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1.0 INTRODUCTION AND SUMMARY 

The purpose of this document is to evaluate the safety of equipment and operations to off-load 
and store K Basin sludge materials in a double-shell tank (DST) at the Hanford Site. 

1.1 BACKGROUND 

The K Basins, built in the early 1950s, have stored N Reactor fuel underwater from 1978 
through 1987. In 1992, the decision to deactivate the Plutonium-Uranium Extraction (PUREX) Plant 
left approximately 2,100 metric tons of N Reactor Spent Nuclear Fuel (SNF) in the K Basins with no 
means for near term processing. A significant fraction of the SNF has become degraded due to 
cladding breaches during reactor discharge and corrosion that has continued during storage. 

The N Reactor fuel in the K East Basin is stored in open top canisters, some which have 
closed bottoms and others which have screened bottoms. The open canisters release fission products 
into the basin water, that, combined with environmental particulate matter have settled to the bottom 
as sludge. Depths exceeding three feet have been measured in some locations. Using sludge depth 
measurements, the total volume of K East Basin floor, pit, canister, and fuel wash sludges was 
estimated to be about 58.8 m3

• The total volume of K West Basin pit, canister, and fuel wash sludge 
was estimated to be about 10. 7 m3

• · 

952 MTU of spent fuel are stored in 3815 closed canisters in the K West Basin. The sludge 
in the closed K West Basin consists of predominantly fuel pieces and oxidation products. 
The fuel in the sealed canisters may have corroded to a lesser degree than the fuel in the K East 
Basin. The K West Basin pit sludge is believed to contain dust and sand blown in from the 
surrounding environment and oxides from storage racks, piping, and canisters. 

The basin water and sludge may leak to the environment due to the age and condition of the 
basins. It is desired to remove the sludge, transport it to, then pump it into, a Tank Waste 
Remediation System (TWRS) Double Shell Tank (DST) located in the 200 East Area. This preferred 
sludge path forward alternative is documented in WHC-SD-SNF-SP-001, Westinghouse Hanford 
Company Recommended Strategy for K-Basin Sludge Disposition, Revision 0 (Alderman 1995). 

1.2 OBJECTIVE AND SCOPE 

The scope of this safety assessment covers activities associated with the transfer of K Basin 
sludge from a shipping container to a storage tank in the Hanford Site's tank farms. These activities 
include construction and installation of any necessary equipment and facilities; conducting the actual 
transfer operations; and intermediate storage. The scope of this assessment includes two new 
equipment items that will be designed and constructed to perform the transfer activity at the tank 
farm. These include the Sludge Transportation System, which will be used to transfer the sludge 
from the K-Basins to double-shell tank 241-AW-105 (AW-105), and the Sludge Receiving Station, 
which provides the flowpath for the sludge off-load operation. The Sludge Transportation system 
consists primarily of a trailer-mounted shipping container, transfer pump, and flexible hose. The 
Sludge Receiving Station consists of a hose connector and overground, double-encased transfer line 
leading from the connector to the 241-AW-105 valve pit. This safety assessment addresses sludge 
offload and storage operations in the tank farm. 
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The scope of this analysis includes off-load and storage of the following materials: 

• K East basin floor, pits, and canister sludge 
• K West basin canister and North Loadout pit sludge 
• K Basin water 
• K East and K West basin fuel wash sludge 

Characterization data on some of these materials (KE canister/fuel wash and KW Basin sludges) is 
still being developed. This document was based on the best available characterization data; 
conservative, bounding assumptions were made where characterization data was unavailable. 

The scope of this assessment does not include safety analyses of the facilities and operations 
necessary to retrieve sludge from the K Basins and transfer it to a shipping container, any processing 
to be performed at K Basin, or over-the-road transport from K Basins to the AW tank farm. The 
following will be addressed in separate safety documentation: 

• Retrieval, processing, and any necessary pretreatment of the sludge at K Basins will be 
addressed via a change to the K Basins Safety Analysis Report, WHC-SD-WM-SAR-062 
(Meichle 1996). 

• Over-the-road transport will be addressed in a Safety Analysis Report for Packaging (SARP) 
for the Sludge Transportation System. However, the safety of the conceptual Sludge 
Transportation System, as it relates to the tank farm interface, is addressed in this document. 

• Pretreatment of the sludge to produce a different chemical or physical form is not addressed 
in this document. Separate studies are being conducted to investigate alternative pretreatment 
and storage configurations. When the final choice of alternative is made, the authorization 
basis amendment documentation will be modified to address the selected pretreatment and 
storage configuration. 

Certain aspects of retrieval, processing, and transportation safety are included in this assessment, such 
as necessary chemical adjustments to the sludge to make it compatible with A W-105 tank wastes and 
the structural integrity of the Sludge Transportation System to resist tank farm accidents . 

The objective of this safety assessment is to address the health and safety aspects of all phases 
of this scope. The format and content of the safety assessment will be in accordance with the 
requirements specified in WHC-CM-446, Safety Analysis Manual, WHC-IP-0842, Section 5.10, 
Authorization Basis Amendments and Annual Updates and WHC-CM-6-32, Safety Analysis and 
Nuclear Engineering Work Procedures. 

This draft report documents the initial safety assessment of the sludge off-load activity within 
the tank farm. The report includes a complete description of the safety analyses . This includes the 
identification and evaluation of potential hazards and hazardous conditions associated with the transfer 
of K Basin sludge into tank 241-A W-105. A systematic approach involving development of hazard 
source checklists and Preliminary Hazards Analyses (PHA) was applied to the conceptual off-load 
operations and equipment. The resulting information formed the basis for development of potential 
accident scenarios and selection of evaluation-basis accidents for subsequent detailed analysis in other 
tasks of this study. Detailed analyses of the frequencies and consequences of the evaluation basis 
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accidents were then performed. This included quantitative evaluations of mitigated and unmitigated 
accident scenarios and a comparison of the frequency and consequence information to the established 
risk evaluation guidelines. These comparisons helped identify recommended controls that could be 
implemented to reduce· or maintain risk below the guidelines. The identified controls are preliminary 
in that the designs of the Sludge Transportation System and Sludge Receiving Station are not yet 
complete and are subject to change. The final version of this document will contain more explicit 
control requirements . A preliminary safety class evaluation was also performed based on the results 
of the detailed accident analyses . Finally, the Hanford contractor's safety management systems is 
designed to ensure that required controls and mitigation measures are appropriately administered as 
described. 

1.3 SUMMARY 

This section summarizes the key results and conclusions derived from the preliminary safety 
assessment. Included is a discussion of the principal risks of K Basin sludge offloading and storage 
activities. K Basin sludge offloading and storage risks are also presented relative to other tank farm 
risks. In addition, this section includes descriptions of proposed controls to maintain the risks of 
sludge offloading and storage within the safety envelope defined in this preliminary safety assessment 
and a comparison to controls identified in tank farm safety documentation. 

1.3.1 Risk Perspective 

This section places the risks of K Basin sludge offloading and storage operations in 
perspective with other tank farm risks. Comparisons are made between the hazards and accident 
analysis results presented in this document and corresponding results from the Tank Waste Remedia
tion System Basis for Interim Operation (TWRS BIO; LMHC 1997). Also, summaries of the hazards 
and accidents that ·are unique to sludge offloading and storage operations are presented in this section. 

1.3.1.1 Hazards Identification and Analysis 

The two main ·elements of hazards identification and analysis included a comparison of the 
physical and chemical characteristics of K Basin sludge materials and the waste presently stored in 
DST 241-AW-105 and preparation of a Preliminary Hazards Analysis (PHA). This section presents a 
summary of the risk perspectives derived from these elements of the preliminary safety assessment. 

Comparison of Chemical and Physical Properties 

The comparison of A W-105 waste and K Basin sludge properties demonstrated that some 
characteristics are similar, such as TRU content, absence of a separable organic layer, total organic 
carbon content, and viscosity. Other characteristics are different such that K Basin sludge represents 
some unique hazards and some hazards would be exacerbated by adding K Basin sludge to the AW-
105 tank wastes. These hazards are described below: 

• Specific gravity (SpG): The SpG of K Basin sludge is anticipated to be higher than the SpG 
of A W-105 solids. The waste SpG is related to the potential to generate and trap gas in the 
storage tank. An estimate of flammable gas generation and retention potential was developed 
in this safety assessment. 
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• Particle s The average particle size of K Basin sludge will be larger than the A W-105 
solids particle size. In addition, K Basin sludge may contain particles with diameters as large 
as 0.25 in. This introduces a potential criticality issu~ caused by preferential settling of like
sized particles, a large fraction of which may contain uranium. There are currently no 
particle size limits or restrictions for acceptance in tank farms, other than those that may be 
imposed for criticality prevention. 

• Fmile Concentrati n: Overall, the fissile concentration of K Basin sludge is greater than 
A W-105 wastes. 

• Uranium metal cont~ A fraction of the K Basin sludge materials may contain unreacted 
uranium metal. Unreacted uranium, particularly small particles, represent a potential
pyrophoric chemical reaction hazard that could lead to an exothermic chemical reaction. In 
addition, uranium metal corrosion (i.e., oxidation) generates hydrogen gas, leading to 
potential flammable gas deflagration/explosion hazard. There are currently no specific 
uranium metal content limits for tank wastes. 

• Sand (SiOJ content K Basin sludge contains a significant amount of sand that could 
potentially affect the heat transfer propertie~ of the commingled wastes. There are currently 
no sand or SiO2 content limits for tank wastes. 

• Nitrate/nitrite concentration: The nitrate and nitrite concentrations in K Basin sludge are 
below the tank farm corrosion control specifications. This creates the potential for 
accelerating corrosion of the A W-105 tank liner, resulting in reduced lifetime and increased 
likelihood of tank leaks. K Basin sludges are anticipated to be chemically adjusted to meet 
the tank farm's corrosion control specification:-

• pH: The pH of K Basin sludge is approximately neutral whereas A W-105 wastes are required 
to be highly alkaline (prevents Pu-239 and Pu-240 from becoming solubilized). 
Consequently, the pH of the K Basin sludges will have to be adjusted prior to its transfer into 
AW-105. 

• Cs and Sr content: High Cs-137 and Sr-90 concentrations may represent an external 
radiation hazard when K Basin sludges are within the Sludge Transportation System or being 
pumped through the Sludge Receiving Station. The Cs-137 and Sr-90 content of the sludge 
and the applicable external dose rate limitations are being considered in the designs of these 
systems. 

• Polychlorinated bipbenyl (PCB) content: K Basin sludge characterization activities have 
identified the presence of PCBs in some samples. The toxic chemical analysis in this safety 
assessment demonstrates that PCB concentrations are below levels that would pose a~ 
significant health hazard'. 

• Radionuclide content: Unit-Liter Dose (ULD) values were calculated for K Basin sludge and 
compared to ULDs for DST wastes. It was determined that the sludge solids ULD was 
higher than DST solids and the sludge liquids ULD was lower than DST liquids. A 
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composite solid/liquid ULD was found to be higher for K Basin sludge than a comparable 
ULD for DST solids/liquids composite (1/3 DST solids and 2/3 DST liquids). 

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

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

Hazards Analysis 

The hazards associated with sludge offloading and storage operations were identified and 
evaluated using the Preliminary Hazards Analysis (PHA) technique. One of the outcomes of the PHA 
is a comprehensive list of accident scenarios which was then screened to identify the evaluation basis 
accidents that are subsequently analyzed in detail. In general, the list of evaluation basis accidents is 
consistent with the accidents selected in the TWRS BIO for detailed analysis with two notable 
exceptions, which may be considered as unique accidents associated with sludge offloading and 
storage. These unique accident scenarios are: 1) failure of the Sludge Transportation System, both 
with and without fires, and 2) pyrophoric chemical reactions . The remaining evaluation basis 
accidents addressed here are not unique to K Basin sludge offloading and storage, although specific 
properties of the sludge may increase or decrease the risks of these other scenarios (see next section 
for highlights of the accident analysis perspectives). 

1.3.1.2 Accident Analysis 

Each section below compares the design basis accident analyses for sludge offloading and 
storage activities with analogous accident scenarios in the TWRS BIO. A summary comparison of 
accident frequencies and radiological consequences, is presented in Table 1.1. Toxic and 
corrosive/irritant consequences were also calculated in the accident analysis but are not shown in 
Table 1.1. In general, they follow the same trends that the radiological consequences follow. The 
risk perspectives summarized in Table 1.1 are described in more detail in the following sections. 

Spray Leak From Transfer System 

Spray leaks from overground transfer systems were addressed in the TWRS BIO and in this 
preliminary safety assessment. The frequencies of spray leaks are the same in both documents; there 
was no technical reason to believe that spray leaks of K Basin sludge would occur at a higher 
frequency than transfers of other material into the tanks . Furthermore, no credit was taken in the 
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Table 1.1. Comparison of K Basin Sludge and TWRS BIO Accident Analyses 

Safety Frequency Onsite Consequences, Rem Offsite Consequences, Rem 
Basis Comments 

Unmitigated Mitigated Unmitigated Mitigated Unmitigated Mitigated 

Spray Leak 

PSA Anticipated Anticipated 5,700 4.5 1.1 8.8E-04 Sludge unit dose is larger than DST 
waste but shorter release duration than 

TWRS BIO Anticipated Anticipated 15,000 46 21 3.7E-03 TWRS BIO offsets the higher unit dose. 

Pipe Rupture, Pool Formation 

PSA Anticipated Anticipated 450 0.40 0.89 7.2E-04 Sludge represents slightly higher risk due 
to higher unit dose and similar release 

TWRS BIO Anticipated Anticipated 330 36 0.23 4.4E-04 quantities. 

Package Failure Without Fire 

PSA Unlikely <Extremely 450 0.40 0.89 7.2E-04 Not a valid comparison (sludge container 
Unlikely accident versus leak from railcar) due to 

TWRS BIO Unlikely Not Evaluated 0.85 Not Evaluated 4.7E-04 Not Evaluated 
large differences in the magnitudes of the 
releases. Information only. 

Package Failure With Fire 

PSA Extremely < Extremely 29,000 NA 23 NA This scenario is "unique" to K Basin 
Unlikely Unlikely sludge transfer 

TWRS BIO No analogous accident scenario in TWRS BIO. 

Tank Overpressure Due to Incompatible Chemical Reaction 

PSA Anticipated Unlikely 0.13 0.13 8.8E-05 8.8E-05 Sludge represents smaller risk than in 
TWRS BIO due to larger volume of 

TWRS BIO Anticipated Anticipated 27 0.013 0.018 9.0E-06 sludge to heat up and larger heat transfer 
area in AW-105 versus a DCRT. 



Table 1.1. Comparison of K Basin Sludge and TWRS BIO Accident Analyses 

Safety Frequency Onsite Consequences, Rem Offsite Consequences, Rem 
Basis Comments 

Unmitigated Mitigated Unmitigated Mitigated Unmitigated Mitigated 

Flammable Gas Deflagration 

PSA Anticipated < Extremely 14.2 NA 0.012 NA Risks in PSA slightly lower than BIO; 
Unlikely Unit dose for Basin water is lower than 

unit dose for DST liquids that was used 
TWRS BIO Anticipated < Extremely 19 NA 0 .016 NA in BIO to calculate gas deflagration 

Unlikely consequences. 

Pyrophoric Chemical Reaction in Storage Tank 

PSA 

TWRS BIO 
- Solvent 

Fire 
- Organic-

Nitrate 
Fire 

Criticality 

PSA 

TWRS BIO 

PSA 
TWRS BIO 
NA 

Unlikely < Extremely 487 NA 0 .40 NA Sludge unit dose larger than DST solids 
Unlikely and sludge source term larger than 

organic solvent fire source term. On the 
other hand, sludge source term smaller 
than organic-nitrate fire source term, 
resulting in lower consequences. 
Controls focus on accident prevention not 

Unlikely Unlikely 2.33 NA 2.0E-03 NA consequence mitigation for both sludge 
and DST waste fires . Consequences 

Unlikely Extremely 8,600 NA 7. 1 NA provided for risk perspective only; AW-

Unlikely 105 has not been designated as an 
organic-nitrate tank. 

Criticality accident frequencies and consequences not calculated. An ongoing Criticality Feasibility Study 
is being conducted to determine 

Extremely Extremely 40 NA 2.5E-05 NA criticality safety requirements for several 
sludge storage alternatives . 

= 
= 
= 

Unlikely Unlikely 

Preliminary Safety Assessment - Transfer of K Basin Sludge into Double-Shell Tank 241-AW-105. 
Tank Waste Remediation System Basis for Interim Operation. 
Not available. Mitigated scenario consequence calculations were not performed for < EU accident scenarios or scenarios for 
which consequences were not quantified in the TWRS BIO. 
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accident analyses in either document for mitigation measures that would reduce the frequencies of 
spray leaks. 

The consequences of spray leaks were calculated in both documents using similar 
methodologies. Adjustments were made in this document to more closely approximate sludge 
characteristics and the Sludge Transfer System design parameters relative to typical waste transfers in 
the tank farm. It was determined that the consequences of spray leak accidents involving K Basin 
sludge are slightly less than spray leaks involving DST solids that were calculated in the TWRS BIO. 
The consequences are approximately the same even though the ULDs for sludge are higher than the 
ULDs for DST wastes. The difference in ULDs is offset by a shorter release duration that leads to a 
smaller release quantity calculated for sludge leaks. The shorter release durations for K Basin sludge 
arise from shorter transfer (pumping) times relative to typical tank farm transfer durations. 

Pipe Rupture and Formation of Liquid Pool 

This scenario is not unique to sludge transfer and storage operations and was addressed in the 
TWRS BIO. In both the TWRS BIO and this preliminary safety assessment, the frequencies of this 
accident scenario were determined to be the same; i.e., Anticipated. The consequences, on the other 
hand, are higher for releases of K Basin sludge, due primarily to the higher unit dose from releases of 
sludge compared to releases of DST wastes. As a result, the risks of this accident scenario are 
slightly higher for transfers of K Basin sludge than for transfers of DST wastes. 

Package Failure without Fire 

Shipping container failures due to vehicular accidents in the tank farms were not analyzed in 
detail in the TWRS BI01 and so.may be considered as a "unique" accident associated with K Basin 
sludge offloading operations. The unmitigated frequency of this accident was determined to be 
Unlikely based on general highway traffic accident statistics for heavy combination trucks, similar to 
the conceptual Sludge Transportation System. When tank farm road conditions and Hanford Site
specific truck accident statistics are factored into the analysis, the calculated frequency is reduced to 
Extremely Unlikely. 

