacuum interlock system is to prevent the release by closing off the 
flowpath from the waste dryer to the conveyance system in the event of a loss of negative 
pressure differential with respect to atmosphere in the hopperMS secondary confinement 
boxes, thus decreasing the frequency of a dried waste accident. If operators were to attempt to 
initiate waste transfer without the drum in place, the interlock would prevent the release. An 
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“unlikely” frequency and “moderate” consequences results in this scenario being categorized as 
Risk Bin I1 for onsite radiological and onsite and offsite toxicological consequences. 

Release of Dried Waste (Height Greater than 3 m) Due to Small Fire-Induced Dryer 
Superstructure Failure and Waste Dryer Collapse. The safety h c t i o n  of the fire protection 
safety management program is to prevent collapse of the steel superstructure supporting the 
waste dryer caused by a fire, thus decreasing the frequency of a release of dried waste accident. 
A fire resistant coating with a 2-hr fire rating on the waste dryer steel superstructure would 
satisfy the safety function. Application of the fire protection safety management program control 
is qualitatively judged to reduce the frequency of the fire-initiated dryer failure scenario from 
“unlikely” to “extremely unlikely,” which combined with “high” consequences, results in Risk 
Bin I1 for onsite radiological and onsite and offsite toxicological exposures. 
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CE-TRUM Control Decision Meeting Attendance Sheet 

Meeting Subject: Release of Drv Materials Accident Date: Awil2,2004 
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CONTROL DECISION MEETING ATTENDANCE 

Meeting Subject: CH-TRUM Dried Waste Release 

Meeting Date: 1/27/05 
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CE-TRUM Control Decision Meeting Attendance Sheet 

Meeting Subject: Dried Waste Release Accident Date: FebrlCaN 16.2005 
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Twhnical safely requirement 

Safety Management Programs: . Fire protection 

Safetyfunclion Comments 

To prevent collapse Ofthe waste 
dryer superstructure caused by a 
fire, thus decreasing the frequency 
Of a release of dried waste accident 

A fire resistant coating with a 
2-hour fire rating on the waste 
dryer superrtructure would satisfy 
the safetyfunction 
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The second scenado identmsd dunng preparation ofthe CATRUM PFHA invokes a vadatton oftne exktlng 
transportatlorrrelated storage and handllng mechanical impact and vehicle fuel fire representative acclaent scenarios 
that have been previously analyzed. 

The Iranspollatlowrelatea starage and handllng accldenls have been bpdated slnce Ihe previous control declslon 
meeting (due l o  the recent change from SWBs to 55-gallon drums as the primary waste container. Increased 
undemanding in how operatlons will be conducted In and between Ihe interim storage facility (ISF) ana waste 
packaging system (WPS), and as a resun ofdlscusslons between mysen and Nlck regarding tnese scenarim). 
However. the overall r e s ~ l s  as well as controls Selectmd by the control decislon team. did not change. The orrginsl 
scenarios that were discussed in the July 15th meetlng vmre postulated to : m l v e  a mnlcle fire enguMng SWBs 
staged outside the ISF. impact/drop scenar,os imrolvlng SWBs stored insiae the laciity. and a flammable gas 
denagration lnslde an SWB The risk btnnlng resLns (nsk bin 1 for onstte toxlcotoglcal releases) tndcated tnat TSR- 
level controls were rrqLlred and the followlng controls were selectea n the Jbry 15th meeting: 

In summary. TSR-level safety management program conlrols tnat vmre smiected for operation of the CH-TRUM 
facilny are as follows 

Type A compliant conrguration of PSSD-compliant contalners. thus reaucing the frequency of 
transportation-related storage and handling accidents. 

SWBs. thus redJclng the frequency or consequences oftranspollallon-related storage and handllng 
accldents 

Wade managemeti program - t o  ensure compllance to waste packaging requ.rements (e.g , DOT. 

Fire pmectlon program - to  prevent or mitigate fires involving CH-TRUU dried waste dNmP and 

As updalea. the Iransportation.related storage and handling accident aadresses large vehicle fuel Are. large vehiclr 
mechanical impact. small venlcle Impactldrop. ana flammable gas denagratlon accldenls Involving 55-gallon drums In 
and near the ISF. The updmed Scenarlos as developed to suppod the CH-TRUM PDSA and as they currently exist In 
RPP-13978. Technical @asis for the TmnspIratnn-Related Handling RepmsentatNe Accldenrs and AssocsPed 
Hazambs Condtbns. Rev 2 (Oran). are outllned in the rollowlng excerpt from RPP-13978. Appendix C. [excem 
omnteq 

"C1 .SRepresentative AcCidmts 

The transportation accldent scenarios are descrlbed In delall In Sectlon 2.1.1 ofthe matn documenl. The CH- 
TRUM representative accidents are summarized In this section. 

The CH-TRUM transportation representative accident postulates that containers (Le., 55-gallon drums or 
SWBs) filled wnh CH-TRUM waste are Involved in a transportation-related storagemandling accident. Wfihoul 
controls, this scenario Is postulated to cause an uncontrolled release of radological and toxicological dried 
waste. Each scenarlo 1s dlscussed below. 

SWBs and 55-gallon steel drums are both approved packages for dried CKTRUM waste. Each 55-galon 
drum (2.08E+02 L) Is loaded to 85% of capacity (1.77EN2 L) l o  allow room for horsetailing of plastic Ilners. 
55-gallon drums can be packaged in SWBs (four drums per Sum) or stored on pallets (four drums per pallet). 
SWBs are used for packaging of non-compllant55-gallon dNmS. but are expected to make up less than 1% of 
the tolal number of contalnetx handled and stored In the ISF. Therefore, only 5Bgallon dNms are considered. 
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e laroe veNcle nre accident Hazardous conaitlons invoMng nres (e.g.. vehicle nres, range nres) 
engumnp waste containers were postulated. The representative fire accident postJlates that a transpati 
vehicle or some other large vehicle coiiides into tne facility passing through the mall. and impacting up to I28 
55-ga11on r h m s  (or an equivalent amount ofwaste storedin rimliar continers) stored on paliets (ilacked two 
high) Inside the ISF. The impact ruptures the vehicle fuel tank spllllng fuel. The presence ol an lgnnlon source 
is assumed and a fire OCCUR. m e  fire enguns the waste drums resuiting in a drled waste release into the 
atmosphere, The scenario MAR is 2.27E+04 L. 

Re~reaented fire hazardous conditions. Several addtifflal associated hazardous conditions that are 
represented and bounded by the fire representative accident were identified, some wlth different causes. 
These include. vehicle fuelkombustible material Ilres InvoMng one or more @ut less than 128) waste 
containers In CH-TRUM WPU or ISF facllnles (e.g., containers stored Inside, or daged adjacent to. the ISF: 
containers tnslde the WPS is0 container that are open during d r m  filllng operatlons or those that are 
storedktaged inside that structure, etc.). Also included. are vehicle fuel nre scenarios that occur subsequent 
to impact accidents during loading, unloading, and movement of drums from the WPS to the ISF. and from the 
ISF to the WPS In the event that drumslSWBs require repackaging, 

Re~resentative lame vehlcle mechanlcai ImDact ac- Hazardous condltlons lnvolvlng mechanlcal Impact 
(e.g.. vehicle collision, handling. drop. crane acclderts) to waste containers were postulated. The mechanical 
impact representative accident assumes radlologlcal and toxlcological releases as the resuit of a transpoll 
vehicle or Other large vehicle colliding Into the raclilty, and Impacting containers stored ffl pallets (stacked t w  
high) indde the ISF. u p  to 128 waste drums (or an equivalent amount of waste In slmllar containers) are 
assumed to be Involved in the postulated accident. Two ofthe 128 dNms are assumed to ovemlled lo  drum 
capacity(2.08E+02 L) due to operator error. The remaining drums are assumedto be filled to 85% ofcapacity 
(1.77EM3 L) in accordance vvith planned operations. 

A damage ratio (DR) of 0.1 was assumed as established in SARAH ("F-8739) for mechanical release From 
low and high speed vehicle impact involving more than 29 drums. This value was developed based on test 
data. Since only PSSD-compllant contalners, whlch are DOT Type A containers that are approved for use 
during cross-site transfers, are allowed to be moved from the WPS and placed in the ISF. assuming that 10% 
(damage ratio = 0.1) ofthe wade in the containers MI1 be released during the impact Is mnse~ative. The 
accident is assumed to cause a dried waste release into the atmosphere. The scenario MAR Is 2.27E+04 L. 

BeprereDed imDact Several additional associated hazardous condition that are 
represented and bounded by the represenlatlve mechanical impact accldenl were identlfied, some wlth 
different causes. These include impacudrop lnvoivlng one or more (but less than 128) containers stored 
inside. or staged adjacent to. the ISF. Also included. are impactldrop Scenarlos during loading. unloading, and 
movement of dwms from the WPS to the ISF. and from the ISF to the WPS In the event that drumr/SWBs 
require repackaging. 

ReDres entalive flammable aas a ccldenl. 
deflagration inside a single %-gallon occurs. The deflagration releases the contents one drum assumed to be 
85% filled. The container contents are dispersed to the atmosphere. The scenario MAR Is 1.77E+02 L. 