The consequences of package failures without fire were determined to be the same as a 
transfer system failure and subsequent formation of a liquid pool on the ground (see above). The 
consequences of K Basin sludge package failures are not analogous to a leak from a railcar at the 204-
AR unloading facility due primarily to the relatively low radionuclide and toxic chemical 
concentrations of liquid waste shipments unloaded at the 204-AR facility, radionuclide inventory 
limits imposed on the railcars by their SARPs, and the type of scenario evaluated. Therefore, no 
valid comparison can be made here and the comparison provided in Table 1.1 is for information only. 

An accident involving leakage from a railcar during transfers at the 204-AR Waste 
Unloading Facility was analyzed in the TWRS BIO. However, the transportation 
packages and waste unloading systems are substantially different than those to be used 
for K Basin sludge. 
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Package Failure With Fire 

The TWRS BIO did not analyze in detail a package failure and subsequent fire involving a 
transportation package. This scenario was analyzed here because of the possibility of high onsite and 
offsite consequences and the need to explore potential controls if the risk of such an event involving 
the Sludge Transportation System was determined to be unacceptable. Accident scenarios involving 
fires at the 204-AR Unloading Facility were identified but screened out during the evaluation basis 
accident selection process that supports the TWRS BIO. Consequently, as with the package failure 
without fire scenario, this can be considered as a "unique" accident scenario, unlike any scenarios 
analyzed in detail in the TWRS BIO. 

The unmitigated frequency of this scenario was determined to be Extremely Unlikely, at 
highest, and most likely Beyond Extremely Unlikely. The mitigated frequency, which took credit for 
Hanford-specific traffic accident parameters and vehicle-related controls in the tank fanns, was 
determined to be Beyond Extremely Unlikely. Existing and minor proposed new controls were 
demonstrated to reduce the risk of this scenario to acceptable levels, given that the mitigated 
frequency was determined to be Beyond Extremely Unlikely. A consequence analysis was not 
performed for the mitigated scenario because the assumed controls reduced the frequency to 
incredible. However, controls established in the BIO that could limit the consequences of this 
scenario, including emergency response provisions for fire in a waste tank, as well as controls 
proposed in this documents for other reasons (e.g., provision of spill mitigation capabilities for spray 
leaks and pool releases), would also be capable of reducing the consequences of package failures with 
fires. 

Tank Overpressure 

Tank overpressurization due to mixing of incompatible materials (acid/base neutralization 
reaction) was addressed in this document and in the TWRS BIO. In the TWRS BIO, the 
overpressurization scenario was assumed to occur in a Double-Contained Receiver Tank (DCRT) and 
not in a DST as assumed here. The unmitigated frequency of the scenario in which mixing 
unadjusted sludge and AW-105 wastes was Anticipated. In the TWRS BIO, the unmitigated and 
mitigated frequencies were Anticipated, which includes consideration of DCRT operational 
assumptions and the selected mitigation strategy described below. The mitigated frequency of AW-
105 overpressurization from sludge additions was Unlikely. Credit was .taken in the mitigated K 
Basin sludge scenario analysis for the waste compatibility program, written procedures with 
verification that sludge pH is appropriately adjusted, and a requirement to sample the adjusted sludge 
before it is offloaded into the tank. A different mitigation approach was taken in the TWRS BIO, in 
which credit was taken for release mitigation by HEPA filters on the DCRT. This was determined 
not to be necessary for A W-105 to safely receive and store the sludge. 

The consequences of this scenario in which K Basin sludge material is released from A W-105 
were determined to be substantially smaller than the consequences of the DST waste released from a 
DCRT. This is due primarily to the much larger volume of sludge that must be heated to generate 
aerosols from the neutralization reaction relative to the volume of DST wastes that are heated in a 
neutralization reaction in a DCRT. In fact, it was determined that commingled K Basin sludge and 
DST wastes would not boil under worst-case conditions whereas DSTs wastes in the TWRS BIO were 
determined to boil . In addition, the DST provides a much more significant heat transfer area than a 
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DCRT, resulting in condensation of a larger fraction of sludge in A W-105 than would condense in a 
DCRT. Therefore, overall, the risks of this accident scenario involving K Basin sludge were judged 
to be slightly smaller than similar accidents involving DST wastes. 

Flammable Gas Deflagration 

The risks of flammable gas deflagrations were determined in the TWRS BIO to be 
"significantly above guidelines with existing and available controls." For deflagrations in a DST 
headspace, risks to offsite receptors were below guidelines but the guidelines for onsite receptors were 
exceeded. The conclusion reached here is consistent with the TWRS BIO. However, a slight 
increased risk of gas deflagration occurs as a result of storing K Basin sludge in A W-105. This slight 
increase in risk arises from introducing an additional ignition source into the tank. This additional 
ignition source is a potential pyrophoric reaction that could result from dryout of the sludge in the 
tank. This increased likelihood is not significant relative to the estimated frequency of gas 
deflagrations; i.e., Anticipated. However, a control specific to preventing this additional ignition 
source hazard was proposed. 

Flammable gas controls proposed in WHC-SD-WM-JCO-007 (Grigsby and Leach 1996) focus 
on preventing ignition of potential flammable gas atmospheres (in addition to mitigating steady-state 
accumulation of a flammable atmosphere and monitoring requirements). These proposed controls 
were assumed to be implemented with respect to K Basin sludge offloading and storage operations. 
The proposed controls are designed to ensure that steady-state accumulation of a flammable gas 
atmosphere is prevented by operation of the A W-105 ventilation system, and the hazards associated 
with gas retention are managed through implementation of equipment and work controls that prevent 
spark sources from contacting potential flammable atmospheres. 

Pyrophoric Chemical Reaction 

Pyrophoric chemical reactions in a DST were not addressed in the TWRS BIO as tank wastes 
are not considered to be vulnerable to such a reaction. The sludge, on the other hand, may contain 
unreacted metallic · uranium, and may also contain uranium hydrides and zirconium metal. All three 
materials are pyrophoric under certain conditions. Consequently, pyrophoric reactions represent a 
"unique" hazard with respect to K Basin sludge. 

The hazards of a pyrophoric reaction are related to the reaction being; 1) a potential ignition 
source for a flammable gas cieflagration and, 2) a potential initiator for a fire in a waste tank. The 
flammable gas ignition source potential and associated controls were addressed above. Waste fires, 
including organic solvent fires and organic-nitrate reactions, were addressed in the TWRS BIO but 
ignition of pyrophoric materials was not specifically addressed. Therefore, the potential pyrophoric 
nature of the sludge may be considered to increase the risk of fires in a DST. However, the 
increased risk is very small when controls are implemented to prevent pyrophoric reactions. The 
proposed pyrophoric reaction controls were designed to prevent initiation of the reaction, primarily by 
ensuring that the sludges are underwater at all times (it may also be necessary to manage heat transfer 
from the sludge to prevent the pyrophoric materials from heating to the spontaneous ignition 
temperature). 

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

1.3.2 Controls 

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

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

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

• NEW CONTROL - Sample Sludge to Verify Conformance to Tank Farm Waste Acceptance 
Requirements: The accident analyses assumed an extensive experimental and analytical 
program would be conducted to determine whether or not K Basin sludge materials are 
compatible with the waste currently in A W-105. It was further assumed that the waste 
compatibility program would identify a number of chemical adjustments to be made to the 
sludges before it could be offloaded to the tank. Examples of chemical adjustments would 
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Table 1.2. Summary of Accident Scenario Frequencies, Consequences, and Proposed Controls 

Frequency(a) Onsite Consequences, Rem Offsite Consequences, Rem 

Accident Scenario Unmi- Miti- Unmi- Guide- Miti- Guide- Unmi- Guide- Miti- Guide- Proposed Controls(b) 
ligated gated ligated line gated line ligated line gated line 

Spray Leak A A 5 ,700 0 .5 4 .5 0.5 I.I 0 .1 9E-04 0. 1 1) Written procedures with verification, 
Including verification or now path and 
Jwnper alignment 
2) Placement or pump pit cover blocks, 
concrete shielding, glove bags (over 
connectors) 
3) Perform runctlonal test 
4) Spill stabilization capabilities 

Pipe Rupture A A 450 0 .5 0 .40 0 .5 0.89 0 .1 7E-04 0.1 1) Written procedures with verification, 
Including verification of now path and 
jwnper alignment 
2) Placement or pump pit cover blocks, 
concrete shielding, glove bags (over 
connectors) 
3) Perform runctlonal test 
4) Spill stabilization capabilities 

Shipping u <EU 450 5 0.40 NA(c) 0 .89 0 .5 7E-04 NA(c) 1) Restrict speed in tank farm 
container accident 2) Spill stabilization capabilities 
without fire 3) Written procedures, driver training 

4) Type B packaging system or Hanford 
equivalent 
5) Limits imposed by SARP. on 
radioactive concentrations, volwnes, etc. 

Shipping EU <EU 2.9E+4 10 2.9E+4 NA(c) 23 4 23 NA(c) 1) Restrict speed in tank farm 
container with 2) Spill stabilization capabilities 
fire 3) Written procedures, driver training 

4) Type B packaging system or Hanford 
equivalent 
5) Limits imposed by SARP on 
radioactive concentrations, volwnes, etc. 



Table 1.2. Summary of Accident Scenario Frequencies, Consequences, and Proposed Controls 

Frequency(a) Onsite Consequences, Rem Offsite Consequences, Rem 

Accident Scenario Unmi- Miti- Unmi- Guide- Miti- Guide- Unmi- Guide- Miti- Guide- Proposed Controls(b) 
tigated gated tigated line gated line tigated line gated line_ 

Tank A u 0 .13 0 .5 0 .13 5 9E-05 0 .1 9E-05 0 .5 1) Waste compatibility program 
ovcrpressurization 2) Sample sludge to verify compliance 

with tank farm waste acceptance criteria 
prior to shipmeni 
3) HV AC system testing and 
maintenance 
4) Operator training, written procedures 
to deal with loss or HV AC air balance 
S) HV AC CAMs shut off rans when rad 
release limits are exceeded 
6) Preftlter and HEPA ftlter monitoring 
and replacement ( < 200 mrem/br) 

Flammable gas A <EU 14.2 0.5 14.2 NA(c) 0 .012 0.1 0 .012 NA(c) Sec WHC-SD-WM-JCO-007 (e .g . , HVAC 
deflagration - system operability prevents buildup to 
HEPA failure LFL from steady-state release; ignition 

source controls prevent deflagration from 
episodic releases; flammable gas 
monitoring during manned work activities 
and waste intrusive activities). Also, 
TWRS BIO states emergency response 
procedures required to provide direction 
for fire response and recovery activities 
(organic solvent fire) . 

Pyrophoric A <EU 490 0.5 490 NA(c) 0 .4 0 .1 0 .4 NA(c) 1) Operating procedures with 
reaction verification on indexing the slurry 

distributor 
2) Minimum supemate depth to prevent 
dryout 
3) Waste compatibility program 
4) Emergency response procedures for 
rire 

(a) A= Anticipated (1 to lE-2/yr); U = Unlikely (IE-2 to lE-4/yr); EU =Extremely Unlikely (IE-4 to lE-6/yr); and <EU= below.Extremely Unlikely(< lE-6/yr) 
(b) Controls in bold print are existing controls; others are new controls resulting from K Basin Sludge transfers. 
(c) No risk evaluation guidelines are given for accident scenarios with frequencies less than EU. 
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include adjusting the pH, nitrate and nitrite concentrations to meet tank corrosion 
specifications, addition of iron for criticality prevention, and other potential adjustments. 
These adjustments were assumed to be made at K Basins prior to shipping the material to the 
tank farm and would be sampled and analyzed to verify conformance with tank waste 
acceptance requirements prior to shipping. This will ensure that the variability in sludge 
compositions is appropriately accounted for before the material is offloaded into the tank. 
This will reduce the likelihood that the tank would become overpressurized and fail the HEP A 
filters or tank dome as a result of greater-than-predicted gas generation rates or chemical 
reactions that release large quantities of gas and heat. This control was listed as "new" even 
though AC 5.12.2.c requires compatibility evaluations prior to waste transfers into a DST 
(LMHC 1997). It was listed as new because of the specific assumption made in this 
preliminary safety assessment that sampling and verification of compatibility is performed for 
each shipment of K Basin sludge. 

• NEW CONTROL - Minimum supemate depth: A proposed control on minimum supernate 
depth in the tank was identified to prevent sludge dryout after it is offloaded into the tank. 
Dryout of the sludge could lead to an exothermic pyrophoric reaction resulting in a tank waste 
fire (below extremely unlikely given the amount of moisture in the tank) or creating an 
ignition source for a flammable gas deflagration. However, this analysis concluded that 
pyrophoric reactions involving the sludge would not occur if it is maintained in a wet 
condition. Toe minimum supernate depth would be established based on conservative 
geometry assumptions related to the shape and size of the cone formed upon addition to the 
tank solids surface. Operators would need to verify the supernate depth in the tank prior to 
initiating offloading operations and confirm that the minimum supernate depth is met or 
exceeded. This could be done with existing tank instrumentation. Sludge offloading 
procedures would need to incorporate this step; independent verification would also be 
prudent. 

• EXISTING CONTROL - Written Procedures with Verification: Written procedures are 
currently required for conducting all waste transfers, including verification of flowpath and 
jumper alignment. 

• EXISTING CONTROL - Placement of Covers over Transfer Line, Pits: The TWRS BIO 
contains requirements to ensure pump pit covers, shielding systems, and any other covers 
assumed to mitigate spray releases are in place prior to initiating transfers of waste into the 
tank. 

• EXISTING CONTROL - Perform Functional Test: The TWRS BIO requires performance of 
functional tests of transfer lines prior to initiating transfers. This ensures that the lines are 
properly configured to avoid mistransfers and that previously-undetected leaks in the piping 
system are identified before radioactive materials are introduced into the line. 

• EXISTING CONTROL - Type B or Equivalent Packaging System: The Sludge Transportation 
System was assumed to be designed to Type B or Hanford-equivalent packaging standards. 
These standards specify the minimum conditions the packaging systems must withstand 
without compromising package integrity or containment functions. Credit was taken in the 
accident analysis for the probability that an accident in the tank farm would exceed these 
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conditions. A Safety Analysis Report for Packaging (SARP) will be prepared for the Sludge 
Transportation System to document the packages response to these minimum accident 
conditions. The SARP would also identify controls to be applied to the sludge and 
loading/offloading operations to ensure the assumptions in the SARP are not exceeded. These 
controls would most likely take the form of limitations that protect source term assumptions, 
such as radionuclide concentration limits, inventory limits, volumes, nonflammability, and 
thermal limitations. This control would therefore serve to reduce the likelihood of an 
accidental release as well as mitigate consequences, should a release occur. 

• EXISTING CONTROL - Waste Compatibility Program: Waste to be transferred into a tank 
must be verified to be compatible with the existing waste in the tank. This program is 
designed to prevent exothermic chemical reactions and physical incompatibilities that could 
lead to an accidental release during waste transfers and subsequent storage. Waste 
compatibility evaluations are currently being performed for commingled A W-105 tank waste 
and K Basin sludge materials. Any requirements derived from waste compatibility testing, 
primarily chemical adjustments, were assumed to be conducted at K Basin prior to shipment, 
and then the material was assumed to be sampled and verified, as discussed above. 

• EXISTING CONTROL - HVAC Operability, Testing, and Maintenance: The HV AC system 
perfonns several important safety functions, including maintaining a negative pressure balance 
to provide containment, filtration of radioactive material prior to releasing gaseous effluent to 
the atmosphere, and dilution and removal of flammable gases from the tank headspace. 
Verification that the HV AC system is functioning properly is required prior to K Basin sludge 
transfers. Written procedures for operators to respond appropriately to loss of HV AC 
conditions were also credited in the accident analysis to limit the duration of HV AC 
downtime, preventing steady-state. accumulation of flammable gases from reaching the Lower 
Flammable Limit (LPL). Testing and maintenance would include monitoring and replacement 
of HEPA filters and prefilters (currently changed out when dose rate exceed 200 mrem/hr) as 
well as periodic monitoring and calibration of the ventilation Continuous Air Monitor (CAM) 
to ensure detection of increasing radiological releases. Verification of operability of the CAM 
interlock that shuts down the ventilation fans when radiological release limits are exceed was 
also assumed to be conducted. 

• · EXISTING CONTROL - Ignition Source Controls: As a result of the accident analyses in the 
TWRS BIO and flammable gas Justification for Continued Operation (JCO; Grigsby and 
Leach 1996), many ignition source controls have been or are being implemented to reduce the 
likelihood of gas deflagrations, organic-nitrate reactions, and organic solvent fires. It was 
concluded in this preliminary safety assessment that the likelihood of these events occurring in 
the tank would be increased somewhat as a result of the K Basin sludge transfers but would 
not change the frequency designations beyond those determined in the TWRS BIO. 
Therefore, it was concluded that the ignition source controls established in the TWRS BIO 
and flammable gas JCO, in addition to the minimum supernate depth established above; would 
be adequate to prevent gas deflagrations, organic-nitrate reactions, and organic solvent fires in 
AW-105. Note that AW-105 is not suspected of containing an organic solvent layer and 
contains sufficient moisture to prevent initiation of organic-nitrate reactions under all credible 
accident conditions. 
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• EXISTING CONTROL - Flammable Gas Monitoring: Flammable gas monitoring is required 
before and during manned work activities to ensure that flammable conditions do not exist in 
the work space. In addition, flammable gas monitoring is required for waste-disturbing 
activities that could lead to a GRE, such as a sludge transfer. 

• EXISTING CONTROL - Emergency Response Procedures: Effective and timely mitigation of 
a release of radioactive or toxic materials from fires, gas deflagrations, liquid spills, etc., 
would limit the consequences of the various accident scenarios evaluated in this preliminary 
safety assessment. Response to spill events were addressed above in relationship to the spill 
stabilization capabilities. In addition, the emergency response procedures for fires and 
deflagrations that resulted from the TWRS BIO were assumed to be adequate to mitigate 
releases of commingled K Basin sludge and AW-105 tank wastes . 

1.3.3 Safety Classifications of Systems, Structures, and Components 

A preliminary safety class evaluation was performed to determine the appropriate safety 
classifications of sludge offloading related systems, structures, and components (SSCs). The 
preliminary safety classifications are shown in Table 1.3. 

1.4 CONCLUSIONS 

Four main conclusions were derived from this preliminary safety assessment apd the 
evaluation of the risks relative to the risks addressed in the TWRS BIO. These are: 

• "Unique" properties associated with K Basin sludge materials relative to DST wastes include; 
1) presence of relatively large particles, 2) higher fissile material concentration than typical 
DST solids, and 3) presence of potentially pyrophoric materials. 

• The risks of accident scenarios other than criticality can be controlled to acceptable levels that 
are consistent with or not significantly greater than the TWRS BIO primarily through the use 
of existing controls. In a few instances, additional controls were proposed to manage the 
hazards that are unique to K Basin sludge offloading and storage. Requirements for 
maintaining criticality safety are identified in the Criticality Feasibility Study. 

• New proposed controls include providing spill stabilization capabilities and 
procedures/training, speed restriction in tank farm, sludge sampling prior to transportation, 
and maintaining minimum supernate depth in tank. 

• Criticality uncertainties (particle size, chemistry, and fissile content) may lead to a 
requirement to treat sludge (in addition to required chemical adjustments) before it is 
transported to or offloaded into the DST. 

Additional data and information will be needed to resolve these technical issues. These 
technical information needs are related to the designs of the Sludge Transportation System and Sludge 
Receiving Station, needs for additional sludge characterization and experimental data, and resolution 
.of criticality safety issues . 
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Table 1.3. Safety Classifications of Systems, Structures, and Components 

Safety Significant 

... Sludge Receiving Station• 

- Primary aboveground piping - Spill stabilization equipment 
(fixed pipe and flexible 
hose) 

- Shielding over aboveground 
portions of fixed piping 
(placement) 

- Portable shielding 
(placement) over hose 

- Pump pit cover block 
(placement) 

- Flexible hose connector at 
receiving station 

- Spill retention basin 

- Pressure vessel 
- Transfer pump 
- Flexible hose (primary) 
- Flexible hose (secondary) 
- Flexible hose connector in 

transportation system 
- HEPA filtered vents 

K Basin Sludge Safety Assessment 

- None identified 

1.17 

Defense-in-Depth 

- Pipe connectors in pump pit 
- Leak detection system 
- AC Power 
- Secondary aboveground 

piping 

- None identified 

May 30, 1997 



Rev. B 

REFERENCES 

Alderman, C. J. 1995. Westinghouse Hanford Co. Recommended Strategy for K Basin Sludge 
Disposition. WHC-SD-SNF-SP-001, Rev. 0. Westinghouse Hanford Co., Richland, Washington. 

Grigsby J. M . and Leach C. E. 1996. Flammable Gas/Slurry Growth Unreviewed Safety Question: 
Justification for Continued Operation for the Tank Farms. WHC-SD-WM-JCO-007, REV. 0A, 
Westinghouse Hanford Company, Richland, Washington. 

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

Meichle, R. D. 1996. K Basins Safety Analysis Report. WHC-SD-WM-SAR-062 Rev. 3. 
Westinghouse Hanford Co., Richland, Washington. 

K Basin Sludge Safety Assessment 1.18 May 30, 1997 



Rev. B 

2.0 APPROACH 

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

2.1 OVERALL SAFETY ASSESSMENT APPROACH 

The overall approach to the K Basin sludge safety assessment is illustrated in Figure 2.1 . The 
first step in the assessment was to perform a comprehensive analysis to identify hazards and 
hazardous conditions associated with transferring K Basin sludge. A safety analysis technique 
referred to as Preliminary Hazards Analysis (PHA) was applied to identify and perform a qualitative 
evaluation of potential hazards . The next step is to select the design-basis or design-basis accident 
scenarios. This will be done based on a number of criteria, including a binning process based on the 
qualitative evaluation of accident frequencies and consequences provided in the PHA as well as other 
factors. A list of Design-Basis Accidents (OBA) will then be developed based on the results of the 
selection process. Each of these OBA will be subjected to a detailed analysis to determine its 
frequency and consequences. The accident prevention and mitigation information contained in the 
PHA is used here to assist in the development of accident frequencies. The frequency and 
consequence information is developed in parallel and then comes together to allow a comparison to 
the risk guidelines contained in WHC-CM-4-46, Rev. 1. If the "risks" (frequency-consequence pairs) 
are below guidelines, the accident scenario analysis would be complete and then would be 
documented. If the risks are above the guidelines , further analysis is performed, often involving the 
postulated addition of new controls and/or design features intended to reduce either the frequencies or 
consequences of the accidents . These design features and control measures taken credit for in the 
accident analysis may be the subject of Technical Safety Requirements (TSRs) , as defined in DOE 
Order 5480.22. After the frequencies and consequences of all the accident scenarios are demonstrated 
to be below guidelines, the accident scenario analyses are documented and will form the safety 
envelope for the offload operations and equipment. 

2.2 HAZARDS IDENTIFICATION AND ANALYSIS 

The hazards identification and analysis activity was accomplished through application of a 
safety analysis technique referred to as PHA. The PHA technique was used to identify the potential 
hazardous conditions associated with transfer into and storage of K Basin sludge in a double-shell tank 
storage system and to determine the significance of potential accidents. The PHA for the sludge 
offload activities was performed using the "hazardous energy" concept in which potential accidents or 
abnormal events are represented as flows of unwanted energy between a source and receptor. 
Barriers between the source and receptor may be presented to prevent or restrict the flow of unwanted 
energy. For example, the sludge shipping container's walls are barriers because they restrict or pre
vent radioactive materials from "flowing" between the internal volume of the shipping container and 
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the environment. Administrative controls (e.g., operating procedures) may also be barriers as they 
are intended to either prevent the occurrence of an accident or reduce/control the consequences of an 
accident should one occur. 

A checklist approach was used to identify potential hazards associated with the offload 
activities. A "generic" checklist taken from Hammer (1972) was used to guide the identification of 
hazards and ensure that a comprehensive identification of hazards was performed. This generic 
hazard checklist is shown in Table 2.1. Each activity involved in transferring sludge into a DST was 
reviewed to determine the presence or absence of each hazard on the checklist. These checklists 
ensured that all of the hazards associated with the offload activities are appropriately identified and 
documented in the PHA. In addition, hazard checklists developed in support of the TWRS BIO and 
FSAR were reviewed, as were tank farm occurrence reports related to failures/errors during transfers . 
These later two items fed information into the PHA and also helped to "validate" the hazard 
checklists developed for the sludge transfer activities. 

The PHA documents the following preliminary information: 1) hazard or energy source; 2) 
event or phenomena description; 3) causes; 4) preventive and mitigative features, including 
engineered barriers and administrative controls (present or potential mitigation options); 5) a semi
quantitative assessment of accident frequency; and 6) a qualitative assessment of accident 
consequences for potentially-exposed workers, onsite receptors, and offsite receptors. The 
preliminary assessment of accident scenario frequencies and consequences was performed by assigning 
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Table 2.1. "Generic" Hazard Source Checklist 

ACTMTY: 

Present 
Hazard (YIN) Example(s) 

Acceleration 

I I . _______ L ___ L _____________________ _ 

Other Hazards Considered 

Contamination 
Electrical 
Heat and Temperature 
Impact and Shock 
Moisture-Low hwnidity 
Pressure - Low 
Radiation - Ionizing 
Toxicity 
Nuclear Criticality 

Chemical reaction 
Explosion 
Low Temperature 
Leakage 
Power source failure 
Radiation - Infrared 
Radiation - Ultraviolet 
Vibration and noise 

Corrosion 
Fire 
Temperature change 
Moisture-High hwnidity 
Pressure-High 
Radiation-Non-ionizing 
Structural damage/failure 
Weather and environment 

each scenario to categories representing ranges of frequencies and consequences. The categories used 
in this assessment are presented in Tables 2.2 and 2.3. The preliminary assignments of the scenarios 
to these ranges were based on process knowledge, knowledge of similar types of activities, types and 
numbers of barriers, types and numbers of component failures, and engineering judgement. Detailed 
analyses to refine .the accident scenario frequency and consequence estimates are performed later in 
the assessment, as illustrated in Figure 2.1. 

The PHA addresses hazards encountered during receipt and onsite transport of the shipping 
container at tank farms, connection of the shipping container to the tank farm Sludge Receiving 
Station currently being designed, the actual offload operations and long-term storage. Potential 
accident sequences initiated internally (i.e., initiated by failures of process equipment or systems and 
operators) as well as externally (such as earthquakes, floods, tornadoes, and aircraft crashes) were 
addressed in the PHA. Events considered included, but were not limited to, dome failure/collapse, 
transfer line leaks, spray leaks, criticality, waste incompatibility, elevated temperatures, tank overfill, 
tank overpressure, loss/reduction in shielding, and plugging/failure of transfer lines and the tank 
ventilation system. 
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Table 2.2. Frequency Categories Used in PHA 

<Accident heq~ericy ' .. · Frequency Category Description Nominal Frequency Range 
Category/ ·• . ·.· ·• (events per year) 

F3 or Anticipated (A) An off nonnal condition that individually may be > 1 E-02 
expected to occur once or more during facility 
operation. 

F2 or Unlikely (U) Individually, the condition is not expected to occur 1 E-04 to 1 E-02 
during facility operation, but collectively events in this 
category may occur several times. 

Fl or Extremely Unlikely Extremely low-probability conditions that are not 1 E-06 to 1 E-04 
(EU) expected during facility operation but that present 

extreme or limiting cases of faults identified as 
possible. This category includes design basis 
accidents. 

FO or Beyond Extremely Accidents for which no credible scenario can be <I E-06 
Unlikely (<EU) identified. 

Table 2.3. Consequence Categories Used in the PHA 

.. ·.·. .... ... .. Y .. ·•·•· · .. · . 
. Consequence >.. . •.•····· < .. 

· Category .< Description of Consequences to the Public;Onsite'PenonneJ, or Environment 

Category S3 Based on material at risk and cause(s) postulated, there is sufficient material and release energy to 
impact a receptor at the Site boundary. 

Category S2 Based on material at risk and cause(s) postulated, there is sufficient material and energy to impact 
a receptor at 100 m from the source of the material at risk. 

Category Sl Based on material at risk and cause(s) postulated, the release is confined to the facility where it 
occurred. 

Category SO Based on material at risk and cause(s) postulated, there is insufficient material released to affect 
facility workers. 

The format used to record the PHA was derived from the PHA format used in the tank farm 
Final Safety Analysis Report (FSAR) under preparation and was used for consistency with that effort. 
The format was modified from the FSAR format to more easily define and identify hazards during the 
more active, operator-involved activities, and combines features of several formats. This format, 
illustrated in Figure 2.2, was applied to receipt and onsite transport of sludge in the tank farm, 
connection and offload operations, long-term storage operations, and retrieval. The information 
recorded in each column of the PHA table is described in Figure 2.2. In addition to the narrative 
description of the PHA content in Figure 2.2, the PHA for storage operations, since DST waste 
storage operations are addressed in existing safety analyses, considered whether or not the identified 
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hazards increase or reduce the likelihood or consequences of accidents already addressed in the tank 
farm safety documentation. If so, the hazard and associated accident scenarios were retained in this 
PHA. The hazard checklist that was developed for storage operations was reviewed to identify unique 
hazards represented by the transfer of K Basin sludge into a DST and as a check on the completeness 
of the completed PHA. 

An important aspect of the PHA is that the accident scenario frequencies and consequences 
are first-order approximations . Detailed quantification of these elements was not performed at this 
stage of the safety assessment. The assessment of accident frequencies and consequences in the PHA 
is semi-quantitative is that, where possible, quantitative information in other safety documents was 
used to assign the scenarios to particular categories . For example, the Tank Farm Accelerated Safety 
Analysis (WHC 1995a), Overground Transfer Line Addendum to Single-Shell Tank Safety Analysis 
Report (WHC 1994), Double-Shell Tank Farm Facility Safety Analysis Report (WHC 1989), and other 
documents were consulted to provide insights on the frequency and consequence category 
assignments. The review of historical tank farm occurrences also provided input to this effort. 

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

2.3 DESIGN BASIS ACCIDENT ANALYSIS 

The accident scenarios selected from the PHA were subjected to detailed, quantitative design 
of their frequencies and consequences. The accident frequency analyses were conducted using 
standard probabilistic risk analysis techniques , including fault tree analysis and event tree analysis . 
The potential source term or release quantity from each accident scenario was then calculated and the 
consequences of the release were determined using Hanford-specific information on receptor locations 
and weather conditions. Standard dose-consequence computer codes were then used to calculate the 
doses to maximally-exposed onsite and offsite receptors . The resulting frequency and consequence 
data were then compared to the WHC risk evaluation guidelines . Risk guidelines were taken from 
WHC-CM-4-46, Rev. 1, in accordance with DOE guidance (see Tables 2.4 and 2.5) . Both mitigated 
and unmitigated accident scenarios were subjected to the detailed frequency and consequence 
calculations. The design basis accident analysare are presented in Chapter 7. 
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Table 2.4. Radiological Risk Guidelines 

' Effective Dose Equivalent, mSv (Rem) 
Frequency Category Frequency Range (yr-1

) 
Onsite Offsite 

Anticipated > lE-02 to ::5 lE+OO 5 (0.5) 1 (0.1) 

Unlikely > lE-04 to ::5 lE-02 50 (5) 5 (0.5) 

Extremely Unlikely > lE-06 to ::5 lE-04 100 (10) 40 (4) 

Source: Bacon, R. F., 1996. Tank Waste Remediation System Accident Analysis Risk Evaluation Guidelines. 
Letter 9651709, to J. E. Kinzer, U. S. Department of Energy, Richland Operations Office (April 22, 1996). 
Westinghouse Hanford Co., Richland, Washington. 

Table 2.S. Toxicological Risk Guidelines 

Primary concentration Guidelines 
Frequency Category Frequency Range (yr·1

) 
Onsite Offsite 

Anticipated > lE-02 to ::5 lE+OO :5ERPG-1 ':5PEL-TWA 

Unlikely > 1 E-04 to ::5 1 E-02 :5ERPG-2 sERPG-1 

Extremely Unlikely > lE-06 to ::5 lE-04 :5ERPG-3 :5ERPG-2 

Source: Bacon, R. F., 1996. Tank Waste Remediation System Accident Analysis Risk Evaluation Guidelines. 
Letter 9651709, to J.E. Kinzer, U. S. Department of Energy, Richland Operations Office (April 22, 1996). 
Westinghouse Hanford Co., Richland, Washington. 

ERPG = Emergency Response Planning Guideline 
PEL = Permissible Exposure Limit 
TWA = Time-weighted Average 

2.4 PRELIMINARY SAFETY CLASS EVALUATION 

A preliminary Safety Class Design (SCE) was performed to identify safety (safety class and 
safety significant) Systems, Structures, and Components (SSCs). The safety classifications were 
designated in accordance with the requirements and criteria of WHC-CM-4-46, Safety Analysis 
Manual. The safety classifications of individual components of the K Basin sludge offload process, 
including Sludge Transportation System and Sludge Receiving Station, are presented in Chapter 8. 
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3.0 SYSTEM DESCRIPTION 

This chapter describes the Sludge Transportation System to be us·ed to move the sludge from 
K Basins to the AW tank farm; the Sludge Receiving Station that connects to the transportation 
system to offload sludge into DST 241-A W-105; and the systems designed to safely store wastes in 
AW-105. General design requirements are summarized in Appendix A. For perspective, a map of 
the Hanford Site, showing the location of the 100 Kand 200 East Areas, is shown in Figure 3.1. 

3.1 SLUDGE TRANSPORTATION SYSTEM 

The K Basin sludges will be shipped to the tank farm using a specially-designed transportation 
system for shipment to the AW tank farm. The Sludge Transportation System consists of a trailer
mounted ASME pressure vessel, designed to meet onsite shipping criteria for a Type B transportation 
system for highway-route controlled quantities of radioactive materials. This section provides the 
characteristics of the transportation system that are to be used in this safety assessment. Note that the 
transportation system is currently under development and some of the characteristics and operating 
parameters may change as the design evolves. This information was extracted from the draft 
packaging design criteria for the Sludge Transportation System (Tomaszewski 1996). 

3.1.1 General 

The Sludge Transportation System will be designed and delivered as an integral system. The 
functional requirements for the transportation as related to the offload system are: 

• Interface with and fit within the Sludge Receiving Station adjacent to A W-105. 

• Weigh no more than 100,000 lb with a fully loaded container and all support hardware. 

• Provide for safe shutdown of equipment during sludge offload activities in the event of 
equipment failure (i.e., leakage, plugging). 

• Provide capability to flush container, connectors, and transfer lines. 

• Provide equipment to interface with TWRS provided utilities (i.e. , electrical, flush water). 

• Meet ALARA objectives. 

3.1.2 Packaging and Container 

The container will be an ASME pressure vessel meeting onsite performance criteria for a 
Type B packaging system for highway-route-controlled quantities of radioactive material. The 
container is planned to have a minimum capacity of 3m3, maximum capacity of 6m3, and fit within 
the sides of an 8 ft wide, 30 ft long, single-drop, flatbed trailer. Figure 3.2 provides a conceptual 
description of the Sludge Transportation System. Some key features of the container include the 
following: 

• Materials used for fabrication will be compatible with the pH range and mixture of chemical 
constituents identified in Brisbin ( 1996). 
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• Features to localize and minimize the size of the sludge heel (such as would be provided by a 
sloped bottom). 

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

• Features to monitor and obtain the sludge and liquid levels . 

• Features to obtain sludge samples for laboratory analyses . 

• Features to mitigate the effects of water sloshing (such as damping or administrative controls 
on travel speed). 

• Features to sluice the residual sludge and heel from the container following offloading. 

• Survive an engulfing fire as described in Tomaszewski (1996) . 

The maximum container fill rate is anticipated to be 6.3 Lisee (100 gpm), through a 5.1 cm 
(1.5 inch) fill line. The fill line connects to the container fill port using a dry disconnect coupler. 
Air displaced from the container during fill operations will be vented through at least two passive, 
High Efficiency Particulate Air (HEPA) filtered vents, which are capable of being sealed during 
transport. During loading, the container will be monitored to control sludge volume and fissile 
content using level detectors and non-destructive assay instrumentation features which will be 
interlocked with the Sludge Loadout System at K Basins. 

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

At the time of removal from the basin, the sludge characteristics will be obtained and 
compared to the operational safety limits established in the Safety Analysis Report for Packaging· 
(SARP) using Non-Destructive Assay (NOA) or actual laboratory analyses of samples. Safety limits 
in terms of maximwn allowable heat load, maximum dose rate, criticality prevention, and gas 
generation will be established and documented in the transportation system's SARP, will not be 
exceeded. 