Small vehicle droDAmDact accident. A hazardous condition invoMng mechanical impact or drop to one 55-gal 
drum during storage and handling activities (e.g.. forklin or other m a l l  vencie) in or near the ISF or during 
movement of a dNm from the WPU to the ISF. or from the ISF to the WPS In the event that drums require 
repackaging. was postulated. The drum Is assumed to be ove~l ledto 100% of capacity due to.operator error. 
A damage ratio of 1 is assumed. The accident 1s assumed to result In a release of drled waste to the 
atmosphere. The scenario MAR Is 2.08E+02 L." 

. .  

The flammable gas denagratlon scenario postulates that a 

The resuits of the frequency determination. consequence categoly selection. and rlsk bin assignments for the 
representative accidents and bounding assoclated hazardous condltlons are summarked In Table C1 of RPP-13978 
(included below). 
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Table CI. Sumnary of Results for CH-TRUM Tranrp 
Storage and Handllng Accident Rt 

Postulated accldentlhazardous condltlon 

Rmresentative lame vehlcte nre accident. Release of drled 
w i d e  due to large Ghlcle fuel fire engulfing 128 drums stored 
Instdm lha IRF .. - - .. . - . -. . 
MAR = 2.27E+04 L. 
Rmresenlative Iarae vehlcle mechanical i m a c l  accident. 
Reiease of dried waite due lo  large vehicle impacting 128 
drums at the ISF. 
MAR = 2.27E+04 L. 
Representative R a m b l e  gas accldent. Release of Wed 
waste due to flammable aas accumulation and deflaaration - - 
insioe a 55gaiion dwm. 
MAR = 1 77E+02 L 
Release of drieo wasle oue to forkim or other m a i l  vehicle 
impact or drop accident involving one 5Cgal drum during 
storage and handling activities in or near the ISF or during 
movement of a drum from the WPU l o  the ISF. MAR = 

Notes: 
A = anticipated. 
E l  
L = low. 
M =moderate. 
MAR =material at rlsk. 
SWB =standard waste box 
U =unlikely. 

2.08E+02 L. 

= iocalhed discharges d hazardous material. 

Frequency 

U 

Wion-Relatnd 

The risk binnlng resuns obtained for the updated scenarios (risk bin I for onsite toxicoiogical releases) indicated that 
TSR-level controls are required. Slnce the updated scenarios were not substantially different that those presented at 
the July 15th control decision meeting, the controls selected at lhal meeting w r e  considered applicable to those 
scenarios. 

The new scenario Identified by Nick Barilo involves a vehicle fuel fire lhal causes weakening and nubsequent failure 
of the structural supports for the ISF and collapse of the roof and supporting steel components. The result is a 
combined vehlcle fuel lmechanlcal impact scenario that engulfs 128 drums in a vehlcle fuel nre Che 128 dNm flre 
scenario is unchanged). causes the roof to collapse. and impacts the remainlng drums stored in the facilily. The 
impact scenario uses the same assumptions as the 128 drum impact scenario. except lhat I is assumed to involve 
the total number of drums (6650) of waste estlmated l o  be retrieved from the T-Farm SSTs and processed through 
the CKTRUM facillty less the 128 drums Involved In the nre scenario. The total consequences for all receptors 
conslslr oflhe sum ofthe flre and impact scenario consequences. The scenario MAR is 5.79€+05 L. 
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Fire I 1.27E-02 I 9.43E-04 I 2.78E+00 I 6.55E-01 1 2.15E-01 
lmpad I 6.15E+01 I 6.24E-02 I 1.74E+04 I 4.75E-01 I 1.64E-01 
Total I 6.15E+01 I 6.34E-02 I 1.74E+04 I 1.13E+00 I 3.79E-01 

The prellmlnaly results of consequence calculations perrormed to assist in the assignment of consequences and In 
risk binning (shown in the following table) Indicate that onsne radiologicai consequences are moderate (25 - 100 
rem), offsne radlological consequences are well below 1 rem, and offsile toxicological consequences are "moderate" 
(SOF >l). Note thd the indMdual flre and Impact scenarios separateiy have 'low offslte toxlcologcal conseauences. 
but W e n  summed. are 'moderate." 

Estimated ConS9qUencer of Combined Vehicle Fuel Fire 
Drum Inpact from S ~ c t u r a l  Collapse Scenatio 

I Radlaladeal I z--- . . . . 
Consequences I Toxicological Sum of Fractlons (SOFI 

I Onsite I Ornlts I Onsite I offsite I Offrite 
I I I "Hiah" TEEL- 1 'Moderate" I Hioh" 

I (rem) (rem) 3 I TEEL-1 I TECL-2 I I 
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Updated risk blnnlng results lncllldlng those for the new representative scenario are sr10wn In (ne following table 
(from RPP-13978. Appendix C). 

Table C1. S u m o f  Results for CH-TRUM TransDorta8 
Storage and liandllng Accident RI 

Postulated accldentfhazardous condnion 

Representative c o d i n e d  large vehicle tire I mechanical 
impact accldent. Release of dried waste due to combined 
large vehicle fuel nre lmechanlcal Impact due to flre-lnltlaled 
structural weakening and roof collapse impacting 6650 56gai 
drums rlored inside the ISF. M4R = 5.79EM5 L. 
Representat ivef lamble gas accldent Release of dried 
waste due to flammable gas accumulation and deflagration 
inside a 55-gallon drum 
MAR = 1.77E+02 L. 
Release of dried waste due to iarae vehicle fuel tlre enaulnna 

I "  

128 drums stored lnslde the ISF 
MAR = 2 27E+04 L 

Release of dried waste due to large vehicle Impacting 128 
drums at the ISF. 
MAR = 2.27E+04 L. 

Release of dried wash due to forklf  or other small vehicle 
impact or drop accident involving one 55-gat drum during 
storage and handling actlvHles in or near the ISF or during 
movement of a drum from the WPU to the ISF. 
MAR = 2.08E+02 L. 
Notes: 
A = antlcipated. 
E l  
L = IOW. 
M =moderate. 
MAR =material at risk. 
U =unlikely. 

= localized discharges of k a r d w s  materlai. 

0sentative 

:requency 

U 

A 

U 

A 

A 

.Related 

yJ 
a 

The risk binning results for the new scenario (risk bin I for onsite toxlcologicai releases and risk bin ii for offsite 
toxicoiogical releases) and existing scenarios (risk bin i for onsite toxicological releases) indicate that TSR-level 
controls are required. As before, these scenarios are similar lo  those presented in the July 15. 20M control decision 
meeting. m e  resuns obtained prevlousb and upon which the control decisions were prevlously made indicate that 
TSR-ievei controls are required. 
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For the combined large vehicle nre I mechanical impact scenario. as well as the remaining scenarios that wBre 
updated since the previous control declslOn meeting. NS&L recommends the contmls that were previously selected 
in the July 15. 2004 control decision meeting (Le.. AC 5.7, Safety Management Program -waste management 
program and nre pmtectlon program) lor operation of the CKTRUM lacillty. 

lrthere are any questions or comments on either ofthese recommendations. or if anyone receiving this message 
feels that addnional control decision meetings are necessatyto nnalke these results. please let me know and a 
meeting wlli be scheduled. Unless such a request is received, the recommended controls will be added to the CH. 
TRUM PDSA currently being prepared 

Thank you. 

Steve Kmlowski 
CH2M HILL 
Nuclear Safety & Licensing 
(509) 3751360 

Nole 1: The above email discusses RPP-13978. However, subsequent to sending ihis email, a decision w a n  
reacned by NS&L to develop a new technical basis document (RPP-25148) for the CH-TRUM transportation 
accident. Also note that the title of the accident Was changed in the new technical basis document from 
'Iran5poltation-reialed shipping and handling accidents' to "waste container storage and handling accidents 

Note 2: The consequence calculation and risk binning results shown in the above email underwent minor changes 
during NSBL internal and peer reviews, and as a reSun, do not exactly match the results shown in RPP-25148. 
However. the resuns in this document (RPP-25148) are the final, technicallyverined results. 
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APPENDIX F 

SUPPORTING CALCULATIONS FOR THE DRIED WASTE RELEASE ACCIDENT 
AT THE CONTACT-HANDLED TRANSURANIC MIXED WASTE PACKAGING UNIT 
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APPENDIX F 

SUPPORTING CALCULATIONS FOR THE DRIED WASTE RELEASE ACCIDENT 
AT THE CONTACT-HANDLED TRANSURANIC MIXED WASTE PACKAGING UNIT 

F1.O INTRODUCTION 

The purpose of this appendix is to provide a basis for the qualitative assessment of consequences 
assigned during the risk binning meetings. Consequences are calculated for the radiological and 
toxicological exposures resulting from a release of dry radioactive waste materials during 
Contact-Handled Transuranic Mixed (CH-TRUM) Waste Packaging Unit (WF'U) operations. 

The calculations for four basic scenarios are presented in this appendix. The scenarios involve a 
spill of the waste dryer contents from a height greater than 3 m, a spill of the waste dryer 
contents from a height less than 3 m, a spill of one 55-gal drum, and a failure of filtration. The 
bounding consequences of other dried waste release scenarios discussed in the main body of 
Appendix D, including the spill resulting from failure to have the drum in place and the failure 
caused by the fire collapsing the steel structure supporting the dryer, are the same as those for the 
spill from greater than 3 m. 

F2.0 ASSUMPTIONS 

In the accident scenario, solids are released to drop on the ground from a failure in the waste 
conveyance system. The release could occur at any point between the dryer and the 55-gal drum. 
The result is release of the dried material to the atmosphere. It is conservatively assumed that 
there is no confinement and the solids move as a free-flowing powder. 