The transportation system will include a pumping system with the capability to transfer sludge 
from the container to the tank. The container pumping system mates to a 1.5 inch transfer line via a 
dry disconnect coupler. Controls for the pwnping system will be interlocked with the tank farm's 

· Sludge Receiving Station leak detection sensors. Connections and equipment will also be provided for 
the TWRS supplied utilities (i.e., electrical , flush water) . 

Shielding for the container will be based on the highest specific activity sludge, with the 
sludge settled to the bottom of the container. Shielding may be integral with the container or be 
provided as an overpack. 
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Radiation levels emitted from the shipping container are targeted to be less than: 

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

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

Container ports and closures will be sealed from the atmosphere during transport with positive 
closure devices which are designed to not be able to be opened unintentionally. Seals and sealing 
surfaces are protected during equipment handling processes . 

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

The container will be designed to minimize the size of the sludge heel to minimize radiation 
exposures during handling and transport of the "empty" container. The container interior is to be 
designed to allow for removal of the majority of sludge heel , including particles as large as ¼ inch. 

3.1.3 Transport Trailer 

The design requirements for the trailer include the following: 

1) be a National Highway Traffic Safety Administration (NHTSA) registered trailer. 
2) be an open lowboy, single-drop, 30 ft overall length, and 8 ft wide. 
3) have a minimum concentrated load capacity of 60,000 lbs . 
4) have container attachment cross-members meeting the securement systems requirements of 49 

CFR 393.102 (d). 

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

" . .. a static force, positioned at the center of gravity of the container, having a vertical 
component of 2g, a horizontal component along the direction of vehicle travel of 10g, and a 
horizontal component perpendicular to the direction of vehicle travel of 5g, with the g factor 
applied to the weight of a fully loaded container with attached support hardware." 

The trailer landing gear will be provided with a two-speed, manual crank with sand pads 
capable of accommodating a fully loaded trailer. · 
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3.1.4 Support Equipment 

Support equipment includes equipment to pump the sludge, operate and monitor offloading 
operations, mix container contents , vent displaced air during loading and unloading operations , and 
flush the container and piping following unloading operations. Support equipment is anticipated to 
include: · 

• Level indicators. 

• Console to monitor and control offloading operations. 

• Equipment for removing container contents . 

• System to mix container contents. 

• Equipment necessary to interface with TWRS supplied electrical power, water, and Sludge 
Receiving Station. 

3.2 SLUDGE RECEIVING STATION 

This chapter is under development. The purpose of the Sludge Receiving Station, as defined 
in WHC (1996a) is to provide the necessary equipment and capabilities to transfer K Basin sludges 
from the Sludge Transportation System to DST A W-105. Key features of the Sludge Receiving 
Station (Figure 3.3) used in the safety analysis are described in this section. 

The Sludge Receiving Station consists of three main elements: 1) spill retention basin; 2) 
male coupler for connecting to the sludge transportation system; and 3) transfer line from valve 
station to sludge distribution system connection as described below: 

• The spill retention basin is located adjacent to AW-105 and functions primarily as a leak 
collection system in the event that a transfer connection or line ruptures or otherwise leaks. It 
was assumed that any leakage would be collected in a sump which would be collected and 
pumped back into the DST. 

• The male coupler at the Sludge Receiving Station contains the necessary connections to mate 
to the Sludge Transportation System and provides the terminus for the permanent transfer line 
from the tank. A dry disconnect coupler is likely to be provided. 

• The transfer line provides the flowpath for sludge to be placed in the tank. As shown in . 
Figure 3.4, the transfer line will be aboveground and is double-contained (hose-in-pipe or 
pipe-in-pipe) with leak detection capabilities between the inner and outer line. The leak 
detectors are interlocked to the pump on the shipping container to automatically stop the pump 
upon detection of leakage. The line is planned to be installed aboveground with concrete half
shells over the above-grade portion to provide shielding. 
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Additional information related to the transfer operations are as follows: 

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

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

• A temporary radiation zone will be established around the Sludge Receiving Station in tank 
farms. The temporary radiation zone will be removed after each transfer is complete. 

• The air compressor shown on conceptual drawings of the trailer (Figure 3.2) is not a final 
detail. It was shown tentatively on the drawings and is intended to provide pump motive 
force (electric-driven pumps are also under consideration) and, if needed, to bubble air into 
the cask to assist in the pumping process. 

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

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

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

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

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

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

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

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

• An off-the-shelf spill retention basin will be provided in tank farms. The truck will drive 
onto the spill retention basin, the tractor will be uncoupled and moved away, and the trailer 
chocked. The spill retention basin is capable of supporting the loads envisioned for the 
offload process. 

3.3 AW TANK FARM DESCRIPTION 

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

The AW tank farm is located in the 200 East Area at the Hanford Site. Figure 3 .1 provides 
the map of the Hanford Site. Figure 3.5 shows the tank farm configuration at the 200 East Area. 

3.3.1 Structure of Double-shell Tanks 

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

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

The design codes and standards followed during the construction of the DSTs are provided in 
Appendix 3A. The following sections discuss the confinement features of the double-shell tanks. 
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3.3.1.1 Primary Tank 

The carbon steel primary tank measures 75 ft in diameter and is 46 ft 9 in. high at the dome 
center. The nominal storage capacity is 1. 0 million gals at a liquid level of 30 ft 2 in. The 
maximum storage capacity is 1.16 million gals at a liquid level of 35 ft 2 in. 

The bottom of the primary tank is fabricated of steel plate. A one inch thick steel plate 4 ft 
in diameter is located in the center of the primary tank. A one-half inch thick plate extends to a 
curved, or formed, piece of the steel plate called the "knuckle" . This is the location where the tank 
bottom joins the tank wall. The knuckle plate is 7 /8 in. thick. 

The wall plates gradually thin from 7 /8 in. at the knuckle to 3/4 in. , to 5/8 in. , to 1/2 in. , 
and finally to 3/8 in., completing the remaining 20 ft of the tank wall. The wall meets the tank dome 
at the "haunch" junction at the top of the 20 ft section. The haunch and most of the dome are formed 
with 3/8 in. thick steel plate. The exact dome center is a 1/2 in. thick circular plate which is 12 ft in 
diameter. 

To reduce high stress points at weld joints that are susceptible to corrosion and• cracking, 
post-fabrication stress relief treatment was performed for the primary tank. 

3.3.1.2 Secondary Liner 

The secondary liner is built directly on top of the concrete foundation slab and extends up the 
concrete shell walls to near the upper "haunch" area. The liner is 80 ft diameter and roughly 20 ft 
high. The secondary liner is constructed of carbon steel plates varying in thickness from 3/8 in. to 
1/2 in. The bottom of the secondary liner is fabricated from 3/8 in steel plate. The secondary liner 
knuckle is made of a 1/2 in. steel plate that extends about 2 ft from the floor and is welded to 3/8 in. 
wall plates. 

Structural integrity of the annulus is required for satisfactory primary tank integrity and 
operation. The secondary liner provides physical support and a necessary heat sink to prevent 
primary tank integrity degradation. The completely enclosed annulus is the confinement barrier for 
potential primary tank leaks, thus preventing an uncontrolled release of waste to the environment. 
The annulus is normally ventilated and monitored by radiation detectors and leak detectors for 
evidence of primary tank leakage. 

All primary tanks and secondary steel liners were full penetration, butt-welded. The welds 
were visually inspected, radiographed, and accepted per the requirements of ASME Section VIII, 
Division 2. 

3. 3 .1. 3 Concrete Shell 

The exterior concrete shell is an 89 ft diameter, steel-reinforced concrete shell that rests on a 
structural concrete foundation. This shell is designed to support all soil loading, dead loads , live 
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loads (equipment, personnel) and seismic loads. The concrete shell completely encases the secondary 
liner and primary tank dome. The concrete walls are 18 in. thick and rest on a steel slide plate 
mounted on the foundation footing . The 15 in. thick concrete dome and the walls contain a lattice of 
reinforcement bars and embedded J-bolts that are threaded into nuts welded to the steel tank walls and 
dome. 

The one-piece, 89 ft 4 in. diameter structural concrete foundation, evenly distributes all 
weight loads to the ground below. The circular center portion of the foundation is 6 ft in diameter 
and 2 ft thick. From the circular center portion, foundation thickness tapers to 12 in. and expands 
again to 33 in. at the outer edge. 

The top of the concrete foundation contains drain slots for the removal of any liquid that 
might leak from the secondary tank (constituting a tertiary leak detection and collection system). Any 
liquid that reaches the foundation will drain through the slots to ;i leak detection well. 

Design analysis of the concrete structures indicates that it will experience a nonlinear creep 
and cracking due to elevated temperature conditions induced by the contents of the primary tank. 
However, it reaches an equilibrium point with a margin of safety. 

3.3 .1.4 Concrete Pad 

An 8 in. thick insulating concrete pad is located between the primary and secondary liner. 
This pad protects the external structural concrete foundation from excessive temperatures during stress 
relief treatment. During regular tank operation, the insulating concrete pad serves to establish a 
uniform tank bottom temperature, provides a means ~f heat removal , provides a means of leak 
detection, and helps to eliminate pockets of water condensation. To provide this function, the 
insulating concrete pad is cast with air distribution and drain slots in a grid pattern. 

To provide cooling, air is drawn through the drain slots via the annulus ventilation system 
(see Section 2. 7 .1.2). The drain slots allow any leakage from the primary tank to drain into the 
annular space that contains conductivity leak detection instrumentation installed in annulus risers. 

3.3 .1.5 Risers 

Each tank is equipped with riser pipes that penetrate the concrete dome and the top of the 
primary or secondary tank. The risers provide access to the primary tank and to the annulus space 
for waste transfer operations, equipment installation/use, and for monitoring purposes. Some risers 
are located in covered pits (e.g. , central pump pit, annulus pump pit, and drain pit) and at specific 
predetermined locations. These risers can be used to install instrumentation that measures or monitors 
tank temperature and pressure, liquid and sludge levels , weight factor (WF), specific gravity (SpG); 
and provides observation ports and inspection locations. A typical dome penetration arrangement is 
shown in Figure 3. 7, with a description of the number and sizes of penetrations. The pits provide 
access to process piping and tank risers and are the installation points for jumpers, pumps, and other 
equipment used to establish waste transfer routings . Additional detailson risers can be found in 
WHC-SD-RE-TI-093 , Double-Shell Underground Waste Storage Tank-Riser Survey (WHC 1991). 
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Primary tank dome risers are provided for instrument access to measure and/or monitor or 
perform the following functions: 

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

Annulus risers are provided for the following functions: 

• Liquid leak detection instruments 
• Annulus pump pit risers 
• Access or inspection 
• Periscopes 
• Still and television cameras 
• Ventilation air supply and exhaust ducts 
• Temperature monitoring. 

3.3.1.6 Pits 

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

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

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

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

3.3.1.6.1 Central Pump Pit 

Central pump pits are approximately centered on the tanks and have three purposes: 
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(1) supernatant filling/removal ; (2) slurry distribution, and (3) mixer pump installation. A typical 
central pump/distributor pit is illustrated in Figure 3.8. 

Supernatant filling is accomplished through piping or jumpers connected to a drop-leg riser. 
For supernatant removal, central pump pits are designed to hold a deep-well turbine pump and piping 
or jumpers. Tanks without pumps have dummy pump heads installed on the pump flange. The 
dummy pump heads support the supernate pump-out (and fill) jumper. Central pump pits for receiver 
tanks which are used to store slurry from the 242-A Evaporator, which includes A W-105, are 
equipped with slurry distributors . 

A slurry distributor disperses the slurry evenly within the tank during filling operations. The 
pump pit cover block is marked with a distributor-indexing diagram, so the distributor may be set at 
any given position from an established "0°" reference point. The "0°" position for the distributor 
points directly at the level instrument assembly. Two "Do Not Slurry" zones appear on each slurry 
distributor indexing diagram. One zone is at the indicated "0°" to protect the level instrument; the 
other zone prevents slurry from being sprayed directly under the tank ventilation outlet. A slurry 
distributor is shown in Figure 3. 9. 

3.3.1.6.2 Annulus Pump Pit 

Annulus pump pits are located over an annulus riser to provide a means for pumping out any 
liquids that have accumulated in the annular space in the event of a primary tank leak. 

Annulus pump pits typically measure approximately 7 ft by 7 ft by 11 ft 7 in. deep with 
12 in. thick walls . Annulus pump pits are covered with a 20 in. concrete cover block. The cover has 
a small leak detector assembly access hole with a shielding plug that may be used for observation 
purposes. The cover block must be removed to obtain access to the leak detector because the plug/ 
detector is threaded into the annulus pump pit drain. Figure 3 .10 shows a typical annulus pump pit. 
In most cases, deep-well vertical turbine pumps will be installed on an as-needed basis . The pump is 
lowered into position after a blind flange is removed. A rigid jumper assembly connects the pump's 
outlet to a 2 in. Process Waste (PW) line that is enclosed in a 4 in. encasement that slopes to drain 
the encasement pipe toward the annulus pump pit. The 2 in. PW line terminates at the tank's central 
pump pit. The waste may then be pumped to a suitable tank through the existing transfer piping. 

3. 3 .1. 6. 3 Leak Detection Pit 

Leak detection pits have been installed in all DST farms. Before 1986, each tank had its own 
leak detection pit located adjacent to the tank annulus . 

Leak detection pits collect and are monitored to detect liquid from the drainage grid at the top 
of the concrete foundation upon which the secondary liner bottom rests. · This pit is fabricated as two 
parts: a leak detection well/pump pit and a 6 in. diameter radiation detection pit. Figure 3.11 shows 
a typical leak detection pit. 
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Leak detection pump pits are 7 ft square by 10 ft 7 in. deep and have 12 in. concrete floors 
and walls. One 20 in. thick ·concrete cover block fits over the pump pit. Access to the radiation 
drywell is adjacent to the pump pit and under a sheet metal cover. The pit is located about 12 ft from 
the concrete tank wall. The leak detection well sump floor is typically 62 ft 10 in. below grade. 
Below the top of the cover block, at approximately 58 ft, a 6 in. encased drainpipe connects the leak 
detection well sump to the tank foundation for liquid collection. Depending upon the farm, the liquid 
can be pumped back into the primary tank or through process piping to a designated receiver tank. 

The leak detection pit may be ventilated through a 2 in. diameter vent line, connected to the 
tank annulus ventilation system by opening an in-line ball valve with a T-handle. The T-handle 
extends about 3 ft above grade, near the leak detection pump pit. The ventilation line connects with 
the annulus vent system. Unless leak detection pits are contaminated, ventilation is unnecessary. 

The radiation well, 6 in. in diameter, terminates adjacent to (but outside the detection part ot) 
the leak detection pit sump. The outside dimensions of the radiation dry well pit are 3 ft 10 in. long, 
2 ft 4 in. wide, and 2 ft 3 in. deep. The radiation well access pit drains into the leak detection pump 
pit which drains to the pit sump. Access to the pit is gained by removing a steel cover plate with 
retractable lifting bails. 

3.3.2 241-AW Tank Farm Description 

This section describes the AW tank farm, tank farm equipment and the supporting facilities, 
such as the ventilation systems, instrumentation and controls, and other facilities. 

The following are the nominal dimensions of all the tanks in the AW Farm: 

Diameter: 
Height at Crown: 
Nominal Height: 
Nominal Capacity: 
Maximum Height: 
Maximum Capacity: 

75 ft 
47 ft 
35 ft. 
1,150,000 gal. 
35 ft. 
1,160,000 gal. 

The codes and standards used to design and construct the DSTs are provided in Appendix 3A. 

The 241-AW Tank Farm has six DSTs that were constructed in 1980, each capable of holding 
a maximum of 1,160,000 gals. The 241-AW Tank Farm stores low-heat radioactive liquid waste 
generated by PUREX. The tanks are specifically designed for storage of 242-A feed and have 
rounded knuckles. 

Tank 241-A W-102 is the feed tank for the 242-A Evaporator and is used for all waste 
concentration operations. Any waste designated for concentration is pumped to feed 
tank 241-A W-102 for transfer to the 242-A Evaporator. 
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Cladding removal waste is initially stored in tanks 241-AW-103 and 241-AW-105 . Solvent 
extraction wash waste and miscellaneous sump waste are stored in tank 241-AW-104. 
Tank 241-A W-106 is the slurry receiver tank from the 242-A Evaporator. Table 3 .1 provides current 
waste storage information in the 241-AW-105 tank. Table 3.2 provides a list of facilities within the 
AW Tank Farm. 

3.3 .2.1 AW Tank Ventilation Systems 

All DST ventilation systems are comprised of both a primary or Kl ventilation system and an 
annulus or K2 ventilation system. 

The function of the primary ventilation system is to remove potential radioactive decay heat 
from the primary tank by removing vapors from the tank head space. The combined annulus and 
primary tank ventilation systems can remove up to 100,000 Btu/h. In addition, the primary 
ventilation system serves to confine the stored materials by maintaining negative pressure conditions 
within the tank. 

The annulus ventilation system removes the heat generated by radioactive decay and by 
operation of the mix pumps. 

Due to active ventilation, all ventilation exhaust systems are designed, constructed, and 
maintained to do the following : 

• Provide confinement of condensed vapors. 

• Remove radioactive particulate materials from gaseous effluent so that the effluent meets the 
concentration guidelines specified in DOE-RL Order 5480. lA. 

Figure 3.12 illustrates the typical ventilation systems for a double-shell tank. 