Dried waste from the spill would become airborne by two mechanisms. The first is the material 
suspended in the airstream as the spill is occurring. The second is material that is picked up by 
air flowing over the heap of powder for some time following the spill (entrainment and 
resuspension). 

The following assumptions were incorporated into the consequence analysis calculation: 

1. The bounding unit liter doses (ULD) documented in RPP-5924, Radiological Source 
Terms for Tank Farms Safety Analysis, Table E-1, for the CH-TRUM tanks are used for 
estimating radiological consequences. The 11 CH-TRUM tanks are listed in Table 2-1, 
along with the offsite ULD values for their waste. 
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Waste Tank 

Table F2-1. Unit Liter Doses for Contact- 
Handled Transuranic Mixed Waste Tanks 

from RPP-5924, Rev. 4. 
Onsite ULD (SvL) 

241-B-202 

I 241-B-201 I 1.200 I 
310 

24 I-T-201 
I 241-B-204 I 380 I 

1,200 

241-T-203 280 

I 241-T-110 I 1 IO I 
24 I-T-I 11 270 

Note: 

Tank Farms Safety Analysis, Rev. 4, CHZM HILL 
Hanford Group, Inc., Richland, Washington. 

RpP-5924,2003, Radiological Source Terms for 

2. It is assumed that the waste is dried to 0 wt% water. This is a conservative assumption 
since the process is designed to reduce moisture to approximately 10 wt%. As the 
moisture decreases the dried material becomes less granular and begins to plug up the 
system. Even though “sludge” is being transferred into the dryers, the waste contains a 
significant amount of liquid. The waste is assumed to he dried to 0% moisture to 
maximize the concentration factor due to evaporation. 

3. The sludge entering the dryer is assumed to contain 78 wt% water. This is the 
hounding amount of moisture found for the CH-TRLJh4 tanks from the Best Basis 
Inventory (BBI) (TWINS Database queried December 1,2004). The hounding 
moisture is used to calculate the maximum concentration factor due to evaporation, as 
follows: 

Basis = 100 g of CH-TRUM waste solids at 78 wt% water 

This is the equivalent to 22 g dry solids and 78 g water. 

By volume: 

(78 g water) / (0.998 glml water) = 78 ml water 

(22 g solids) / (2.0 glml solids) = 11 ml solids 

where: 

0.998 s/ml water is the density of water at 20 “C (Weast 1981, CRC 
Handbook of Chemistry and Physics) 
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Source Stream 

Waste Receipt Tanks Ventilation 

Condenser Off-Gas 

Drver Module Ventilation 

2.0 g/ml is the bounding density of all solids (BBI queried 
February 12,2004). 

Total volume before evaporation = 78 ml + 11 ml = 89 ml 

Total volume after evaporation = 11 ml 

Concentration factor = 89 ml / 11 ml = 8.1 

Nominal Throughput 

W h  Dry Llh 
6.52 1 0 . ~  3.26 x l o 5  
4.52 10.’ 2.26 x 10.’ 

0 0 

4. The material at risk is conservatively assumed to be a full dryer batch (6,120 L). The 
material in the dryer will consist of dried CH-TRUM solids. The dryer batch size is 
60% of the maximum waste dryer volume (10,200 L). 

5. The maximum release rate of the dryer is assumed to be one batch in 10 min. The 
duration of exposure for toxicological releases is 1 min. 

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

Additional assumptions that apply to the filtration failure analysis are: 

7. The release rate due to the continuous unfiltered release following filtration failure is 
assumed to be proportional to the ventilation rate. 

Packaging Module Ventilation 

Total 

8. The design ventilation system throughputs for the nominal exhaust rate of 1,950 ft3/min 
are given in terms of kilograms per hour of dried material for the various modules in 
the system are shown below. The volumetric equivalents assuming the 2 g/ml (or kg/L) 
density for the dried material are also shown. 

Table F2-2. Ventilation System Design Throughputs. 

4 . 1 0 ~  I O 3  2.05 10” 

4 . 1 0 ~  2.08 10” 

9. For purposes of this analysis a maximum exhauster flow rate of 2,000 ft3/min was 
assumed and the throughputs were increased proportionally. 

10. The maximum loading on each HEPA filter is assumed to be 1 L of solids based on 
filter plugging (Le. high AP and low flow rate). Studies of 2 ft by 2 ft standard HEPA 
filters under very high loading conditions (Response of HEPA Filters to Simulated 
Accident Conditions [Gregory et al. 19821) showed that plugging (defined to be a 50% 
flow rate reduction) occurred at loadings of less than 500 g (corresponding to about 
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0.5 L) of dry polystyrene-latex aerosol. Using a stearic acid aerosol, plugging occurred 
at a loading of 550 g corresponding to 0.56 L of dry solids. The 50% flow reduction 
corresponded to a filter AF of about 12 in. w.g. A filter AP of 10 in. w.g. was obtained 
at a lower loading of 400 g (0.41 L) of dry solids. Manufacturers generally do not 
guarantee the integrity of their filters above IO in. w.g. For this reason, operating 
HEPA filters are never allowed to approach a AP of 10 in. w.g., but are limited to much 
less (i t . ,  5 to 6 in. w.g.). The assumed 1 L filter loading is therefore considered to be 
highly conservative. 

11. The total load of waste within the filter system (two prefilters, four HEPA filters, and 
one duct) subject to release is therefore assumed to be 5.2 HEPA loads or 5.2 L of dried 
solids equivalent to 42.2 L of reference wet sludge. 

F3.0 METHODOLOGY 

F3.1 APPROACH TO ANALYSIS 

Radiological dose exposure consequences are calculated consistent with the methodology 
documented in WP-13482, Atmospheric Dispersion Coefficients and Radiological and 
Toxicological Exposure Methodology for Use in Tank Farms. The onsite dose (Equation F-I) is 
given by: 

Dose = (Q, released)(X/Q3(BR)(lJLD, onsite) (F- 1) 

where: 

Dose = inhalation dose to the onsite receptor, Sv 
Q, released 
xIQ’ = atmospheric dispersion coefficient, s/m3 
BR = breathing rate, m3/s 
ULD, onsite 

= liters of respirable material released to the environment, L 

= dose per unit liter of material inhaled as aerosols, Sv/L. 

The toxicological consequences were calculated per the methodology established in RPP-13482 
for toxicological releases. Toxicological consequences are calculated either with a puff release 
model or a continuous release model depending on the duration of the release. The puff release 
model is used for onsite releases with durations < 3.7 sec, and for offsite releases with durations 
< 439 sec (RF’P-13482). The events considered in this appendix are modeled as continuous 
releases. For a continuous release, the toxicological consequence (Equation F-2) is given by: 

Consequence = (Q/t)(x/Q3(SOF Multiplier) (F-2) 
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where: 

Consequence 
Q 
t = release time, sec 
XIQ’ 
SOF Multiplier = sum of fractions multiplier, unitless. 

= final sum of fractions value, unitless 
= release to the environment, m3 

= atmospheric dispersion coefficient, s/m3 

Determining the quantity of respirable material released to the environment requires knowledge 
of the volume that is affected and is provided in Equation F-3: 

Source Term (Q) =(MAR)(DR)(ARF)(RF) (F-3) 

where: 

= sourceterm,L 
= material at risk, L MAR 

DR = damage ratio = 1’ 
ARF = airborne release fraction 
RF = respirable fraction (not applicable to toxicological consequences). 

*Note: The damage ratio is not used for the scenarios in this appendix so a value of 1 

Q 

is applied. 

F3.2 VERIFICATION AND VALIDATION 

No computer codes have been used to develop the accident analysis results documented in this 
appendix; therefore, software verification and validation is not required or provided. 
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F4.0 INPUT DATA 

The input data used are as follows: 

1. The onsite ULD that bounds the tanks to be processed by the WPU is taken from 
RPP-5924: 

Waste T w e  ULD (SvIL) Basis Tank Waste T w e  

SST Solid 1200 241 -B-201 Sludge 

2. Sum of fractions (SOF) multipliers that bound the tanks to be processed by the WPU are 
taken from RPP-8369, Chemical Source Terms for Tank Farms Safety Analyses: 

WasteTwe TEEL-1 BasisTank TEEL-2 BasisTank TEEL-3 BasisTank 

SST Solid 1.71 x lo9 241-E-203 5.60 x 10’ 241-0-203 3.39 x 10’ 241-T-202 

- 4 3  3. The breathing rate is 3.33 x 10 m isec (RF’P-5924). 

4. The bounding airborne release fraction (ARF) for spills of cohesionless powders from 
heights greater than 3 m. 

0125  x ~ 2 3 7  2x  0.1064xM0 
I 02 

ARF, = 
P E P  

where: 

ARFB =bounding airborne release fraction 

Ma 
H = spill height, m 

PBP 

= mass of powder spilled, kg 

= bulk density of powder, kg/m3. 

This ARF is to be compared to the ARF x RF (respirable fraction) combination of 
2 x 10” x 0.3 (6 x lo4) given in DOE-HDBK-3010-94, Airborne Release 
Fractions/Rates and Respirable Fractions for Nonreactor Nuclear Facilities, for spills of 
cohesionless powders from heights of less than 3 m. The greater of the two values should 
be used. 

The DOE handbook does not indicate a RF value to be used with the ARF calculated 
above. Therefore, it is assumed that the RF for this case is 1.0, because the comparison 
the handbook asks for is against an ARF x RF combination. 

5.  The ARF is 2 x 10” for free-fall spill of cohesionless powders with a fall distance of less 
than 3 m (DOE-HDBK-3010-94). 
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6 .  The RF (used only for calculating radiological consequences) is 0.3 for a free-fall spill of 
a cohesionless powder with a fall distance of less than 3 m (DOE-HDBK-3010-94). 

7. The airborne release rate (ARR) for aerodynamic entrainment and resuspension of a 
homogeneous bed of powder exposed to ambient conditions is 4 x hi1 
(DOE-HDBK-3010-94). 

8. The RF (used only for radiological consequences) is 1.0 for aerodynamic entrainment and 
resuspension of a homogeneous bed of powder exposed to ambient conditions 
(DOE-HDBK-3010-94). 

9. The integrated atmospheric dispersion coefficients for the initial spill are 3.28 x lo-* s/m3 
and 2.22 x 
95‘h percentile overall x/Qs provided in RPP-13482, Tables 2-4 and 2-5. The appropriate 
x /Qs  for use with the resuspension and entrainment portion of the release are the 8-br 
95‘hpercentile overall x/Qs,  5.58 x lo” s/m3 for the onsite receptor, and 7.90 x 
for the offsite receptor. The assumptions, input parameters, and derivation of these 
values are documented in RF’P-13482. 

s/m3 for the onsite and offsite receptors, respectively. These are the 1-hr 

s/m3 

F5.0 CALCULATIONS 

F5.1 

F5.1.1 Calculation of Airborne Release Fraction 

As stated in Section B4.0, Item 4, the bounding ARF for a spill of a cohesionless powder from a 
height greater than 3 m is a function of the mass spilled and the spill height. A breach of the 
dryer could occur at any height above its bottom. However, as the breach gets higher, there will 
be less dried waste above the breach available to leak out. A parametric calculation was 
performed to assess the height at which the maximum airborne release would be expected. 

The waste dryer is a horizontal cylinder. To calculate the volume above a breach as a function of 
the height of the breach above the dryer bottom, 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: 

DRIED WASTE SPILL FROM GREATER THAN 3 M 

For: x 9 
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Spill 
Height 

(H in ,,,, 

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

Material at Risk Material at Risk Airborne Release 

(L) 
A R F B  (Spill Volume in L) (Ma in kg) 

and 

For: x > r  

6.426 

x' = 2r --x 

0 0 0 0 

where: 

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

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

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

The fill level for the dryer when it is 60% full (6,120 L) is 0.93 m above the bottom of the tank. 
Therefore, a breach above that level will not result in a release of dried material. Table F5-1 
shows the results of calculating the volume and mass of waste above a series of assumed breach 
heights, the ARF, and the resulting volume of airborne dried waste released. 

6.4 209 334 0.019 4.00 

6.2 1,828 2,925 0.0233 43 

6.1 c I ! I 
2.625 4.200 0.024 62 

6 

I 5.8 I 4,795 I 7.671 I 0.023 I 108 I 

3,395 5,432 0.023 80 

5.9 4,124 6,599 0.023 95 

5.7 5,383 8,612 0.022 119 

5.5 6,118 9,790 0.020 126 
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As shown in Table F5-1, the maximum airborne release would be 126 L of dried waste spilled 
from a breach at the bottom of the waste dryer. 

F5.1.2 Onsite Radiological Consequences 

As stated in Section F3.1, the onsite dose for a free-fall spill of cohesionless powder is found 
using the methodology in RPP-13482. The onsite dose is given by Equation F-1: 

DsprN = (Q, released)(X/Q3(BR)(ULD) 

where: 

Q, released = liters of respirable material released to the environment (L) 
= M A R x D R x A R F x R F  
= (6,120 L)(1)(0.020)(1.0) 
= 126L 
= onsite atmospheric dispersion coefficient 
= 3.28 x lo-* s/m3 

= 3.33 x lo4 m3/s 
= (onsite ULD before drying) (concentration factor) 
= (1,200 Sv/L)(8.1) 
= 9,720 SvIL. 

xIQ’ 

BR = Breathing rate 

ULD 

The onsite dose for free-fall spills is: 

D,i// = (126 L)(3.28 x 10.’ s/m3)(3.33 x m3/s)(9,720 Sv/L) = 13 Sv 

The onsite dose for entrainment and resuspension can be found similarly using the ARR: 

Denwninmeni = (Q, released)(X/Q3(BR)(ULD) 

where: 

Q, released = liters of respirable material released to the environment (L) 
= MAR x DR x ARR x R F x  release time 
= (6,120 L)(1)(4 x 
= 1.96L 

h-’)(1.0)(8 h) 

xIQ‘ 

BR = Breathing rate 

ULD 

= onsite atmospheric dispersion coefficient 
= 5.58 x 10” s/m3 

= 3.33 x 10 m /s 
= (onsite ULD before drymg) (concentration factor) 
= (1,200 Sv/L)(8.1) 
= 9,720 Sv/L. 

4 3  
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The onsite dose due to entrainment is: 

4 3  Denlrnrnmenl = (1.96 L)(5.58 x IO" s/m3)(3.33 x 10- m /s)(9,720 SvL) = 0.035 Sv 

The total onsite dose is the sum of the dose due to the free-fall spill and the entrainment from the 
unconfined powder: 

Dose = Dsplir + Denfroinmefit 

Dose = 13 Sv + 0.035 Sv = 13 = 1,300 rem 

F5.1.3 Toxicological Consequences 

F5.1.3.1 Onsite Toxicological Consequences 

As stated in Section F3.1 the toxicological consequences for a free-fall spill of cohesionless 
powder are calculated per the methodology established in RPP-13482. The onsite toxicological 
consequences are determined by Equation F-2: 

Consequence,,il= (Q/g (x /Q 3 (SOF Multiplier) 

where: 

Consequence 
Q/t 

= final sum of fractions value, unitless 
= rate of release to the environment (m3/s) 
= (MAR x DR x ARF)/t 
= (6,120 L)(1)(0.020)/600 s 
= 0.20 L/S (1 m3/1 x io3 L) = 2.0 x 10- m /s 
= onsite atmospheric dispersion coefficient 
= 3.28 x s/m3 

= (TEEL-2 SOF) = 5.60 x 10' 
= (TEEL-3 SOF) = 3.39 x 10'. 

4 3  

x/Q ' 
SOF Multiplier = sum-of-fractions multiplier, unitless 

The onsite moderate toxicological consequence for a spill (based on TEEL-2) is: 

m3/s)(3.28 x Consequence = (2.0 x s/m3)(5.60 x lo8) = 3,800 

The onsite high toxicological consequence for a spill (based on TEEL-3) is: 

4 3  Consequence = (2.0 x 10- m /s)(3.28 x s/m3)(3.39 x IO') = 2,300 

The onsite consequence for entrainment and resuspension can be found similarly using the ARR: 

Consequence,,,,inmenf = (Q/t)(x/Q?(SOF Multiplier) 

F-10 
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where: 

Consequence = final sum of fractions value, unitless 
Q/t = rate of release to the environment (m3/s) 

= MAR x DR x ARR x conversion factor 
= (6,120 L)(1)(4 x 
= 6.8 x L/s = 6.8 x 10- m /s 
= onsite atmospheric dispersion coefficient 
= 3.28 x s/m3 

= (TEEL-2 SOF) = 5.60 x 10' 
= (TEEL-3 SOF) = 3.39 x 10'. 

hf')(l hr/3,600 s) 
8 3  

xIQ' 

SOF Multiplier= sum-of-fractions multiplier, unitless 

The onsite moderate toxicological consequence for entrainment (based on TEEL-2) is: 

Consequence = (6.8 x 10- 8 3  m /s)(3.28 x 10.' s/m3)(5.60 x 10') = 1.25 

The onsite high toxicological consequence for entrainment (based on TEEL-3) is: 

Consequence = (6.8 x 10- 8 3  m /s)(3.28 x s/m3)(3.39 x IO') = 0.076 

The overall onsite toxicological consequences can be found by summing the contribution of the 
free-fall spill with the subsequent entrainment and resuspension. 

The total onsite moderate toxicological consequence (based on TEEL-2) is: 

Consequence = 3,800 + 1.25 = 3,800 

The total onsite high toxicological consequence (based on TEEL-3) is: 

Consequence = 2,300 + 0.076 = 2,300. 

F5.1.3.2 Offsite Toxicological Consequences 

The offsite toxicological consequences are determined similarly: 

Consequence = (Q/t)(x/QY(SOF Multiplier) 

where: 

Consequence = final sum of fractions value, unitless 
Q/t = rate of release to the environment (rn3/s) 

= (MAR x DR x ARF)/i 
= (6,120 L)(1)(0.020)/600 s 
= 0.20 L/s = 2.0 x 10- m /s 
= offsite atmospheric dispersion coefficient 
= 2.22 x  IO-^ s/m3 

4 3  

YQ' 
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SOF Multiplier = sum-of-kactions multiplier, unitless 
= (TEEL-1 SOF) = 1.71 x lo9 
= (TEEL-2 SOF) = 5.60 x 10'. 