3.3.2.1.1 Primary Tank Exhaust System 

The primary tank ventilation system shown in Figure 3.13 filters and removes moisture from 
tank exhaust vapor before the vapor is discharged to the atmosphere. The primary tank ventilation 
system maintains a negative pressure on the tanks in order to offset maximum fill-rate and air 
in-leakage. This ensures confinement of radioactive airborne materials . The primary tank ventilation 
system can handle offgas with as much as 100% humidity. 
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Table 3.1 Current Status of AW Tank Fann Storage Tanks 

Waste Inte- Supemate Drainable Interstitial Sludge Saltcake Intrusion 
Material grity Volume Liquid Volume Volume Volume Interim Preven-

Classification Cate- Watch List Stabilized tion 
Tank/Facility (I) gory Designation Kl Kgal Kl Kgal Kl Kgal Kl Kgal Complete 

241-AW- IOI DSSF Sound Hydrogen 3948 1043 8 2 318 84 0 0 No No 

214-AW-102 DN Sound Not listed 348 92 0 0 4 I 0 0 No No 

241 -AW-103 DN/PD Sound Not listed 572 151 140 37 1374 363 0 0 No No 

241-AW-104 DN Sound Not listed 3160 835 185 49 678 179 420 111 No No 

241-AW-105 DN/PD Sound Not listed 1230 325 110 29 1124 21)"1 0 0 No No 

241-AW-106 DN Sound Not listed 916 242 159 42 799 211 322 85 No No 

(I) Waste material classifications are abbreviated as follows: DSSF = Double-shell Slurry Feed; DN = Diluste Non-complexed Waste; DN/PD = PUREX Neutralized Cladding 
Removal Waste, transuranic (TRU) waste. 
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Table 3.2 Double-Shell Tank Fann 241-AW Facilities List 

Equipment Description Equipment Identifier 

Tanks 214-AW-101, -102, -103, -104, -105, -106 

Primary tank ventilation system 241-AW Exhaust Station 

Annulus ventilation system 241-AW Exhaust Station 

Air intake assemblies DPI-1 through -6 (one at each tank) 

Airlift circulator 241-AW-102 

Valve pits 241-AW-A, 241-AW-B 

Central pump pits 214-AW-OlA through -06A 

Annulus pump pits 214-AW-01B through -06B 

Lealc detection pump pits 214-AW-OlC through -06C 

Lealc detection transmitter enclosures 214-AW-OlC through -06C 

Drain pits 241-AW-02D 

Cleanout boxes COB-AW-01 through -12, and A-30 

Flush pit 241-AW 

Service pit 241-AW 

Primary seal pot 241-AW Kl 

Annulus seal pot 241-AW K2 

Feed pump pits 241-AW-02E 

Ventilation instrument pits AW VIP -1 , -2, and -3 

Instrument building 241 -AW-271 

Compressor building 241-AW-701 

Service building 241-AW-273 

Operations suppon facility 241 -AW-272 

Electrical substation 241-AW 

Motor control center MCC-241-AW 

Pump control centers NIA 

HV AC gage racks NIA 

HV AC radiation monitor cabinets NIA 

Heat trace control panel NIA 

Specific gravity enclosure 241-AW-102-1 

Drywell Dry well next to each lealc detector pit 

Test risers NIA 

Area RAM monitor/light towers NIA 
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Air is introduced into the tank head space through air purge instruments and by outside air 
drawn into the tank through pit cover blocks and risers because of a vacuum created by the exhaust 
blower. Air is then drawn out of the tank through a 12-in. diameter duct and into a below grade 
exhaust header. Primary tank exhaust ducts have air volume control butterfly valves located in vent 
pits. After leaving the vent pits, exhaust ducts combine into one 16-in. diameter duct. The exhaust 
header terminates at the primary Kl exhauster unit located on the primary ventilation pad. 

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

The dry heated air is prefiltered for particulates by a National Bureau of Standards filter . 
Next there are two HEPA filters mounted in series to remove particulates as small as 0.3 microns 
with at least 99. 95 % efficiency. Smaller particles can be trapped by the filter but it is not rated for 
any particle smaller than 0.3 microns . Two differential pressure (DP) indicators across the HEPA 
filters monitor operating conditions. Low DP indicates low air flow or a failed filter . High DP 
indicates blockage due to accumulated solids or possible ice formation on the filters . 

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

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

Under normal circumstances, one of the Kl demisters is valved in and the opposite demister 
is valved out. 

3.3 .2 .1.2 Annulus Ventilation System 

The annulus ventilation system for AW tank farm is illustrated in Figure 3.14. The air intake 
to the annulus of each tank is designed for 800 scfm and is routed through a 35 % efficiency prefilter 
and a "non-compliant" self-contained HEPA filter before being supplied to the annulus air distribution 
channels of each tank. The airflow exhausted from the annulus of each tank is combined and then 
routed through both exhaust trains , with each train consisting of a demister, an electric heater, two 
HEPA filter housings, and a fan, before being exhausted from a stack to the atmosphere. One 
notable difference is that each AW HEPA filter housing consists of three HEPA filters mounted one 
on top of the other. The total airflow rate through the annulus ventilation systems for AW tank farm 
are designed to handle approximately 5,250 scfm. 

Instrumentation is above grade and is located at the exhaust unit and/or in the instrument 
building. All primary ventilation, instrumentation, duct work drains , and seal pots are protected from 
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The instrumentation and monitoring systems used in AW tank farm includes the following : 

• Computerized Surveillance Systems . 
• Liquid Level Measurement System. 
• Leak Detection and Monitoring Systems. 
• Waste Sampling Equipment and Methods. 
• Structural Monitoring (Single-Shell Tank Farm). 
• Temperature Monitoring. 
• Standard Hydrogen Monitoring. 
• In-Tank Surveillance Cameras. 
• Criticality detection systems. 

Within TWRS there are two primary computerized surveillance systems. These systems are 
Computer-Automated Surveillance System (CASS) and Tank Monitoring and Control System 
(TMACS). The following subsection discuss each of these systems. 

3.3.2.2.1 Computer-Automated Surveillance System (CASS) 

CASS is designed to provide a central, computerized surveillance of the Hanford Site 
underground waste storage tanks and their associated facilities. The central CASS Facility is located 
in the 2750-E Building in the 200 East Area. The CASS Facility is manned on a 24-hour basis by 
Waste Tank Operations. 

The CASS is provided for most of the tank farm monitoring systems. Field detection and 
monitoring instrumentation systems are essentially the same for all individual tanks within the tank 
farms. Detection instruments send data to monitors in the tank farm instrument enclosures and/or 
monitors in the appropriate instrument buildings. All signals are converted to electrical signals before 
transmission to CASS substations. Most monitored data is fed automatically to the CASS, however, 
some data is measured and recorded manually and maintained at each farm without input to the 
CASS. 

Parameters continuously monitored by the CASS include the following: 

• Substation failures 
• Leak detection pit alarms (high-radiation, high-liquid level) 
• Tank pressure alarms (high-pressure and vacuum) 
• Leak detectors on tank annulus floor 
• Exhaust fan failure alarms 
• Radiation detection units (annular exhaust continuous air monitors (CAMs), HV AC exhaust 

stack CAMs, raw water lines in service pits , instrument building panel alarms) 
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• Process line, encasement, process pit leak detectors, COB leak detectors 

The following parameters are scanned hourly by the CASS: 

• Actual liquid level measurement 
• Deviation from liquid level baseline criteria 
• Failure of liquid level monitoring equipment 

Signals are monitored and displayed on panel boards within the appropriate instrument 
building. Each tank has an associated local panel board, transmitter enclosure, and assigned portion 
of the pressure switch rack. Some signals are transmitted to the 242-A Evaporator1 control room (for 
the 200 East Area), the 242-S control room (for the 200 West Area) as well as to the DST instrument 
buildings. Instrument panel boards display and/or record the monitored conditions of the various 
parts of the tank farms. Panel board information includes pressure and high-liquid level in each 
primary tank, leak detector and high airborne radiation probes in the annulus, high-liquid level and 
high radiation in the leak detection pit, and alarms relating to the operation of the ventilation system. 

Separate CASS program files are kept for data categories (such as liquid levels, and 
thermocouples) and are held in the program's 32-day historical file. Transfer to the permanent 
retention file occurs daily. The CASS reports contain information that is received automatically or 
manually input through a computer terminal. A few readings (selected liquid level, weight factor, 
etc.) are not CASS files. These readings are measured manually each shift, then manually recorded 
and retained by Tank Farm and Evaporator Process Control personnel. Reports are generated on 
predetermined report forms. Each tank farm can select and customize the data on the reports. 

3.3.2.2.2 Tank Monitoring and Control System (TMACS) 

The TMACS consists of the Liquid Level Measurement System, the Leak Detection and 
Monitoring Systems, the Waste Sampling Equipment, the Temperature Monitoring, and the Standard 
Hydrogen Monitoring. These systems are discussed in the following sections. 

liquid Level Measurement System 

Liquid level monitoring is a primary tool for maintaining strict accountability of radioactive 
and chemical waste solutions. Surveillance of an isolated tank gives the first warning of any liquid 
which may be leaking from the tank. It would also identify the unlikely possibility that liquid is 
intruding into the tank. Liquid levels in all waste storage tanks are monitored and recorded. 

For additional information on the 242-A Evaporator, refer to the 242-A SAR (WHC 1994). 
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Three devices are used to monitor and control the liquid level in the primary tanks. These 
devices are as follows: 

• 

• 

• 

A level-indicating transmitter (LIT) assembly provides continual automatic monitoring. The 
LIT installed in AW-105 is a Food Instrument Corporation (FIC) liquid level sensors . 
For some tanks, level indicator assembly or manual tape provides a manual backup for the 
LIT. 
A high-level detector provides the alarm input for a high-liquid level. 

FIC Gauges - The FIC gauges are mounted on selected risers and rest at the surface level and 
then raise and lower, contacting the liquid surface. The reading is accomplished manually at AW-
105. The gauges are mounted on selected risers. Operators manually raise and lower (bob) the 
plummet position at the air-liquid interface. When this plummet contacts liquid, an electrical circuit 
to ground is completed, thus determining the liquid level. 

Although many underground storage tank liquid levels in the East and West Area tank farms 
are determined by automatic FICs (CASS or TMACS read), there are times when the automatic FIC 
becomes inoperative or, in the case of AW-105, only a manual FIC is provided. In these cases, the 
FIC must be manually read and the data entered into CASS. 

Manual Tapes - There are two main types of manual tapes. The flake box type, described 
below, is a more recent design. The older type is generally much taller and has an exposed tape reel. 
Despite their differences, both operate in essentially the same manner. The reel is permanently 
attached to the tank riser, and the measuring tape is attached to the reel. The tape is inserted through 
the hole in the riser flange. Readings are obtained by _attaching a portable DC meter to the terminals 
provided at the riser. The zero position on the manual tape represents the bottom of the tank or 
sump. 

Flake box housings are located on a primary tank riser (on most DSTs and DCRTs) and on · 
some annulus risers for leak detection. A flake box consists of a plexiglass housing containing a reel 
which is wound with a calibrated stainless steel tape. The tape extends down through the tank riser, 
and has a probe attached to the end. Flake boxes serve different purposes in different locations. 
Installed on a primary tank, they provide a means of determining waste liquid level within the tank. 
On a tank annulus, they can be used as a means of detecting leakage from the primary tank into the 
annulus. 

The elevation of the probe is adjustable by turning a hand crank on the side of the housing to 
wind or unwind the steel tape. A portable direct current ammeter is connected to the tape and ground 
(riser flange) to determine when the electrical circuit to ground is completed. The plummet is 
lowered until the electrical circuit is completed, and the liquid level at the point of contact is read 
manually from the tape housing. 

On the tanks that do not have a level instrument system, liquid level readings can be obtained 
with a manual tape or calibrated, insulated wire (zip cord). Insulated wires have electrodes attached 
and are premeasured and marked to allow for anticipated variances . In each case, readings are 
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obtained by attaching a portable DC meter to the terminals provided at the riser and lowering the 
electrodes until contact with the liquid surface is indicated by initial positive deflection of the DC 
meter, as described above. 

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

Sludge Level Monitoring 

A solid or sludge layer is commonly formed in the bottom of waste storage tanks as the 
contents concentrate and solids precipitate. It is necessary to monitor this sludge depth. Changes in 
the sludge level would indicate a change in tank solution makeup , and in some cases could clarify 
unexplained changes in liquid levels . 

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

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

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

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

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

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

Double-Shell Tank Farm Liquid Level Monitoring 

Several methods are used to measure a tank liquid level. In all cases , the measurement 
represents the depth of liquid from the bottom of the tank. This figure is multiplied by a conversion 

· factor to calculate the volume (in gallons). In all 75-ft diameter tanks , 1 in. of liquid represents 
2,750 gal . 
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Leak Detection and Monitoring Systems 

In addition to the liquid-level monitors used for leak detection discussed above, dry well 
laterals monitor liquid intrusion to the soils surrounding and supporting the underground tanks as a 
second basic method of leak detection. 

For a DST, each annulus has three conductivity probes spaced around the tank center at 
120° intervals. For the concrete shell portion of a DST, the leak detection system is known as a 
"leak detection pit weight factor" system which monitors liquid level in leak detection pit sumps. 
A small amount of water is always kept in the leak detection pit sump so that the operability of the 
dip tubes may be constantly verified. Detection of a higher than normal liquid level must be 
investigated as a possible leak. Two annunciators are provided to alarm the activation of each leak 
detection unit; one at the instrument building, the other at the 242-A evaporator/crystallizer control 
room. 

Leak Detection Pit Instrumentation 

Three devices are associated with the leak detection pit instruments: a liquid level detector, a 
thermocouple, and a radiation detector. 

• Liquid Level Measurement System - Each leak detection pit has a specific gravity (SpG) 
measurement unit. The SpG enclosures contain monitoring instrumentation ·that transmit the 
SpG information provided by the measurement units . The monitoring equipment also 
converts the pneumatic SpG signal to an electrical signal, then forwards the signal to the 
instrument building. 

Leak detection pits have three SpG dip tubes . One dip tube is located 6 in. above the pit 
floor , and one is located 16 in. above the floor . Both are below a maintained water level. 
Another dip tube is located near the top of the well , above the water level. The DP between 
the two pipes below the water is used to determine the SpG; the DP between the upper dip 
tube and the lower dip tube is used to determine the WF. 

• Temperature Measurement System - Temperature elements that are installed at the bottom 
of each of the leak detection pits are used in the event of a leak from the annulus tank, which 
drains to the leak detection pit. A dual thermocouple assembly mounted below the water level 
in each leak detection well. These temperatures may be read at the TDS in the respective 
instrument buildings or on the CASS. 

• Radiation Measurement System - The radiation detector is located in a dry well adjacent to 
the leak detection well . Detection of high radiation level or detector failure annunciates 
alarms. 

Further, transmitter enclosures are provided for leak detection pits in the DST farms. A typical 
enclosure contains the following pneumatic transmitters: 
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• Leak detection pit SpG transmitter 
• WF transmitter providing a signal to the Leak Detection Pit WF gage 
• WF transmitter, providing a signal to the Leak Detection Pit WF alarm switch 
• Transmits primary tank pressure to high/low pressure alarm, annunciators, and narrow range 

(-4 in. to + 1 in. WG) pressure recorder 
• Transmits primary tank pressure signal to the wide range (-10 in. to + 80 in. WG) pressure 

recorder. 

Transmitters for pressure, WF, and SpG convert hydrostatic pressure differences (across dip 
tubes) into pneumatic signals. The signals relay to the instrument building, transmit to the pressure 
switch rack, and activate the respective WF alarm switches. These switches convert the signals from 
pneumatic to electrical, then energize annunciators on instrument building panelboards. 

Pit/Box and Transfer System Leak Detection System 

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

Leak detection conductivity probes are located in the following pits: 

• Central pump pits 
• Annuli pits 

• Leak detection pits 

• _Valve pits 
• Flush pit 
• Service pit 
• COBs 

Control stations, each near the serviced tank, hold single-mounted detection monitors for the 
central pump pit, annulus pump pit, and leak detection pit. Each tank's control station is identical. 

3.3.2.2.3 Waste Sampling Equipment and Methods 

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

Core Sampling 

Core sampling is the task of remotely obtaining samples of solid or semi-solid material stored 
in the tank farm waste storage tanks. Essentially, core sampling consists of boring a hole into the 
solid/sludge mixture in the tank with a hollow tubular drill string. A portion of the material inside 
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the drill is then captured with a sampling assembly inserted inside the string. The sample assembly js 
then retrieved to the surface. 

Push mode and rotary mode are two core sampling methods used to obtain solid and/or 
supernatant liquid samples of the high-level waste materials remaining in the underground waste 
tanks. The samples are obtained from the tanks using specially designed core-sampling trucks and 
sampling devices. A cylindrical cross-section of the tank contents below the riser used for sampling 
is obtained by pushing or rotating a 2.5 cm x 48 cm (1 in. x 19 in.) stainless steel sampler bit into the 
waste. Push-mode sampling is performed on tanks containing liquids or soft sludge. Rotary-mode 
sampling is primarily used to sample sludge or hard salt cake, although it may be used to sample the 
other waste types. During a sampling event, the stainless steel sampler is lowered into the waste by a 
hydraulically powered drill string. Drill ram hydrostatic pressure is continuously monitored during 
the sampling operation to measure waste resistance. Core samples are repeatedly taken until the 
bottom of the tank is reached. 

The sampling rig consists of a truck-mounted rotary platform. The shielded receiver is 
mounted at one end of the rotary platform with the drill unit mounted at the other end. Also mounted 
on the sampling rig is an electrically operated winch. The cylindrically shaped shielded receiver 
houses the full sampler once it has been withdrawn from the tank. The drill unit drives the drill 
string and allows the drill to bore through the waste in the tank. The winch unit is used to raise and 
lower the drill string and additional equipment which connects the riser of the tank being sampled 
with the drill rig. The system is designed to maintain confinement of the waste sample through the 
entire operation. 

Auger Sampling 

Auger samples are used to screen the surface of organic, ferrocyanide, and gas-generating 
watch list tanks, and may also substitute for core samples in tanks containing less than 20 cm to 30 
cm of waste. Auger samples are taken using a stainless steel, hand-turned auger bit contained in a 
sleeve in a method similar to wood boring or ice augering. This sampling method cannot be used to 
sample very fluid wastes since the sample cannot be properly captured in the sampler. 

Supemate and Soft Slurry Grab Samples 

A special sampling bottle that is contained in a cage can be used to obtain liquid or soft slurry 
samples of the waste. The bottle is stoppered and lowered to the desired level. The bottle is then 
opened so that it fills with liquid and retrieved from the tank and is then restoppered. This "bottle
on-a-string" sampling procedure conforms to ASTM (1973). 

Vapor or Gas Sampling 

Vapor space or gas samples are necessary to determine the formation of hazardous, explosive, 
or flammable concentrations of gases such as hydrogen (H2) or ammonia (NH3). 
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Vapor space samples are obtained using a gas-sample probe lowered into the vapor space 
above the tank contents. A mechanical pump draws an air sample into the probe. There are several 
different measuring devices , procedures, and instruments for vapor sampling. 

Three processes are used for obtaining vapor samples. A sample may be passed through a 
device that traps or concentrates certain vapors and gases, a sample may be collected in an 
appropriate container, or the vapor may be analyzed in situ. Further discussion of existing methods is 
presented in the Tank Waste Remediation System Tank Waste Analysis Plan (Bell, 1994). 