The offsite moderate toxicological consequence for a spill (based on TEEL-1) is: 

Consequence = (2.0 x loe4 m3/s)(2.22 x s/m3)(1.71 x lo9) = 7.9 

The offsite high toxicological consequence for a spill (based on TEEL-2) is: 

s/m3)(5.60 x 10') = 2.6 4 3  Consequence = (2.0 x 10 m /s)(2.22 x 

The offsite consequence for entrainment and resuspension can be found similarly using the ARR: 

Consequence,,,,,,,,t = (Q/t)(x/Qv(SOF Multiplier) 

where: 

Consequence = final sum of fractions value, unitless 
Q/t = release to the environment (m3/s) 

= MAR x DR x ARR x conversion factor 
= (6,120 L)(1)(4 x 10-j hY')(l hr/3,600 s) 
= 6.8 x 10.' L/s = 6.8 x 10' m i s  
= offsite atmospheric dispersion coefficient 
= 2.22 x 10 .~  s/m3 

= (TEEL-1 SOF) = 1.71 x lo9 
= (TEEL-2 SOF) = 5.60 x 10'. 

8 3  

XIQ' 

SOF Multiplier = sum-of-fractions multiplier, unitless 

The offsite moderate toxicological consequence for entrainment (based on TEEL-1) is: 

8 3  Consequence = (6.8 x 10- m /s)(2.22 x s/m3)(1.71 x lo9) = 2.6 x 10" 

The offsite high toxicological consequence for entrainment (based on TEEL-2) is: 

Consequence = (6.8 x 10- m /s)(2.22 x 10-j s/m3) (5.60 x 10') = 8.4 x lo4 8 3  

The overall offsite toxicological consequences can be found by summing the contribution of the 
free-fall spill with the subsequent entrainment and resuspension. 

The total offsite moderate toxicological consequence (based on TEEL-1) is: 

Consequence = 7.9 + 2.6 x lo5 = 7.9 

The total offsite high toxicological consequence (based on TEEL-2) is: 

Consequence = 2.6 + 8.4 x lo4 = 2.6 
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The consequences are also presented in Section F6.0, Tables F6-1 and F6-2. 

F5.2 

F5.2.1 Onsite Radiological Consequences 

As stated in Section F3.1, the onsite dose for a free-fall spill of cohesionless powder is found 
using the methodology in RPP-13482. The onsite dose is given by Equation F-1: 

SPILL FROM LESS THAN 3 M 

DspL1l = (Q, releused)(X/Q~(BR)(uLD) 

where: 

Q, released = liters of respirable material released to the environment (L) 
= MARxDRxARFxRF 
= (6,120 L)(1)(2 x 10”)(0.3) 
= 3.7 L 
= onsite atmospheric dispersion coefficient 
= 3.28 x 10.’ s/m3 

xIQ’ 

BR = breathing rate 

ULD 
= 3.33 io4 m3/s 

= (1,200 SV/L)(8.1) 
= (onsite ULD before drying) (concentration factor) 

= 9,720 Sv/L. 

The onsite dose for free-fall spills is: 

4 3  
Dspjll = (3.7 L)( 3.28 x 10.’ s/m3)(3.33 x 10- m /s)(9,720 SvIL) = 0.39 Sv 

The onsite dose for entrainment and resuspension is 0.035 Sv, as calculated in Section F5.1.2. 

The total onsite dose is the sum of the dose due to the free-fall spill and the entrainment from the 
unconfined powder: 

Dose Dspiir + Dentroinrnent 
Dose = 0.39 Sv + 0.035 Sv = 0.42 = 42 rem 

F5.2.2 Toxicological Consequences 

F5.2.2.1 Onsite Toxicological Consequences 

As stated in Section 3.1 the toxicological consequences for a free-fall spill of cohesionless 
powder are calculated per the methodology established in RPP-13482. The onsite toxicological 
consequences are determined by Equation F-2: 

Consequencespil~ = (Q/t)(x/Q?(SOF Multiplier) 
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where: 

Consequence = final sum of fractions value, unitless 
Q/t = rate of release to the environment (m3/s) 

= (MAR n DR x ARF)/t 
= (6,120 L)(l)( 2 x 10-3)/600 s 
= 2.0 x 10.’ L/S = 2.0 x 10- m /s 
= onsite atmospheric dispersion coefficient 
= 3.28 x 10.’ s/m3 

= (TEEL-2 SOF) = 5.60 x lo8 
= (TEEL-3 SOF) = 3.39 x lo8. 

5 3  

x/Q’ 
SOF Multiplier = sum-of-fractions multiplier, unitless 

The onsite moderate toxicological consequence for a spill (based on TEEL-2) is: 

Consequence = (2.0 x m3/s)(3.28 x 10.’ s/m3)(5.60 x lo8) = 380 

The onsite high toxicological consequence for a spill (based on TEEL-3) is: 

Consequence = (2.0 x 10. m /s)(3.28 x 10.’ s/m3)(3.39 x lo8) = 230 5 3  

The onsite toxicological consequence for entrainment and resuspension was calculated in 
Section F5.1.3.1. The onsite moderate toxicological consequence for entrainment (based on 
TEEL-2) is 1.25. The onsite high toxicological consequence for entrainment (based on TEEL-3) 
is 0.076. 

The overall onsite toxicological consequences can be found by summing the contribution of the 
free-fall spill with the subsequent entrainment and resuspension. 

The total onsite moderate toxicological consequence (based on TEEL-2) is: 

Consequence = 380 + 1.25 = 380 

The total onsite high toxicological consequence (based on TEEL-3) is: 

Consequence = 230 + 0.076 = 230 

F5.2.2.2 Offsite Toxicological Consequences 

The offsite toxicological consequences are determined similarly: 

Consequence = (Q/t)(x /Q 3 (SOF Multiplier) 
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where: 

Consequence 
Q/t 

= final sum of fractions value, unitless 
= rate of release to the environment (m3/s) 
= (MAR x DR x ARF)/t 
= (6,120 L)(1)(2 x 10-’)/600 s 
= 2.0 x IO-* US = 2.0 x 10- m /s 
= offsite atmospheric dispersion coefficient 
= 2.22 x 10.~ s/m3 

= (TEEL-1 SOF) = 1.71 x lo9 
= (TEEL-2 SOF) = 5.60 x lo8. 

5 3  

XIQ’ 

SOF Multiplier= sum-of-fractions multiplier, unitless 

The offsite moderate toxicological consequence for a spill @ased on TEEL-1) is: 

5 3  Consequence = (2.0 x 10- m /s)(2.22 x s/m3)(1.71 x lo9) = 0.77 

The offsite high toxicological consequence for a spill (based on TEEL-2) is: 

s/m3)(5.60 x lo8) = 0.25 5 3  Consequence = (2.0 x 10- m /s)(2.22 x 

The offsite consequence for entrainment and resuspension were calculated in Section F5.1.3.2. 
The offsite moderate toxicological consequence for entrainment (based on TEEL-1) is 2.6 x 
The offsite high toxicological consequence for entrainment (based on TEEL-2) is 8.4 x 

The overall offsite toxicological consequences can be found by summing the contribution of the 
free-fall spill with the subsequent entrainment and resuspension. 

The total offsite moderate toxicological consequence (based on TEEL-1) is: 

Consequence = 0.77 + 2.6 x 10.’ = 0.78 

The total offsite high toxicological consequence (based on TEEL-2) is: 

Consequence = 0.25 + 8.4 x IO4 = 0.26 

SPILL OF A SINGLE DRUM F5.3 

F5.3.1 Onsite Radiological Consequences 

As stated in Section F3.1, the onsite dose for a free-fall spill of cohesionless powder is found 
using the methodology in RPP-13482. The onsite dose is given by Equation F-1: 

DSplrr = (Q, released)(x/Q3(BR)(ULD) 
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where: 

Q, released = liters of respirable material released to the environment (L) 
= MAR x DR x ARFx RF 
= (208 L)(1)(2 x 10-3)(0.3) 
= 0.125 L 
= onsite atmospheric dispersion coefficient 
= 3.28 x 1 OS2 s/m3 
= breathing rate 
= 3.33 x 10 m /s 
= (onsite ULD before drying) (concentration factor) 
= (1,200 Sv/L)(8.1) 
= 9,720 Sv/L. 

x/Q‘ 
BR 

ULD 

4 3  

The onsite dose for free-fall spills is: 

DSpi/l = (0.125 L)(3.28 x 10.’ s/m3)(3.33 x m3/s)(9,720 Sv/L) = 0.013 Sv 

The onsite dose for entrainment and resuspension can be found similarly using the ARR: 

Deniminment = (Q, released)(x/Q3(BR)(ULD) 

where: 

Q, released = liters of respirable material released to the environment (L) 
= MAR x DR x ARR x RF x release time 
= (208 L)(1)(4 x 10” h-’)(1.0)(8 h) 
= 0.066 L 
= onsite atmospheric dispersion coefficient 
= 5.58 x lo” s/m3 

= 3.33 x m3/s 
= (onsite ULD before drying) (concentration factor) 
= (1,200 Sv/L)(S.l) 
= 9.720 Sv/L. 

x/Q’ 
BR = breathing rate 

ULD 

The onsite dose due to entrainment is: 

Denfrninrnenl = (0.066 L)(5.58 x 10” s/m3)(3.33 x lo4 m3/s)(9,720 Sv/L) = 1.2 x lo” Sv 

The total onsite dose is the sum of the dose due to the free-fall spill and the entrainment from the 
unconfined powder: 

Dose Dspi/ /  + Denminmm 
Dose = 0.013 Sv + 1.2 x 10” Sv = 0.014 = 1.4 rem 
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F5.3.2 Toxicological Consequences 

F5.3.2.1 Onsite Toxicological Consequences 

As stated in Section F3.1 the toxicological consequences for a free-fall spill of cohesionless 
powder are calculated per the methodology established in RPP-13482. The onsite toxicological 
consequences are determined by Equation F-2: 

Consequencespur = (Q/t)(x/Q3(SOF Multiplier) 

where: 

Consequence = final sum of fractions value, unitless 
Q/t = rate of release to the environment (m3/s) 

= (MAR x DR x ARF)/t 
= (208 L)(1)(2 x 10”)/60 s 
= 6.9 x 10.’ L/s = 6.9 x 10- m i s  
= onsite atmospheric dispersion coefficient 
= 3.28 x lo-* s/m3 

= (TEEL-2 SOF) = 5.60 x 10’ 
= (TEEL-3 SOF) = 3.39 x 10’. 

6 3  

x/Q’ 

SOF Multiplier = sum-of-fractions multiplier, unitless 

The onsite moderate toxicological consequence for a spill (based on TEEL-2) is: 

Consequence = (6.9 x loe6 m3/s)(3.28 x s/m3)(5.60 x 10’) = 130 

The onsite high toxicological consequence for a spill (based on TEEL-3) is: 

s/m3)(3.39 x 10’) = 77 6 3  Consequence = (6.9 x 10- m /s)(3.28 x 

The onsite consequence for entrainment and resuspension can be found similarly using the ARR: 

Consequence,,,,,,,,, = (Q/t)(x/QY(SOF Multiplier) 

where: 

Consequence 
Q/t 

= final sum of fractions value, unitless 
= rate ofrelease to the environment (m3/s) 
= MAR x DR x ARR x conversion factor 
= (208 L)(1)(4 x 10” hr-’)(l hr/3,600 s) 
= 2.3 x W s  = 2.3 x m3/s 
= onsite atmospheric dispersion coefficient 
= 3.28 x 10.’ s/m3 

= (TEEL-2 SOF) = 5.60 x 10’ 
= (TEEL-3 SOF) = 3.39 x IO’. 

x/Q’ 

SOF Multiplier= sum-of-fractions multiplier, unitless 
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The onsite moderate toxicological consequence for entrainment (based on TEEL-2) is: 

Consequence = (2.3 x m3/s)(3.28 x 10.' s/m3)(5.60 x 10') = 0.042 

The onsite high toxicological consequence for entrainment (based on TEEL-3) is: 

Consequence = (2.3 x m3/s)(3.28 x 10.' s/m3)(3.39 x 10') = 0.026 

The overall onsite toxicological consequences can be found by summing the contribution of the 
free-fall spill with the subsequent entrainment and resuspension. 

The total onsite moderate toxicological consequence (based on TEEL-2) is: 

Consequence = 130 + 0.042 = 130 

The total onsite high toxicological consequence (based on TEEL-3) is: 

Consequence = 77 + 0.026 = 77 

F5.3.2.2 Offsite Toxicological Consequences 

The offsite toxicological consequences are determined similarly: 

Consequence = (Q/t)(x/Q3(SOFMultiplier) 

where: 

Consequence 
Q/t 

= final sum of fractions value, unitless 
= rate of release to the environment (m3/s) 
= (MAR x DR x ARF)/t 
= (208 L)(1)(2 x 10-')/60 s 
= 6.9 x L/s = 6.9 x 10- m i s  
= offsite atmospheric dispersion coefficient 
= 2.22 x s/m3 

= (TEEL-1 SOF) = 1.71 x lo9 
= (TEEL-2 SOF) = 5.60 x 10'. 

6 3  

x/Q' 
SOF Multiplier = sum-of-fractions multiplier, unitless 

The offsite moderate toxicological consequence for a spill (based on TEEL-1) is: 

Consequence = (6.9 x 10- 6 3  m /s)(2.22 x s/m3)(1.71 x lo9) = 0.26 

The offsite consequence for entrainment and resuspension can be found similarly using the ARR: 

Consequence,,t,i,,,r = (Q/t)(x/Q3(SOF Multiplier) 
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where: 

Consequence = final sum of fractions value, unitless 
Q/t = release to the environment (m3/s) 

= MAR x DR x ARR x conversion factor 
= (208 L)(1)(4 x IO-’ hf‘)(l hr/3,600 s) 
= 2.3 x Lis = 2.3 x 10- m /s 
= offsite atmospheric dispersion coefficient 
= 2.22 x 1O-j s/m3 

= (TEEL-1 SOF) = 1.71 x lo9 
= (TEEL-2 SOF) = 5.60 x IO8. 

9 3  

x/Q‘ 
SOF Multiplier = sum-of-fractions multiplier, unitless 

The offsite moderate toxicological consequence for entrainment (based on TEEL-1) is: 

Consequence = (2.3 x m3/s)(2.22 x s/m3)(l.71 x lo9) = 8.8 x IO-’ 

The overall offsite toxicological consequences can be found by summing the contribution of the 
free-fall spill with the subsequent entrainment and resuspension. 

The total offsite moderate toxicological consequence (based on TEEL-1) is: 

Consequence = 0.26 + 8.8 x 10.’ = 0.26 

F5.4 Filtration Failures 

Filtration failure scenarios considered are: 

High-efficiency particulate air (HEPA) filter failure due to high temperature 

HEPA filter failure due to high pressure 

Leakage around HEPA filters due to maintenance failure, misaligned filter, or damage to 
ductwork. 

The following assumptions and input data apply to the filter failure scenarios: 

The exhaust HEPA filter loading for the CH-TRUM Off-Gas Treatment System (OGTS) 
is 1 L of dried waste based on filter plugging data. Prefilters are assumed to be loaded 
with 10% of the maximum waste on a HEPA filter. 

Both first and second stage HEPA filters, prefilters, and the activated carbon filter are 
assumed to have a high waste loading and are assumed to be involved in a filter failure 
accident. 
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. For purposes of estimating toxicological release rates, the filter releases from the over 
pressure event are assumed to be complete in less than 1 min. 

For purposes of estimating toxicological release rates, the filter releases from the over 
temperature event are assumed to occur over a period of 15 min. 

Release fractions from HEPA filters failed by over pressure or high temperature events 
are 2 x low6 and 1 x lo4, respectively as recommended in DOE-HDBK-3010-94. 

. 

F5.4.1 Eight-Hour Unfiltered Release 

The dust generated by the process is assumed to be equal to the nominal throughput rate given as 
4.2 x 10” kg/h of dried sludge with a bulk density of 2.0 kg/L. On a volumetric basis the dust 
flow rate is then 0.0021 L/h or 5.8 x 10- m /s. The 8-hr release would then be 0.017 L. For 
purposes of this analysis it is assumed that the dust flow rate into the filters is proportional to the 
air flow rate. 

F5.4.1.1 Onsite Radiological Consequences 

The resulting radiological dose due to the 8-hr continuous releases from the OGTS with no 
filtration is shown below. 

The onsite dose is found using the methodology in RPP-13482. 

IO 3 

Donsr~e = (Q, released)(x/Q ‘,,,,I~)(BR)(~LD,,,~~~ 

where: 

Q, released = liters of respirable material released to the environment (L) 
= 0.017 L 

X/Q’,,,,,~, = onsite 8-hr atmospheric dispersion coefficient 
= 5.58 x s/m3 

BR = breathing rate 

ULD,,,,, = onsite ULD 
= 3.33 10.~ m3/s 

= (1,200 x 8.1) SV/L 

The dose is calculated as follows: 

5.58xlO-’s 3.33x104m’ 1200Sv x8,1 1 OOrem 
0.017Lx X X . = 0.03lrem 

m’ S L sv 
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Table F5-3. Radioloeical Doses Due to 8-Hr Continuous Unfiltered Release. 
I I 8-Hr Release I 

Onsite I 0.017 I 3.1 x lo4 I 0.031 I 

FS.4.1.2 Toxicological Consequences 

The toxicological consequences are calculated per the methodology established in RPP-13482 

Onsite Consequence = (Q/~)(x/Q',,~~~,J(SOF Multiplier) 

where: 

Consequence = final sum of fractions value, unitless 
Q/t = rate of release to the environment, 5.8 x 10- m /s 
XIQ' = onsite 1-hr atmospheric dispersion coefficient 

= 3.28 x s/m3 
SOF Multiplier = sum-of-fractions multiplier, unitless. 

10 3 

The onsite moderate toxicological consequence, based on the TEEL-2 SOF multiplier is: 

Onsite Consequence(nioderute) = (5.8 x lo-" m3/s)(3.28 x s/m3)(5.6 x 10') = 0.01 1 

where: 

5.6 x 10' = TEEL-2 SOF multiplier 

The offsite toxicological consequences are determined similarly: 

Consequence = (Q/t)(X/Q?(SOF Multiplier) 

where: 

Consequence 
Q/t 
xIQ' 

SOF Multiplier = sum-of-fractions multiplier, unitless. 

= final sum of fractions value, unitless 
= rate of release to the environment, 5.8 x 10- m /s 
= offsite 1 -hr atmospheric dispersion coefficient 
= 2.22 x 10.~ s/m3 

IO 3 

The offsite moderate toxicological consequence, based on the TEEL-1 SOF multiplier calculated 
in Section F6.1, is: 

Offszte Consequence(moderute) = (5.8 x 10.'' m3/s)(2.22 x 10.' s/m3)(1.7 x lo9) = 2.2 x 10.' 

where: 
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1.7 io9 = TEEL-1 SOF multiplier 

The resulting SOFs for the continuous unfiltered release are shown in Table F5-4. 