3.3.2.2.4 Temperature Monitoring 

Temperature monitoring in the waste tanks, is required to maintain tank operating conditions. 
The temperature data, collected and analyzed, provides infonnation about the waste temperature 
within a tank and identifies an accumulation of solids, or "hot spots ." It records the reaction of a 
transfer to a DST receiver tank of thermally hot liquid waste on the existing solution, and the effect 
of temperatures on the tank and its foundation. 

The temperature of each DST and its contents are monitored using thennocouple elements and 
digital temperature equipment located in the appropriate instrument building. 

Thennocouple elements are installed during construction in each tank in the following 
locations: 

• Insulating concrete (all dual thennocouple elements) 
• Primary tank lower walls 
• Concrete foundation 
• Concrete walls and haunch 
• Concrete dome 

The thennocouple system provides access to thennocouple elements in the liquid in the leak 
detection pit and to the primary tank contents at 18 depths . 

Temperature Measurement System 

Thennocouples extend down through the tank risers into the tank contents . Temperature data 
from these thennocouples can be used to chart a temperature progression from the bottom to the top 
of the tank over time (a "Profile"). In newer tank fanns equipped with stationary temperature display 
systems, there are no provisions for taking temperature readings at the tank risers . The 
thennocouples send their data directly to the instrument buildings. 

A thennocouple probe with thennocouple elements is suspended in each primary DST. The 
low point of the probe is approximately 6 in. above the bottom of the tank with the first thennocouple 
element 4 in. above the low point of the probe. The lowest thennocouple element is approximately 
10 in. above the floor of the tank. 
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Thermocouples also are installed a few inches above the bottom of the tanks at different 
locations from the center. These thermocouples are specially designed sludge thermocouples to 
measure temperature. 

Dome Temperatures - These thermocouples monitor temperatures in the tank dome itself. 
Because of their locations, temperatures indicated are those of the air (or vapor) space above tank 
liquids . 

Tank Knuckle Temperatures - Only one or two thermocouples are devoted to the tank 
knuckles . 

Sludge Temperatures - Sludge thermocouples are installed to detect the buildup of heat
generating solids. They are placed near the bottom of the tank at various locations. 

Sensor Locations 

The locations of the thermocouples in different components of the DST are discussed in the 
following: 

• Insulating Concrete - Thermocouples are installed in the annulus air space to monitor the 
structural integrity of the tank and concrete shell. Thermocouples are imbedded in the 
concrete layer directly under the primary tank and the foundation. They are used to ensure 
that an even temperature is maintained throughout the tank. The thermocouples are located 
close to the underside of the primary liner and are equally spaced in circles. Additional 
thermocouples are in contact with the outer surface of the primary shell . 

Twenty-four thermocouples are in the insulating concrete pad. Thermocouples form three 
concentric rings . The thermocouple spacing varies slightly to avoid interference with the 
insulating concrete drain slots. Thermocouple elements attached to the primary tank wall 
(just above the lower knuckle) in the annulus monitor the temperature above the tank bottom. 

• Foundation - The foundation thermocouples lay between the bottom of the concrete shell 
and the earth below. These thermocouples, arranged in pairs, are used to measure 
temperature gradients through the concrete base. 

Maximum heat transfer between the temperature element and the conduit is achieved by 
loosely packing aluminum foil into the conduit cap. Foil is epoxied into place before the 
conduit end is capped. 

• Concrete Shell - Thermocouple probe units measure temperatures near the inner and outer 
surfaces of the shell. The thermocouple elements in the concrete shell are fabricated in pairs . 
One thermocouple element is close to the inner surface of the shell ( on the annulus wall or 
annulus/primary tank dome) and the other element is close to the soil on the outer surface of 
the shell. There are 24 thermocouple probe units embedded in the concrete shell wall and 
another 24 in the haunch and dome. 
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Portable Potentiometer - The portable potentiometer is used to provide "profile 
temperature" data, which is manually taken at the tank riser, or from a panelboard located in the tank 
farm. 

The "profile temperature thermowells" from which the readings are taken have been placed 
inside the tank and bolted onto an existing riser. On top of the riser is a housing box, which consists 
of a plug receptacle and an indicator dial (also called a "Christmas Tree"). To obtain a temperature 
reading, the portable potentiometer must be plugged into the receptacle. 

Heat Trace Sensing System - Three thermocouple probes are attached to the underside of 
the process piping. The conduit and probes are held in place with stainless steel straps . 

Thermocouple Terminal Boxes - Six terminal boxes equally spaced around the perimeter of 
the tank are junction boxes for the thermocouple electrical leads. A seventh terminal box, near 
riser 4, transmits primary tank thermocouple temperature measurements . 

Tank Temperature Retrieval - For selected tank farms the temperature thermocouples have 
been connected to selector switches located on panelboards in the farm instrument building. The 
selector switches are labeled to identify the tank and thermocouple (TC) numbers. To obtain a 
temperature reading, the appropriate selector switch is connected to the readout unit with the plug-in 
cord provided. 

3.3.2.2.5 Standard Hydrogen Monitoring 

The standard hydrogen monitoring system (SHMS) was developed to be operated in a class 1, 
division 1, group B (hydrogen) atmosphere. Where necessary system components are designed to 
meet the National Fire Protection Association national electric code requirements for operating in a 
hydrogen environment. The standard hydrogen monitoring system has been desigried to be installed 
in four different configurations: (1) on the exhaust header, (2) on a gas probe assembly, (3) on a 
multifunction instrument tree assembly, or (4) on a modified riser flange. After the system has been 
leak tested and calibrated, the valving will be opened to allow sampling of the tank vapor space. 

The standard hydrogen monitoring system is designed to provide online monitoring of gas 
samples for hydrogen content and to allow for more detailed laboratory analyses of grab samples. 
The system is designed for use on any tank. Details are provided in the design documentation 
(Atencio 1992). 

The system schematic is shown in SARR-002 (Van Vleet 1994). The main components of the 
sampling system are the main flow loop, the auxiliary flow loop, the grab sample loop, and the 
calibration system. 

The sample enters the stainless steel tubing at the sample probe location and is routed to an 
environmentally controlled enclosure, i.e., the cabinet housing the instrumentation. The stainless steel 
tubing is heat traced to prevent condensation. The sample then passes through a series of particulate 
filters (a 25-µm and two 0.2-µm filters) with a differential pressure indicator to determine filter 
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performance. A vacuwn pwnp (Atencio 1992) is used to pull the sample through the system. The 
system upstream of the vacuwn pwnp is operated below. atmospheric pressure; consequently, gas 
cannot leak out of the system. The portion of the system located downstream of the vacuwn pwnp is 
located outside of the environmentally controlled enclosure. Thus, any gas leaks that might occur in 
the downstream leg of the system cannot build up but are released to the atmosphere. 

The main flow loop provides the primary monitoring for hydrogen. The hydrogen sensor 
used is an electrochemical cell that provides an electrical signal proportional to the hydrogen partial 
pressure in the gas sample. The sensor range is Oto 50% hydrogen. An inline flow-measuring 
element is provided so that periodic adjustments to the flow rate can be made using the flow control 
valve. · 

The auxiliary flow loop provides a redundant hydrogen monitoring system. This system uses 
a different type of hydrogen sensor than the main flow loop. The auxiliary flow loop uses a solid
state electrolytic sensor to measure the hydrogen. It indicates the results using a scale with a range of 
0 to 100 ppm of hydrogen. An identical solid-state electrolytic sensor measures the hydrogen and 
indicates the results using a scale with a range of 0 to 5 % by volwne of hydrogen. Both sensors are 
encased in explosion-proof housings (Atencio 1992). A flow indicator/controller is provided for 
measurement and control of low volwne flows . 

The grab sampling loop permits gas specimens to be collected. Gas sample cylinders are 
inserted in the assembly using ring seal vacuwn tube fittings . The cylinders are evacuated by opening 
the valves downstream of the cylinders . The local isolation valve is opened and the flow through the 
cylinder is controlled with the flow control valve based on the flow indicator. Once the desired flow 
is attained for a specified amount of time, the isolation and the cylinder valves are closed in a 
sequence to ensure sample collection. 

A calibration gas system is provided to periodically calibrate the sensors . The calibration 
standards are nominally 0.5%, 3.0%, and 100 ppm hydrogen in air. The calibration system has a 
flow indicator and controller specifically designed for low volwne flows. 

An alarm and annunciator system is provided on the system. Both the electrochemical and 
solid-state hydrogen sensors are alarmed for high hydrogen concentrations. The alarms include a red 
strobe light beacon, an audible wavering horn, a local panel light, and a remote high hydrogen alarm. 
In addition, low sample flow, low sample gas temperature, low calibration gas temperature, or · 
high/low cabinet temperature will activate an amber strobe light, an audible wavering horn, a local 
panel lamp, and a remote trouble alarm. These alarms provide audible and visual indications that the 
system needs to be maintained, or that the hydrogen level in the tank is above a preset percentage of 
the lower flammability limit. 

3.3.2.3 Interlock Systems 

Certain tank farm equipment, such as process pwnps and HVAC fans , are interlocked to 
detect off-normal conditions and to protect personnel , equipment, and the environment . The tank 
farm transfer pwnps, · for example, are interlocked to shut down whenever a leak is detected in a 
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process pit or if a transfer line encasement is activated. The purpose of interlocking detection and 
equipment circuitry is to detect abnormal conditions and protect personnel, environment, and 
equipment. Pump shutdown interlock sequences related may be initiated from various sources 
including leak detectors, flush line limit, and pressure switches. In addition, pumps are interlocked 
with their own internal circuitry, such as when the pump motors draw unusually high or low 
amperage. In general, pumps are interlocked with only those detectors that can detect an off-standard 
condition caused by that pump. 

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

• Any one of the master shutdown switches in the 242-A Evaporator control room is activated. 
• There is a leak in any tank farm valve or pump pit. 

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

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

3.3.2.3.1 Pump Interlocks 

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

3.3.2.3.2 Pressure/Limit Switches 

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

Limit switches are primarily used in valve pits where transfer line routing changes are made. 
A limit switch is an internal gear mechanism that activates a set of contacts when the drive shaft has 
been moved. A small lever extending from the limit switch is mechanically triggered as the valve 

K Basin Sludge Safety Assessment 3.27 May 30, 1997 



Rev. B 

position is changed. If a limit switch is activated during a transfer, it will shut down any associated 
transfer(s). 

Pressure switches are primarily used in flush pits where steam or raw water is accessed for 
tank farm use. Pressure switches are mounted at strategic locations within the flush pit to sense line 
pressure fluctuations. In most cases, when the line pressure reaches its preset limit, it will cause the 
associated pump to shut down. For valve pits identified on a graphic routing verification panel board, 
limit switches are interlocked. to corresponding pressure switches and will not normally shut down the 
transfer. There are many exceptions to these rules , such as saltwell jet pumps and the 241-AP valve 
pit, which contain both pressure and limit switches. 

3.3.2.3 .3 HVAC Interlocks 

Another type of interlock is represented by HV AC fans, which are interlocked to shut down if 
the exhaust stack CAM units detect high radiation in the exhaust stack, the redundant train is 
automatically activated. The interlock circuitry for HV AC equipment shuts down the ventilation 
systems if continuous air monitoring units detect high radiation in DST or catch station exhaust vent 
lines. 

3.3.3 Process Description 

This section describes the activities and operations performed within the Tank Farms facilities 
necessary to support and understand the hazard and accident analyses performed in this report. 

Tank Farm processes or operations which support safe management of the radioactive and 
hazardous waste include: 

• Waste Storage 
• Waste Transfers 
• Waste Characterization 

The following sections will discuss each of these operations performed in TWRS facilities, 
with special focus on the DSTs. The process design criteria for the 241-AW Tank Farm is 
summarized in Table 3.3. 

3 .3.3.1 Waste Storage 

The objective of the tank waste storage is to keep the waste isolated from the environment and 
potential human exposure, until final disposition of the waste and associated facilities. 

Tanks that may receive and store waste from either processing activities or other tanks are 
considered in-service tanks and those that cannot or will not receive waste are considered 
out-of-service tanks. The 28 double-shell underground waste storage tanks are all considered 
in-service tanks and those not on the Watch List may receive liquid waste from processing activities 
or other tanks. 
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Table 3.3 Process Design Criteria for the 241-AW Double-Shell Tank Fann 

Component or System Process Variable Process Design Criteria 

Primary tank, secondary liner, Minimum/maximum internal -6/60 
and reinforced concrete tank pressure (in. WG) 
(Process design criteria used 

Heat generation rate (Btu/h) 1 E+05 for all components in contact 
with waste unless otherwise Liquid specific gravity, 2.0 
noted) maximum 

Maximum liquid temperature 350 
(OF) 

Slurry piping Maximum slurry pressure 400/200 
(lb/in2 gauge), temperature (°F) 

Steam purge pressure (lb/in2 100, Sat. 
gauge) 

Fluid velocity (ft/s per 3-10 per 
gal/min) 32-100 

Insulation/heat trace 120-200 
temperature control range (°F) 

Supernatant piping Supemate pressure (lb/in2 275/200 
gauge), temperature (°F) 

Steam purge pressure (lb/in2 100, sat. 
gauge) 

Insulation/heat trace 120-200 
temperature control range, (0F) 

Ventilation exhaust Maximum radionuclide ERDA Ch. 0524 
releases 

Annulus ventilation system Flowrate (ft' /min) in Eject 1 E+05 BTU/h 
combination with primary vent 

3.3.3.2 Waste Transfer 

The objective of the waste transfer operations is to support the function of waste storage by 
safely moving liquid waste from one location to another by procedure using a pre-planned, 
pre-established route in response to processing requirements, changing tank storage needs, or a loss of 
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tank integrity. 

In general, the types of waste transfer operations include: Tank farm-to-tank farm waste 
transfers; DST to ·DST waste transfers within a tank farm; SST to DST transfers (i.e., SST interim 
stabiliz.ation activities); transfers between process facilities and DSTs; and others . The transfer 
activity addressed in this safety assessment will involve transfer to a DST from a truck-mounted 
transportation container. 

Prior to transferring waste, a number of activities are performed by Tank Farm operations. 
These activities include verifying that there is sufficient space available in the receiving tank, 
verifying the waste chemistry (via sampling and characteriz.ation) to be sure that the waste to be 
transferred is compatible with the receiving tank waste, performing criticality safety analyses to 
ensure that stored waste will remain in a sub-critical state, and verification of equipment operability. 
A waste stream compatibility assessment is conducted and waste stream profile sheets are prepared. 
In addition, a baseline material balance is developed for both the sending and receiving storage tanks 
prior to the transfer, which is periodically reviewed during the transfer to provide early leak detection 
and avoid filling tanks above safe limits. 

Following completion of the transfer all equipment associated with the transfer is de
energized, transfer lines are flushed, and a final material balance for both tanks is recorded. 

3.3.3.3 Waste Characterization 

Tank waste characteriz.ation is an integral part of the overall effort to control the hazards 
associated with radioactive waste stored in the underground tanks at the Hanford Site. 
Characterization of the wastes in the Hanford Site storage tanks is performed to assist in the 
understanding and resolution of safety issues; to allow for the continued safe storage and management 
of the wastes until retrieval operations begin; to support decisions on whether or not two or more 
waste streams may be commingled (i.e. , \yaste compatibility); and to support the development and 
selection of waste removal , treatment, and final disposal options . 

3.3.4 Safety Support Systems 

Safety support systems for the AW Tank Farm include the following : 

• Radiation protection. 
• Effluent monitoring. 
• Fire Protection. 

These systems are discussed in the following subsections. 

3.3.4.1 Radiation Protection 

In addition to inherent radiation protection features (i.e., buried tanks and piping, thick 
concrete walls, roofs , and ceilings), the radiation protection system is primarily comprised of portable 
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and fixed instruments. 

3.3.4.1.1 Portable Monitoring Systems 

Portable· radiation monitoring systems are used in the tank farms on an as-needed basis. 
Portable CAMs are generally placed inside of operating facilities for personnel safety. The radiation 
protection program for tank farms and the selection and use of portable instruments are discussed in 
the tank farm FSAR (under development) . 

3.3.4.1.2 Fixed Monitoring· Systems 

Fixed radiation monitoring systems within the AW Tank Farm facilities include radiation 
detectors and CAMs. These systems are described below: 

• Radiation detection probes are located in the dry wells adjacent to leak detection pits. The 
systems serve a dual purpose of indicating radiation levels as well as serving as a backup for 
liquid detection systems. 

• CAMs sample and monitor air for the presence of radionuclides in areas of potential airborne 
radioactivity. The CAMs are generally found in areas such as primary and secondary exhaust 
stack air outlets, annulus exhaust stack air outlets and in most instrument and process 
buildings. · 

All tank farm fixed radiation detection instruments are designed with a fail-safe mechanism so 
that any system failure will activate an alarm. 

3.3.4.2 Effluent Monitoring Systems 

There are two exhaust stack effluent monitoring programs within the AW Tank Farm. One 
program is associated with radionuclide sampling and monitoring and the other program is associated 
with sampling and monitoring of ammonia gas . The programs associated with sampling and 
monitoring hydrogen gas and other flammable species are directly related to the tank vapor space and 
have been addressed previously. The following subsection will discuss, generically, the radionuclide 
sampling and monitoring system. 

The radionuclide sampling systems consist of both record sampling and CAMs. The record 
sample portion of the sampling system is considered the regulatory portion of the system used to 
quantify and report the dose received by the public from operation of that particular emission point. 
The CAMs are considered safety devices and are set to alarm if emissions are detected above preset 
levels . The CAMs can also be used as backup regulatory devices . The difference between the CAMs 
and the record samplers is the fact that there is a detector above or near the collection filter in the 
CAM, while the record samplers only contain a collection filter. 

To ensure sample quality, a flow meter and regulator, totalizer, and vacuum pump are used to 
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control and measure the flow rate through the sampling system. The air coming from the stacks is 
first run through the record sample filter paper, then the flow meter and totalizer, and finally the 
vacuum pump which sucks the air through the system. The flow regulator adjusts automatically to 
maintain an established flow within the system. In addition, a flow switch is provided 1) to prevent 
damage to the sample collection filter paper, 2) to prevent nonrepresentative sampling due to 
anisokinetic sampling conditions, and 3) to indicate vacuum pump problems (e.g. no flow or failed 
condition). 

3.3.4.3 Fire Protection Systems 

Fire protection systems at tank farms include detection, alarm, and suppression elements. 
The fire protection systems are fully described and evaluated in the WHC-SD-WM-FHA-020 Tank 
Farms Fire Hazards Analysis (Barilo 1996). 

Fire protection features are described below. 

200 East and 200 West Area Water Supply 

All water for the 200 Areas is supplied by two separate systems, the Raw Water Supply 
(RWS) and the Sanitary Water Supply (SWS). These are shared systems, providing water for 
sanitary, process, and fire protection uses. The water systems for the tank farm areas are described 
in Section 3.3.5.1. 

Fire Suppression and Extinguishing Systems 

Fire suppression and extinguishing systems within the tank farm facilities are limited to wet 
and dry pipe sprinkler systems and a Halon total flooding system. The fire systems associated with 
the 241-AW tank farm are the smoke detectors installed in Building 241-AW-271. The detectors are 
manually controlled. In Building 241-AW-272, a wet-pipe fire suppression system is installed. The 
adequacy of these systems are discussed in WHC-SD-WM-FHA-020. 

Tank Farm Fire Detection System 

Where required, smoke, heat and manual fire detection is provided within tank farm facilities. 
The detectors alarm to the Hanford Fire Department (HFD) via Radio Frequency Alarm Reporters 
(RFAR). The RFAR, transmits a radio signal to the Hanford Site 200 Area East/West Fire Station. 
The signal may be a trouble alarm (i.e., problem with a system component), supervisory alarm (i.e., 
a monitored gate valve being closed), or a fire alarm. The HFD takes appropriate action upon 
receiving a signal. Installation and coverage of the fire alarms are based on NFPA 72. The location 
and installation of the detectors and alarms are assessed in WHC-SD-WM-FHA-020. 
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Fire Hydrants 

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

Fire Extinguishers 

Portable fire extinguishers are provided throughout the tank farms. Mobile equipment used in 
the area are also equipped with portable fire extinguishers. lnstall~tion of extinguishers, inspections, 
maintenance and employee training are in complianc~ with NFPA 10. 

3.3.S Utility Distribution Systems 

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

1. Water Supply Systems. 
2. Steam Supply Systems. 
3. Compressed Air Systems. 
4. Electrical Power Distribution System. 

3.3.5.1 Water Supply Systems 

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

Due to the lack of redundant water supplies in the 200 East Area, unapproved pumps and 
controllers, and verification that the water system can sustain earthquake damage, the water supplies 
do not meet the minimum requirements of National Fire Protection Association (NFPA), Factory 
Mutual (FM), DOE 5480. 7 and DOE 6430. lA. 

3.3.5 .2 Steam Supply Systems 

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

Normal and emergency backup pressurized-air supply systems are provided and maintained 
for the air spargers, jets, process flowmeters (instrument air), ventilation controllers, and air 
samplers . 

3.3.5.4 Electrical Power Distribution System 

The main source of power to the 200 Areas comes from the Bonneville Power Administration 
(BPA) via a major substation known as Midway located near Priest Rapids Dam. The BPA Midway 
substation has three 230-kV buses. Each BPA midway bus section is supplied by a line from the 
Priest Rapids generating station. The BPA Midway buses No. 1 and No. 3 are also supplied by lines 
which connect to the Grand Coulee 230-kV substation and to 230-kV substations in the lower 
Columbia River power system. The Grand Coulee and lower Columbia River substations are 
interconnected to the BPA 500-kV transmission system. The BPA 500-kV and 230-kV transmission 
systems interconnect to all of the Columbia and Snake River hydroelectric generating stations and 
northwest steam generating plants and are also interconnected to California and British Columbia 
power network systems. 

The Hanford Site 230-kV loop, in addition to supplying power to its facilities and other DOE 
substations, normally supplies power to Ashe and White Bluffs substations. In the event that both 
Midway power sources are lost, power will flow into the Hanford Site 230-kV loop from the Ashe 
line with sufficient power for normal operations. 

The flow of power from the Ashe line into the Hanford Site 230-kV loop is supplied from a 
115-kV line connected to the White Bluffs substation. One 115-kV line at the White Bluffs substation 
is connected to the BPA Franklin substation, and the other 115-kV line is connected to the BPA 
Benton switch. 

Power is fed by two lines to the A-8 Substation located near the intersection of the Yakima 
Barricade and 100 N highways (Route llA and Route 4 ·North, respectively). The 251-W Building 
adjacent to the A-8 Substation contains the necessary switchgear and control equipment. The 
A-8/251-W Substation reduces the power and distributes it through four lines each to the 200 East and 
200 West Areas. At this point the power is distributed to each individual tank farm via the 200 Areas 
power distribution system. 

3.3.6 Auxiliary Systems and Support Facilities 

Auxiliary systems and support facilities include administrative areas, control facilities, change 
houses, communication systems, lighting, and sewage treatment. Description of these facilities may 
be found in the TWRS BIO (LMHC 1997). 
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AW TANK FARM DESIGN CRITERIA 

Reprinted from WHS-SD-WM-SAR-016, Rev. 1 (WHC 1993) 

ARH-CD-362, Functional design Criteria, Additional High-Level Waste 
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(2) SD-RE-TI-008, Compliation of Basis Letter Referenced in 241-AN, AW, AY, 
AZ, and SY Process Specifications, T . J . Vanetz (January 27, 1982) 

Number of Tanks 

Liquid Storage Capacity, Each Tank 

Primary Tank Diameter 

Secondary Tank Diameter 

Earth Cover (Backfill) 

Live Loading on Backfill Over Tank 

Internal Vacuum 

Internal Pressure 

Waste Characteristics 
Temperature 
Heat Generation Rate 
pH 
Specific Gravity 

Seismic Acceleration 

Wind Loads 

6 

1E+06 gal. (Sp. Gr 2.0) per tank 
1.14E+06 gal. (Sp. Gr. 1.7) per tank 

75 ft 

80 ft 

6.5 ft 

40 lb/ft2 uniform plus 50 tons concentrated 

350°F, maximum2 

100,000 Btu/hr per tank maximum 
8 to 14 
2.0 maximum 

0.25g horizontal, 0.17g vertical 

Uniform Building Code Requirements 

2 The tanks were analyzed for structural effects of thermal cycling and liquid level cycling. 
Even though wastes may enter the tanks up to 350°F, their temperature will fall quickly to 
less than the maximum tank wall temperature of 200°F by heat conduction and dilution. 
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Stress Relief (Primary Tanlc) 

Design Life 

Tanlc Wall Temperature 

Primary Tanlc Construction Material 

Secondary Tanlc Construction Material 

Process Piping 

Annulus Ventilation System 

Primary Ventilation System 

Air-Lift Circulators 

Radiation Exposure 
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l,l00°F for 1 h 

50 yr based on 1 mil corrosion/yr 

200°F maximum 

ASTM A 537, Class 1 carbon steel 

ASTM A 537, carbon steel 
Reinforced concrete 
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American National Standards Institute B-31.1 
Criteria 
0.25 % slope minimum 
Pressure: 400 psi 
Encased 
Heat-traced 

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

l,000 cfm maximum 
Prefilter 
Double HEPA filtered 

. Stack monitor/sampler 
Redundant system 

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

Adequate shielding from cover blocks and 
earth cover 
1.0 mR/h 

May 30, 1997 
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Figure 3.1. Map of Hanford Site 
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Ground level 

Primary tank 
dome riser 
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Figure 3.8. Typical Central Pump/Distributor Pit 
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4.0 PRELIMINARY HAZARDS ANALYSIS 

This chapter presents the identification of hazards associated with transfer of K Basin sludge 
into DST 241-A W-105 and storage of sludge with the material currently within the tank. This was a 
two-step process, including an initial exercise to identify hazards and a second activity referred to as a 
Preliminary Hazards Analysis (PHA). The two activities are integral to each other; the hazards 
identified in the first step are used to guide and ensure the comprehensiveness of the PHA. The two 
activities are described in separate subsections. 

4.1 HAZARD IDENTIFICATION 

The first activity in the hazard identification process was to identify hazards associated with 
the K Basin sludge materials, particularly those that might be different from the hazards associated 
with A~-105 wastes. Table 4.1 shows a summary comparison of important physical and chemical 
characteristics of K Basin sludge and the waste currently in A W-105. This comparison demonstrates 
that some characteristics are similar, such as TRU content, absence of a separable organic layer, total 
organic carbon content, and viscosity, and thus commingling the sludge and A W-105 wastes should 
not present unique technical or safety issues. Other characteristics are different such that K Basin 
sludge represents some unique hazards and some hazards would be exacerbated by adding K Basin 
sludge to the AW-105 tank wastes. These hazards are described below: 

• Specific gravity (SpG): The SpG of K Basin sludge is estimated to range from about 1.5 to 
2.6, primarily related to the sample locations (e.g., floor sludge has lower SpG than canister 
sludge), which is higher than the SpG of A W-105 solids. The waste SpG is related to the 
potential to generate and trap gas in the storage tank. For K Basin sludge to be accepted into 
DST system, the SpG must be less than 1.3 or; if greater than 1.3, the SpG of the 
commingled waste must be demonstrated to be below 1.41. If the commingled waste SpG is 
greater than 1.41, an evaluation of flammable gas generation and retention potential must be 
performed. 

• Particle size: The average particle size of K Basin sludge will be larger than the A W-105 
solids particle size. In addition, K Basin sludge may contain particles with diameters as large 
as 0.25 in. This introduces a potential criticality issue caused by preferential settling of like
sized particles, a large fraction of which may contain uranium. There are currently no 
particle size limits or restrictions for acceptance in tank farms, other than those that may be 
imposed for criticality prevention. 

• Fissile content: Overall, the fissile content of K Basin sludge is greater than A W-105 wastes 
and represents a potential criticality concern. Currently, the permissible limit on fissile 
content for transferring waste into a DST is 0.013 g Pu-239/Pu-240 per liter and the total 
fissile content of AW-105 is currently limited to 25 kg Pu-239/Pu-240. The sludge contains a 
significant concentration of plutonium as well as fissile isotopes of uranium. 

• Uranium metal content: K Basin sludges contain a significant fraction of unreacted uranium 
metal. Unreacted uranium, particularly small particles, represent a potential pyrophoric 
chemical reaction hazard that could lead to a runaway chemical reaction. In addition, 
uranium metal corrosion (i.e., oxidation) generates hydrogen gas, leading to potential 
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Table 4.1. K Basin Sludge and AW-105 Waste Hazard Comparison Summary Table 

Property or As-settled K Existing A W-105 
Characteristic Basin Sludge Waste Relevant Hazard 

Specific gravity 1.5 to 2.3 (SpG at - 1.2 (SpG of Flammable gas, mixing/settling. 
(SpG) 30% solids, 70% settled solids). 

basin water). 

Particle size Contains "chunks" 8 µm average Criticality (e.g., preferential 
up to 0.25-in. particle size; most settling of like-sized particles) . 
diameter; average less than 20 µm . 
particle size 10 to 
30µm . 

Fissile content - 7 g Pu/L - 0.3 g Pu/L Sludge would be more reactive 
than AW-105 solids. 

Uranium metal Present~ Not present. Potential pyrophoric reaction 
content involving sludge. Hydrogen gas 

generated when U metal corrodes. 

Sand or SiO2 High. Low. SiO2 may affect heat transfer. 

Nitrate, nitrite NO3- , 0 - 3E-5M NQ3- - 0.27M Nitrate, nitrite concentrations 
concentration NO£, 0 - 4E-6M NO£ - 0.02M controlled to minimize corrosion. 

Solids temperature Not available. 63 F Steam, vapor generation. 

pH Less than 8. - 13.5 U, Pu precipitation (criticality); 
exothermic chemical reaction. 

Viscosity < 10 mPa s - 1 mPa s Transfer line plugging 

Polychlorinated Present. Not present. Programmatic; potential TSCA 
biphenyls compliance issue. 

Cs and Sr content Cs-137: -400 Cs-137 < 574 Allowable heat load on tanks; 
µCilmL; µCi/mL; dose rate emitted from transfer 
Sr-90: - 300 Sr-90 < 404 lines. 
µCi/mL. µCi/mL. 

Separable organic Not present. Not present. Exothermic chemical reaction; ion 
layer exchange/evaporator fouling. 

Total organic - 2E+03 µg/mL -4E+4 µg/mL Exothermic chemical reaction. 
carbon content (Avg.) 

Transuranic > 100 nCi/g > 100 nCi/g Both waste types to be designated 
content TRU waste. 

fSCA = . l OXIC SUl>Stances Control Act 
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flammable gas deflagration/explosion hazard. There are currently no specific uranium metal 
content limits for tank wastes . 

• Sand (SiOJ content: K Basin sludge will contain a significant amount of sand that could 
potentially affect the heat transfer properties of the commingled wastes. There are currently 
no sand or SiO2 content limits for tank wastes. 

• Nitrate/nitrite concentration: The nitrate and nitrite concentrations in K Basin sludge are 
well below the tank farm corrosion control specifications. This creates the potential for 
accelerating corrosion of the A W-105 tank liner, resulting in reduced lifetime and increased 
likelihood of tank leaks. It is likely that K Basin sludges will required sampling and 
adjustment to increase the nitrate/nitrite concentrations to meet the tank farm's corrosion 
control specification. 

• pH: The pH of K Basin sludge is approximately neutral whereas AW-105 wastes are highly 
alkaline, primarily to prevent Pu-239 and Pu-240 from becoming solubilized. Consequently, 
the pH of the K Basin sludges will have to be adjusted prior to its transfer into A W-105. 

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

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

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

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

The next step in the analysis was to identify hazards and hazardous conditions associated with 
transfer of sludge into the storage tank. This includes hazards associated with the sludge offload 
operations and equipment as well as hazards intrinsic to AW tank farm that could affect the offload 
operations or the operators conducting the transfers. This was accomplished using the Hazard 
Checklist presented in Table 2.1. The analysts reviewed each activity and each processing step for 
transferring material from a truck container into the tank for the hazards listed in the Hazard 
Checklist. Input to this process included the previous tank farms SARs, system description 
information from the tank farm FSAR now in preparation, functional design criteria for the shipping 
container, preliminary information from the designers of the Sludge Receiving Station, and tank farm 
drawings. Additional hazards information were obtained from a review of operational occurrences 
releated to waste transfers, documented in Appendix B, and from walk-down inspections of the AW 
tank farm conducted to support the TWRS BIO. 

The hazard checklists for the K Basin sludge offload operations are presented in Tables 4.2 to 
4.5. Table 4.2 addresses hazards during receipt and onsite transport of the sludge container within 
tank farms; Table 4.3 addresses connection of the container to the receiving station at tank farms, 
Table 4.4 addresses the sludge transfer into the tank, and Table 4.5 addresses storage operations. 

A fair amount of information was obtained from this exercise· and much of it was recorded in 
the "Example" sections of the checklists. The information recorded in the Examples section often 
included a brief description of potential accident scenarios that could readily be incorporated into the 
PHA. 

4.2 PRELIMINARY HAZARDS ANALYSIS 

A PHA was performed to develop a comprehensive list of potential accident scenarios that 
occur as a result of transferring K Basin sludge into a DST. The PHA was conducted in accordance 
with the methodology and format information discussed in Chapter 2. The PHA performed for this 
safety assessment is presented in Appendix C. 
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Table 4.2. Hai.ard Checklist for Sludge Container Receipt and Transport 

ACTIVITY: Receipt and Onsite Transport of Sludge Container to Receiving Station 

Hazard Example(s) 

Hazards Identified During Activity 

Acceleration/ Load dislodged from truck due to truck striking object, truck rollover (loss 
deceleration of vehicle control, liquid sloshing, operator error, etc.) 

Contamination Receipt of externally-contaminated container. 
Tank farm chemical inventories may affect the truck/container and 
ancillaries. 
Operators exposed to tank farm surface contamination. 

Chemical reaction Diesel fuel, hydraulic fluid, compressor. lube oil, vehicle lube oil, tank 
farm chemicals. 

Corrosion Container corrosion (internal) by sludge if not unloaded quickly . 

Electrical Power lines, transformers, electrical outlets in tank farm. 
Mixer pump in container. 
Air compressor ( electric-driven?) 
Instrumentation/control system. 

Explosion Diesel fuel, lube oil. 
Welding operations and equipment in tank farm. 
Hydrogen, flammable gas generation in container. 

Fire Diesel fuel, lube oil. 
Welding operations and equipment in tank farm. 
Hydrogen, flammable gas generation in container. 
Hot brakes could start grass fires. 
Pyrophoric material (U metal) in transport container. 
Engine fires. 

Heat and High Solar heating of container causes overpressure or deforms/distorts seals. 
Temperature Welding equipment/materials. 

Lead slump (shielding material). 

Low Temperature Liquid freezes, expands, cracks container. 
Cold embrittles gaskets. 
Materials susceptible to brittle fracture. 

Temperature change Thermal stress (day/night temperature change) deforms seals, fatigues 
structural members, differential thermal expansion. 
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Hazard Example(s) 

Impact and Shock Truck strikes object (pump pit, diversion box, riser, vent system 
equipment, etc.). 
Truck struck by missile (tornado/wind driven, explosion driven). 
Aircraft impact. 
Impact of radiation-embrittled container. 
Mishandled truck drives over/parks on tank (dome load). 

Leakage/spills Mishandling or loading error results in improper seal ( overtorque, 
(gas, vapor, liquid) undertorque, failure to install seals). 

Failure to close container valves, valve failure. 
Vapor leak through improperly installed HEPAs on the container. 

Power source/utility Address during hookup. No external power sources needed during receipt 
services failure and in-farm transport . 

Pressure - High Overpressure from chemical reaction, slQshing, hot spot, gas generation. 
Air compressor on truck. 
Shipping container HEPA filter plugged. 

Radiation - Ionizing Excessive surface dose rate. 
External contamination. 
Inhalation of vapors, gases released through openings. 
Settled sludge increases dose rates. 
Tank farm (land) surface contamination. 
Criticality event in Sludge Transportation System. 

Structural Container failure. 
damage/failure Trailer/tie-down failure causes container to fall to ground, break open. 

See also "Impact and Shock." 

Toxicity Materials in sludge. 
Chemicals in pump, compressor. 

Vibration and noise Road vibration during transport loosens seals, valve, tie-down. 
Vibration could increase volatilization of sludge material. 
Activities nearby that vibrate the ground. 