Table F5-4. Toxicological Sum of Fractions Relative to the Consequence Class 
Thresholds for a Continuous Unfiltered Release. 

se Rate (L/d I Sum of Fractions 1 

F5.4.2 HEPA Filter Failure Due to High Temperature 

The HEPA filter release fraction for the high temperature filter failure scenario is assumed to be 
1 x lo4 based on recommendations in Section 5.4.1 of DOE-HDBK-3010-94. This release 
fraction is assumed to also apply to the prefilter and the material in the upstream filtration 
system. 

F5.4.2.1 Onsite Radiological Consequences 

The onsite dose for the release from the filter due to high temperature is found using the 
methodology in RPP-13482: 

D = (Q, released)(X/e?(BR)(ULD) 

liters of respirable material released to the environment (I-) 
MARxDRxARFxRF 
(5.2 L)(1)(1 x 104)(1) 

onsite 1-hr atmospheric dispersion coefficient 
3.28 x s/m3 
breathing rate 
3.33 x m3/s 
onsite ULD 
Sludge ULD x Concentration Factor 
(1200 Sv/L)(8.1). 

5.2 10 .~  L 

1 OOrem 5.2 x 1 0 - 4 L X  X X x8.1x = 5.5 x rem 
m3 S L s v  

3.28 x 1 O-' s 3.33 x 1 0-4 m3 1200Sv 
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The scenario includes 8-hr unfiltered release through the failed filters. Table F5-3 shows the 
radiological doses due to the 8-hr continuous release from the OGTS with no filtration. The 
total consequence for the filter failure due to high temperature is the sum of the release from the 
filters and the 8-hr continuous unfiltered release. 

D,,, = 0.031 rem + 5.5 x 10” rem = 0.36 rem 

F5.4.2.2 Toxicological Consequences 

In the case of toxicological exposures, the maximum concentration at the receptor is the 
operative parameter so that the 1-hr x/Q (is., without plume meander) is used. The release rate 
Q‘ is given in terms of liters of dried waste released per second averaged over a 15-min release 
time. The release rate must be divided by 1,000 L/m3 to make the units compatible with the x/Q. 

Consistent with previous filtration failure analyses for tank farms facilities, it is assumed that the 
release from the filter in the high temperature failure scenario requires at least 15 min so the 
release is averaged over 900 s (15 min). The combined case with both the filter release and the 
unfiltered release from the OGTS is also shown. It is assumed that both releases occur 
concurrently and are thus additive. 

The onsite toxicological consequences are determined: 

Onsite Consequence = (Q/~)(X/Q’~,,~,J(SOF Multiplier) 

where: 

Consequence 
Q/t 

XIQ’ 

SOF Multiplier = sum-of-fractions multiplier, unitless. 

= final sum of fractions value, unitless 
= rate of release to the environment 
= (5.2 L)(1 x 104)/(900 s)(l,OOO L/m3) = 5.8 x lo-’’ m3/s 
= Onsite 1 -hr atmospheric dispersion coefficient 
= 3.28 x s/m3 

The onsite moderate toxicological consequence, based on the TEEL-2 SOF multiplier is: 

IO 3 Onsite Consequence(moderate) = (5.8 x 10- m /s)(3.28 x 10.’ s/m3)(5.6 x lo8) = 0.01 1 

where: 

5.6 x lo8 = TEEL-2 SOF multiplier 

It is assumed that both releases occur concurrently and are thus additive. The combined onsite 
moderate toxicological consequence, based on the TEEL-2 SOF multiplier, from the high- 
temperature filter failure and the 8-hr continuous unfiltered release is: 

Combined Onsite Consequence(moderate) = 0.01 1 + 0.01 1 = 0.022 
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The offsite toxicological consequences are determined similarly: 

Consequence = (Q/t)(x/Qy(SOF Multiplier) 

where: 

Consequence = final sum of fractions value, unitless 
Q/t = rate ofrelease to the environment, 5.8 x 10- m i s  
x/Q’ = offsite 1-hr atmospheric dispersion coefficient 

= 2.22 x 10’ s/m3 
SOF Multiplier = sum-of-fractions multiplier, unitless. 

10 3 

The offsite moderate toxicological consequence, based on the TEEL-1 SOF multiplier is: 

Offsite Consequence(moderate) = (5.8 x 10.’’ m3/s)(2.22 x 10.’ s/m3)(l.7 x lo9) = 2.2 x 10.’ 

where: 

1.7 x io9 = TEEL-1 SOF multiplier 

It is assumed that both releases occw concurrently and are thus additive. The combined onsite 
moderate toxicological consequence, based on the TEEL-2 SOF multiplier, from the high- 
temperature filter failure and the 8-hr continuous unfiltered release is: 

Combined Offsite Consequence(moderate) = 2.2 x + 2.2 x 10.’ = 4.4 x 10.’ 

F5.4.3 HEPA Filter Failure Due to High Pressure 

The filter release fraction for the high pressure failure scenario is assumed to be 2 x lo6  based on 
recommendations in Section 5.4.2.1 of DOE-HDBK-3010-94. This release fraction is assumed 
to also apply to the prefilter and the material in the upstream filtration system. 

F5.4.3.1 Onsite Radiological Consequences 

The onsite dose for the release from the filter due to high pressure is found using the 
methodology in RPP-13482: 

D = (Q, ~ e ~ e a s e d ) ( x / Q ~ ( ~ R ) f ~ ~ D )  

where: 

Q, released = liters of respirable material released to the environment (L) 
= MAR x DR x ARFx R F  
= (5.2 L)(12(2 x 10-6)(1) 
= 1.ox 10- L 
= onsite 1-hr atmospheric dispersion coefficient 
= 3.28 x lo-* s/m3 

= 3.33 x 10 .~  m3/s 

YQ’ 

BR = breathing rate 
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ULD = onsiteULD 
= Sludge ULD x Concentrationfactor 
= (1,200 Sv/L)(&l). 

1 OOrem 1.0 x L x  X x -  ~ 8 . 1 ~  = 1 .I x rem 3 . 2 8 ~ 1 0 - ~ s  3.33x104m’ 1200Sv 
m’ S L s v  

The scenario includes 8 hr unfiltered release through the failed filters. Table F5-3 shows the 
radiological doses due to the 8-hr continuous release from the OGTS with no filtration. The total 
consequence for the filter failure due to high temperature is the sum of the release from the filters 
and the 8-hr continuous unfiltered release. 

Dtot,l=0.031 rem+ 1.1 x 10-4rem=0.031 rem 

F5.4.3.2 Toxicological Consequences 

Consistent with previous filtration failure analyses for tank farms facilities, it is assumed that the 
release from the filter in the high pressure failure scenario requires less than 1 min so the release 
is averaged over 60 s (1 min). It is assumed that the release from the filters and the 8-hr 
unfiltered release occur concurrently and are thus additive. 

The onsite toxicological consequences are determined: 

Onsite Consequence = (Q/t)(x/Q:,,itJ(SOF Multiplier) 

where: 

Consequence = final sum of fractions value, unitless 
= rate of release to the environment 
= (5.2 L)(2 x 10-6)/(60 s)(l,OOO Wm3) = 1.7 x 10- m /s 
= onsite 1 -hr atmospheric dispersion coefficient 
= 3.28 x 10” s/m3 

10 3 
Q/t 

x/Q’ 
SOF Multiplier = sum-of-fractions multiplier, unitless. 

The onsite moderate toxicological consequence, based on the TEEL-2 SOF multiplier is: 

Onsite Consequence(moderate) = (1.7 x 

where: 

m3/s)(3.28 x lo-’ s/m3)(5.6 x 10’) = 3.1 x lom3 

5.6 x 10‘ = TEEL-2 SOF multiplier 

It is assumed that both releases occur concurrently and are thus additive. The combined onsite 
moderate toxicological consequence, based on the TEEL-2 SOF multiplier, from the high- 
pressure filter failure and the 8-hr continuous unfiltered release is: 

Combined Onsite Consequence(moderate) = 0.01 1 + 3.1 x 10” = 0.014 
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Case 

Dried waste spill from greater than 
3 m  

Dried waste spill from less than 
3 m (drver contents) 

The offsite toxicological consequences are determined similarly: 

Consequence = (Q/t)(x/QY(SOF Multiplier) 

where: 

Consequence = final sum of fractions value, unitless 
Q/t = rate ofrelease to the environment, 1.7 x 10' m /s 
x/Q' = offsite 1-hr atmospheric dispersion coefficient 

= 2.22 x l o 5  s/m3 
SOF Multiplier = sum-of-fractions multiplier, unitless. 

10 3 

The offsite moderate toxicological consequence, based on the TEEL-1 SOF multiplier is: 

Offsite Consequence(moderate) = (1.7 x 10.'' m3/s)(2.22 x s/m3)(1.7 x lo9) = 6.4 x 

where: 

1.1 x io9 = TEEL-1 SOF multiplier 

It is assumed that both releases occur concurrently and are thus additive. The combined onsite 
moderate toxicological consequence, based on the TEEL-2 SOF multiplier, from the high- 
pressure filter failure and the 8-hr continuous unfiltered release is: 

Combined Offsite Consequence(moderate) =2.2 x + 6.4 x = 2.8 x 

Onsite radiological consequences 
Moderate 

guideline 
(rem) (rem) 

(rem) 

1,300 25 100 

42 25 100 

High consequence 
guideline Calculated dose consequence 

F6.0 RESULTS 

Tables F6-1 and F6-2 compare the accident consequences with the risk evaluation guidelines. 
Reviewing the consequences shows that the release of dry radioactive waste materials 
representative accident is above the onsite radiological guidelines for high consequences. Both 
onsite and offsite toxicological consequences are also above their respective high consequence 
guideline. 

I Spill o fa  single drum 

Table F6-1. Summary of Onsite Radiological Consequences Without Controls 
for the Release of Drv Radioactive Waste Materials Accidents. 

1.4 25 100 
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Radiological Dose (rem) 

Table F6-2. Summary of Toxicological Consequences Without Controls 

Note: 
SOF = sum of fractions. 

The applicable consequences of the filtration system failure scenarios for the CH-TRUM WPU 
with no credit for the OGTS are summarized in Table F6-3. 

0.037 NA 

Table F6-3. Summary of Consequences of Ventilation System Failure Accidents for the 
Contact-Handled Transuranic Mixed Waste Packaging Unit. 

Toxicological SOF 

Radiological Dose (rem) 
(high) 

Scenario 

High Temperature Filter 
failure (including 
unfiltered release) 

__- ___ 
0.03 1 NA 

High Pressure Filter 
Failure (including 
unfiltered release) Toxicological SOF 

Radiological Dose (rem) 
(high) 

Continuous Unfiltered 
Release (no filter failure) 

--. ... 

0.031 NA 

I 

0.01 1 
Toxicological SOF 

(moderate) 

Toxicological SOF ... 
(high) 

Exposure Type 1 Onsite Receptor I Offsite Receptor I 

2.2 x 10-j 

_ _ _  

0.022 1 4.4 x 10-5 Toxicological SOF 
(moderate) I 

0.014 ~ 2 . 8 ~  10.’ Toxicological SOF 
(moderate) I 

Notes: 
NA 
SOF 

= not applicable for this analysis. 
= sum of fractions relative to moderate consequences. 

The results in Table F6-3 show that the OGTS filtration failure scenarios result in low 
consequence radiological and toxicological exposure for all scenarios and all receptors 

F-27 



RPP-20725 REV 1 

F7.0 REFERENCES 

DOE-HDBK-3010-94,2000, Airborne Release Fractions/Rates and Respirable Fractions for  
Nonreactor Nuclear Facilities, Change Notice No. 1, U.S. Department of Energy, 
Washington, D.C. 

Gregory, W. S., R. A. Martin, T. R. Smith and D. E. Fenton, 1982, Response of HEPA Filters to 
Simulated Accident Conditions, Proceedings of the 17'h DOE Nuclear Air Cleaning 
Conference held in Denver, Colorado, 2-5 August 1982, COW-820833, Volume 2. 

RPP-5924,2003, Radiological Source Terms for Tank Farms Safety Analysis, Rev. 4, 
CH2M HILL Hanford Group, Inc., Richland, Washington. 

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

RPP- 13482,2005, Atmospheric Dispersion Coefficients and Radiological/Toxicological 
Exposure Methodology for  Use in Tank Farms, Rev. 4, CH2M HILL Hanford Group, 
Inc., Richland, Washington. 

Weast, R. C., 1981, CRCHandbook of Chemistly andPhysics, 6lSt Ed., CRC Press, Inc., 
Boca Raton, Florida. 

F-28 



RPP-20725 REV 1 

APPENDIX G 

HUMAN FACTORS EVALUATION AND PEER REVIEW CHECIUISTS FOR THE 
CONTACT-HANDLED TRANSURANIC MIXED WASTE PACKAGING UNIT 
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APPENDIX G 

HUMAN FACTORS EVALUATION AND PEER REVIEW CHECKLISTS FOR THE 
CONTACT-HANDLED TRANSURANIC MIXED WASTE PACKAGING UNIT 

Human Factors Evaluation Checklist. 

Hazard Analyris Title 

Documented Safely 
Analysis Section Number 

CH TRUM Acmdenls 

Chapter 3 of the Contact-Handled Tra~~surmic Mued Waste Processing Unit 
Prelimnary Documented Safety Analysls 

Does the actlvitylcvcnt being plameUa'anslyzcd require human interaction 10 
wccestfdly complete the activity or mitigate coorequmces of the event? 

' 

~ 

I time constraints identified in the hazard analysis? 
1 Have physical obstacles that could prevent successful completion ofthe activity been 

I 
I 

Evaluator: 
3-8-05 I 

Print // Signade Date 

I No new or specific Technical Safely Requirements (excluding Safety Management Programs) h a w  beem allocated 
for the activiticr k ing  analyzed. In other words. no spccific operator actions are credited in thc ~onhol allocation. 
Required activities and necessary training and qualification requirrmenU will be defined by the Safety Management 
Pr0gr.mr. 
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Page I of 2 

W i  
NS&L CHECKLIST FOR TECHNICAL PEER REVIEW 

Document R e v ' e w e g P P -  d 6 7  & I 4  
Scope of Review (e.&, document section or portion of calculation): 

1. 

2. 
3. 
4. 

5.  

6 .  

7. 

8. 

9. 

Previous reviews are complete and cover the analysis, up to the scope of this 
review, with no gaps. *wt#n.mc 
Problem is completely defined. *w.,n.,tiom: 

Accident scenarios are develoned in a clear and loeical manner. 
L 

*Bkpb"dO": 
Anal ical and technical a pmaches and results are reasonable and appropriate. 
(oRYQAPP criterion 2.8j'*w-tim: 
Necessary assum lions are reasonable, explicitly stated, and supported. (ORF 
QAPP criterion 1.2) .Tifinatism: 

Computer codes and data files are documented. 
*.Expfa"dn": 

Data used in calculations are explicitly stated. 
* f i p l m " d O " ;  
Bases for calculations, including assu 
supported safety basis document (e.g.Te Tank Farms Documented Safety 

tions and data, are consistent with the 

Analysis). 
Data were checked for consistency with origjnal source information as applicable. f;"" 8;"" criterion 2.9) *Expbnu!om: 

10. or bot qualitative and quantitative data, uncertainties are recognized and 
discussed, as appropriate. (ORP QAPP criterion 2.I7) 
*€Xpl.,tUb"; 

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

'€rpl.n.rlon: 
12. Models are ap ropriate and were used within their established range of validity or 

ade uate justiication was provided for use outside their established range of 
vadity. *fiplnn.iom: 

13. Spreadsheet results and all hand calculations wae  verified. 
14. c y ! :  

a culations are sutliciently detailed such 1hat.a technically qualified person can 
understand the analysis without requiring outside information. (ORP QAPP 
criterion 2.S) *fiflmatbm: 

15. Sotbare input is correct and consistent with the document reviewed. 
*fi *narion: 

16. Software output is consislent with the input and with the results reported in the 

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

18. Limits/criteria/guidelines a plied to the analysis results are appropriate and 

document reviewed. *fipbn.bn; 

criterion 2.6) * w n u b n :  

referenced. Limits/criteriaPgidelines were checked against references. (ORP 
QAFP criterion 2.9) *&bnatiom: 

19. Safety margins are consistent with good engineering practices. 

20. Conclusions are consistent with analytical results and applicable limits. 

2 I .  Results and conclusions address all points in the purpose. (ORP QAPF criterion 

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

*fiptandio": 

*Bk&".b": 

2.y *w,ma*on: 

list. * ~ y * . ~ . r i ~ ~ :  

and the reference list. 
.qn*n.lio": 

. 

23. Reference citations (e& title and number) are consistent between the text callout 
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NS&L CHECKLlST FOR TECHNlCAL PEER REVlEW 
Page 2 of 2 

24. Only released (Le., 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 

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

30. The Table of Contents is correct. *wambn: 
31. All figure, table, and section callouts are comct. 
32. Unit conversions are correct and consistent. 
33. The number of significant digits is appropriate and consistent. 
34. Chertiical reactions are corned and balanced. 

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

36. The document is complete @ages, attachments, and appendices) and in the proper 

37. The document is free of ographical errors. Only the section($ being reviewed 

38. The tables are internally consistent. * ~ t ~ ~ * ~ :  
39. The document was r ared in accordance with "F-2353, Section 4.3, 

Attachment B, "CaEu%tion Note Format and Preparation Instructions." 

'Wlandion: 

' W ~ " U h :  

crilerion 2.1) * E X P I O ~ ~ :  

*EWkndh:  

cited. .w-ti~~(: 

*Expb"*,;m: 

'Er@n.no": 

*.e+M,;e": 

*Expbn,ion: 

*€4.&nuiOn: 

*&p!nn*,ion: 

order. *m.dan.tiOn: 

was checked for typograp T tcol errors. *wanatior: 

'WIUU." 

Engineenng Change Notice (form A-6003.563 I )  
0 '.3 40 Impacted documents are appropnatcly identified in Blocks 1 and 25 of thu 

*EWt*nuim: 
41. If more than one Technical Peer Reviewer was designated for this document, an 

overall review of the entire document was erformed afler resolution of all 
Technical Peer Review comments and cont!rmed that the document is self- 
consistent and cornplete.*&@-tii..: 

0 0 

0 0 Concurrence 

Reviewer (Printed Name and Signature) Date 

* If No is chosen, an explanation must be provided on this form. 
Additional explanation: 
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