Weather and Inclement weather (ice, snow) 
environment Lightning strike 

Seismic event 
Flood 
High wind and tornado 
Snowfall 
Ashfall 
Heavy rain, hail 
Brush fire 
Aircraft impact. 
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Hazard I Example(s) 

Hazards NOT Identified During Activity 

Moisture - High Humidity Moisture - Low Humidity 
Pressure - Low Radiation - Infrared 
Radiation - Non-ionizing Radiation - Ultraviolet 
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Table 4.3. Hazard Checklist for Connection to Sludge Receiving Station 

ACTIVITY: Connect Sludge Container to Receiving Station 

Huard Example(s) 

1187.ards Identified During Activity 

Acceleration/ Trailer slips during hookup and breaks connection, ruptures valve or line. 
deceleration See also "receipt" activity. 

Contamination Residual material in valves, lines . . 
Sand in pump oil, compressor oil. 
See also "receipt" activity. 

Chemical reaction Residuals in line, valves, covers. 
Air/oxygen contacts sludge (vapor passes through HEPA filtered vents or 
through opened valve). 
See also "receipt" activity. 

Corrosion Transfer system components exposed to high pH and chemical corrosives. 
Galvanic corrosion (dissimilar metal-to-metal contact such as line to truck, 
line to unloading station). 
See also "receipt" activity. 

Electrical Loss of lighting leads to improper connection. 
Loss of AC power leads to mixer failure, pump failure. 
See also "receipt" activity. 

Explosion Fuel, oil in truck and transfer equipment (pump, air compressor). 
Hydrogen, methane gas generated inside container. 
Welding in tank farms. 
See also "receipt" activity. 

Fire Pyrophoric material fire. 
Spark source for hydrogen gas generated in tank. 
See also "receipt" activity. 

Heat and High Same as for "receipt" activity. 
Temperature 

Low Temperature Freezing (plugs lines, valves). 

Temperature change Same as for "receipt" activity. 

Impact and Shock Vehicle struck by another (breaks connections). 
See also "receipt" activity. 

Leakage, Spills Same as for "receipt" activity. 
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Hazard Example(s) 

Power source/utility See also "receipt" activity. 
services failure 

Pressure - High Same as for "receipt" activity. 

Radiation - Ionizing Same as for "receipt" activity. 

Structural Same as for "receipt" activity. 
damage/failure 

Toxicity Same as for "receipt" activity. 

Vibration and noise Same as for "receipt" activity. 

Weather and Same as for "receipt" activity. Events could cause connection to be 
environment broken, line rupture, spray leak. 

1187.ards NOT Identified During Activity 

Moisture - High Humidity Moisture - Low Humidity 
Pressure - Low Radiation - Infrared 
Radiation - Non-ionizing Radiation - Ultraviolet . 
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Table 4.4. Hazard Checklist for Offload Operations 

ACTMTY: Transferring Container Contents to Tank 

Hazard Example(s) 

1187.anh Identified During Activity 

Acceleration/ Trailer slips during pumping and breaks connection, ruptures valve or 
deceleration line. 

See also "receipt" activity. 

Contamination Transfer line rupture, leak. 
See also "receipt" activity. 

Chemical reaction Chemical reaction occurs between sludge and tank contents ( chemical 
incompatibility); increases temperature and pressure in tank. 
Residuals in lines, valves, etc., react and produce heat and pressure. 
Mistransfers. 
See also "receipt" activity. 

Corrosion Sludge enhances corrosion of transfer line. 
See also "receipt" activity. 

Electrical Electric-driven pump, control systems. 
See also "receipt" activity. 

Explosion Chemical incompatibilities (sl1:1dge, tank contents). 
Mistransfers. 
Flammable gas generation. 
See also "receipt" activity. 

Fire AW-101 is nearby flammable gas tank; connected on common header to 
AW-105. 
Mistransfers. 
Pyrophoric chemical reaction (U metal). 
See also "receipt" activity. 

Heat and High Solar radiation embrittles lines, overheats shipping container. 
Temperature 

Low Temperature Freezing conditions could freeze (plug) lines, valves, etc. 

Temperature change Same as for "receipt" activity. 

Impact and Shock Fatigue failure of _transfer line, connections. 
Trailer struck by moving vehicle. 

Leakage Transfer line rupture. 
Valve rupture. 
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Huard Example(s) 

Power source/utility Instrument failure (tank level, shipping container level, pump flow, etc.) 
services failure Loss of lighting. 

Loss of mixing in shipping container. 
Failure of sludge distribution system in tank. 

Pressure - High Pump pressure (normal). 
Pump dead-heads against closed/plugged valve. 
Chemical incompatibility causes tank to pressurize. 

Pressure - Low Rapid overcooling of tank vapor. 

Radiation - Ionizing Exposures to leakage through connectors, ruptured lines and valves. 
Radiation embrittlement of receiving station components. 
Sludge with excessive dose rate (e.g., fuel "fleas"). 
See also "receipt" activity. 

Structural Same as for "receipt" activity. 
damage/failure 

Toxicity Same as for "receipt" activity. 

Vibration and noise Same as for "receipt" activity. _ 

Weather· and Same as for "receipt" activity. 
environment 

1187.arm NOT Identified.During Activity 

Moisture - High Humidity Moisture - Low Humidity 
Radiation - Infrared Radiation - Non-ionizing 
Radiation - Ultraviolet 
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Table 4.5. Hazard Checklist for Storage of K Basin Sludge in a DST 

ACTMTY: Storage 

Hazard Example(s) 

H87.ards Identified During Activity 

Acceleration/ Fluid (sludge or supernate) splashes. 
deceleration Damage to or pipe dislodges from sludge distributor. 

Waste additions causes gas release by disturbing sludge layer in tank (gas 
pocket); high rad, chemical reaction. 

Contamination Inadequate flush of container; residual contamination in container. 
Same as hazards during "receipt" activity. 

Chemical reaction Incompatible waste. 
Mistransfer (wrong receiver tank) . 
Pyrophoric .reaction. 
Transfer waste not in compliance with acceptance specifications ( chemical 
reaction, fire , explosion). 
Inadequate flush of container leads to mixing incompatible chemicals. 

Corrosion Sludge accelerates corrosion of tank liner, tank internal equipment. 

Electrical Spark source. 
HV AC system. 
Communications system. 
Instrumentation, controls, alarms. 
Lighting system. 

Explosion Incompatible waste. 
Hydrogen gas exhausted from tank (continuous and episodic). 
Pyrophoric, organic materials in sludge. 
AW-101 is flammable gas tank. 

Fire Electrical instrumentation in tanks are spark source; could ignite 
flammable vapors. 
Sludge dries out in tank (leads to U metal reaction). 
Welding in vicinity of tank. 
External fire ignites flammable gas. 
Pyrophoric and organic material in sludge. 

Heat and High Sludge is heat source. 
Temperature Tank bump. 

Differential thermal expansion (basin sludge strikes tank surfaces). 
Incompatible sludge temp. causes chemical reaction. 
Hot spots in sludge. 

Low Temperature Relatively cold sludge . strikes warmer tank sludge; increases vaporization. 

K Basin Sludge Safety Assessment 4.12 May 30, 1997 



Rev. B 

Hazard Example(s) 

Temperature change Same as haz.ards during "receipt" activity. 

Impact and Shock Foreign object in Basin sludge strikes tank wall or internal equipment. 

Leakage Tank failure causes leakage to soil. 
Aerosol leakage (failed HEPAs, failed/leaking HV AC duct or other 
barrier) 

Moisture - High Increasing water content of tank affects vaporization rate, tank pressure. 
humidity Contributes to instrument failure. 

Enhanced corrosion. 

Power source/utility Loss of HV AC, instrumentation, controls, alanns. 
services failure See also "electrical" 

Pressure - High Basin sludge/tank sludge temperature differences; flashes to steam. 
Gas/air pockets in sludge released. 
Chemical reaction (incompatibility). 
Pump increases tank pressure. 

Pressure - Low HV AC inlets to tank plug, exhaust fans continue running. 
Rapid overcooling of tank vapor. 

Radiation - Ionizing Sludge in tank. 
Vapors in HV AC system. 
External exposure rates. 
Criticality event in storage tank. 
Radiation embrittlement. 

Structural Hazards to tank structures include overpressurization, chemical 
damage/failure reaction/corrosion, tank bump, criticality, etc. Tank structure failure. 

HV AC component failure. 

Toxicity Toxic materials in sludge, vapors. 

Vibration and noise Nearby workers operating heavy equipment, machinery. 

Weather and Same as haz.ards identified in "receipt" activity. 
environment 

Hazards NOT Identified During Activity 

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

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

5.1 PRELIMINARY ASSESSMENT OF EXTRINSIC HAZARDS 

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

5.1.1 Aircraft Impact from Richland Airport 

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

The probabilities for aircraft crashes near airfields (see Table 5.1) were extrapolated to airport 
distances out to 32 km (20 mi.) from the AW farm. Based on this extrapolation, the general aviation 
crash probability at 20 miles from the airport runway was estimated to be less than lE-09 fatal 
crashes per square mile per aircraft movement. Similarly, the commercial aircraft crash probability 
was estimated to be less than 5E-10 fatal crashes per square mile per aircraft movement. The larger 
value w~ also used as a conservative approximation of U.S. Air Force aircraft crash probabilities at 
20 mi. from an airport. 

Based on a value of 1E-09/mi2 per aircraft movement for general aviation aircraft and an 
overall target area of 1.2E+05 ft2 (4.3E-03 mi2

), representing the entire area of the AW farm to 
account for skid area around tank A W-105 and potential damage to the HV AC system, · the frequency 
(F) of aircraft associated with the Richland airport crashing into the AW tank farm is estimated to be 

F 1E-09/mi2 x 4.3E-03 mi2 x 3.6E+04 takeoffs/landings/yr 
1.5E-07/yr 
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Table 5.1. Probability of an Aircraft Crash (NRC 1981) 

Fatal Crash Probability (x lE-08) per 
Distance from End of Runway 2.56 km2 (1 mi2

) per Aircraft Movement 

km mi U.S. Air Carrier General Aviation U.S. Air Force 

0.0 - 1.6 0-1 16.7 84 5.7 
1.6 - 3.2 1 - 2 4.0 15 2.3 
3.2 - 4.8 2-3 0.96 6.2 1.1 
4.8 - 6.4 3-4 0.68 3.8 0.42 · 
6.4 - 8.0 4-5 0.27 1.2 0.40 
8.0 - 9.6 5-6 0.0 NA<•> NA 

9.6 - 11.2 6-7 0.0 NA NA 
11.2 - 12.8 7-8 0.0 NA NA 
12.8 - 14.4 8-9 0.14 NA NA 
14.4 - 16.0 9 - 10 0.12 NA NA 

(a) NA = Infonnation not available for this distance. 

5.1.2 Aircraft Impact from Tri-Cities Airport 

The Tri-Cities Airport at Pasco, Washington, is the main airport in the area for commercial 
air carriers. It is operated under the direction of the Port of Pasco and is approximately 48 km (30 
mi) to the southeast of the AW tank farm. Activities include commercial air carrier (2610 takeoffs 
and landings), air taxi (33,115), recreational (51,125), and military (1214), for a total of 88,064 take
offs and landings during calendar year 1989. Of these, the commercial and military air carriers 
(3824) were larger aircraft while the remainder, in general, weighed less than 5620 kg (12,500 lb). 

Based on the probabilities of aircraft accidents involving various types of aircraft presented in 
Section 5.1.1, an overall target area of 4.3E-03 mi2, and the airport activities listed above, the 
frequency of aircraft from the Tri-Cities Airport hitting the AW tank farm is: 

F = 4.3E-03 mi2 [(1E-09)(8.4E+04) + (SE-10)(2610) + (lE-09)(1214)] 
= 3. 7E-07 per year 

The aircraft crash probabilities are conservative approximations as they were based on airport 
distances of 20 mi., not the 30 mi. actual distance to the Tri..Cities Airport. 

The total aircraft haz.ard frequency is the sum of the frequencies of the aircraft crashes 
associated with the Richland and Tri-Cities airports. The total haz.ard frequency is therefore 5.2E-07 
aircraft crashes per year. Therefore, aircraft accident frequencies are considered to be beyond 
extremely unlikely and will not be analyzed in detail. Furthermore, should an aircraft crash into the 
AW tank farm, only large aircraft possess enough mass and a large enough fuel loading to cause 
significant damage to a tank structure. The probability of such a crash is only a small fraction of the 
total aircraft haz.ard probability calculated above because only a small fraction of the aircraft takeoffs 
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and landings involve heavy aircraft. Small aircraft, which are by far the most prevalent, were not 
considered a threat to tank structures. However, they may damage the ventilation system and thus 
contribute to the frequencies of ventilation system failures and upset conditions. 

S.2 PRELIMINARY ASSESSMENT OF NATURAL PHENOMENA HAZARDS 

The natural phenomena identified as having potentially significant impacts include 1) flood, 
2) structural damage from high winds, 3) earthquake, 4) volcanic activity, 5) tornadoes, and 6) 
lightning. The preliminary assessments in the following section are intended to determine which 
natural phenomena hazards the tank farms are most vulnerable to and which are most likely to result 
in a significant release. Care is also taken to ensure that natural phenomena hazards are considered as 
potential · initiating events that could lead to releases from the tank or receiving station equipment as 
well as contributors to other initiating events (such as lightning strikes contributing to flammable gas 
explosions or fires). 

S.2.1 Flood 

Aood conditions have been previously examined for the Hanford Sites 200 Areas in reference 
to the construction of many facilities, including tank farms, fuel processing facilities, and the 
proposed geologic repository for the permanent disposal of commercial spent nuclear fuel and high
level radioactive waste. 

The largest recorded flood on the Columbia River in recent history occurred on June 7, 1894. 
The recorded discharge was 21,200 m3/s (750,000 ft'/s). The more recent-flood of 1948 had a peak 
flow rate at the Hanford Site of 19,500 m3/s (690,000 ft3/s). The 1894 flood is considered to be an 
unregulated flood, whereas the 1948 flood was considered to be partially controlled as a result of the 
construction of Grand Coulee dam in 1942. Although the primary purpose for the dams above the 
Hanford Site is for generating hydroelectric power, these dams can reduce major flood flows at the 
site by between 19% and 43%. 

The largest flood recorded on the Yakima River in recent history was on December 23, 1933, 
when the peak discharge approximated 1,900 m3/s (67,000 ft3/s). This river is generally unregulated, 
and a flood of this magnitude can be expected every 170 yr (WPPSS 1981). Although it is possible 
that a flood of this magnitude would impact the southern end of the Hanford Site, the facilities on the 
site, particularly the 200 Area, would not be affected. 

The Cold Creek watershed, which includes Dry Creek, is ephemeral and discontinuous. The 
only flow in this creek and its tributary is from precipitation events. Water in these creek beds 
infiltrates the sediment layer quickly. The probable maximum flood is estimated to reach the 
southwestern portion of the 200 West Area but not the 200 East Area. Although portions of the AW 
tank farm reside in the vicinity of the drainage basin boundary, no flooding is anticipated from this 
scenario. 

Results of analyses that investigate maximum Columbia River, Yakima River, and Cold Creek 
Drainage floods of historical record as well as probable maximum floods in these waterways, show no 
evidence of flooding on the 200 Area plateau. One additional analysis investigates an instantaneous, 
catastrophic destruction of 25% to 50% of the center section of Grand Coulee Dam. This destruction 
scenario for Grand Coulee Dam is from a hypothetical nuclear attack and is not projected to occur 
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from any known natural event. It would result in a brief duration maximum flow of 227,000 m3/s 
(8,000,000 ft3/s) and flood elevations of 143 to 148 m (469 to 486 ft) in the 100 Areas. The 100 and 
300 Areas as well as downstream cities along the Columbia River would be flooded. However, the 
200 Area plateau would not be affected. 

Major drainage areas affecting the AW tank farm in the 200 East Area are associated with the 
Cold Creek Drainage and Dry Creek tributary. These are ephemeral creeks and the AW tank farm 
approaches only the edge of the defined drainage, which is located above the probable maximum 
flood profile. Therefore, based on the location of the AW tank farm ( on the 200 Area plateau) and 
its location away from major drainage areas, floods from external causes are considered to be 
incredible and were not addressed further. Internally-initiated floods will still be addressed. 

5.2.2 Wind 

The design basis wind for Performance Category 3, new high-hazard, non-reactor nuclear 
facilities in the 200 Area has a fastest-mile wind speed of 130 km/hr (80 mph). For existing 
facilities, the fastest-mile wind speed is 113 km/hr (70 mph). This windstorm has an annual 
frequency of 2E-04/yr, or 1 in 5000 years. For new and existing Performance Category 2 non
nuclear non-reactor facilities, the design basis fastest-mile speeds are 113 km/hr (70 mph) and 97 
km/hr (60 mph), respectively. This windstorm has an annual frequency of lE-03/yr or one in 1000 
years. This places these events into the Unlikely frequency category. Preliminary analyses of the 
effects of the design basis wind loading indicate that the tank farm structures can withstand both 
windblown missiles (required for PC-3 facilities onlyf and the pressures imposed on the upwind side. 
The tank liners and dome, because they are covered with a layer of overburden, are not vulnerable to 
either wind-driven missiles or air pressure impingement. 

The tank containment boundaries, because of their structural strength and protection provided 
by the overburden, are not expected to suffer significant damage from high wind events. Flying 
debris would also be unable to damage the below-grade containment structures. Other breaches of the 
containment boundaries might result from windblown missiles penetrating exterior aboveground 
structures, such as ventilation system components. However, these components are protected by steel 
building structures around them and only extremely severe wind events would have the capability to 
project a missile through the building and damage a vital component. 

The sludge container will provide protection from wind-driven missiles and air impingement 
due to its design requirements to meet onsite packaging requirements for Type B highway-route
controlled quantities of radioactive material. Packaging standards define a series of accident 
conditions which the Sludge Transportation System must be capable of withstanding without 
appreciable releases. The accident conditions include impact, puncture, fire, and crush. The forces 
on the sludge transport container that might be applied by wind and missile loadings were estimated to 
be less severe than the onsite packaging design criteria and thus the consequences of applying design
basis wind and missile loadings to the sludge container would not cause a release. 

The Sludge Receiving Station at A W-105 is more vulnerable to wind and missile loadings than 
the Sludge Transportation System because certain components, such as the flexible hose that connects 
the container to the receiving station, were estimated not to be capable of withstanding missile 
impacts. However, the frequency of such an accident would require the simultaneous occurrence of a 
severe windstorm and the transfer operation and thus the frequency would be only a small fraction of 
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the severe windstorm probability. Furthermore, offloading operations during a severe windstorm are 
most likely to be precluded by tank farm operating procedures. This means that operators would 
have to violate a procedure and conduct a transfer during a severe windstorm, leading to an even 
smaller frequency. For these reasons, the estimated frequency of a breached receiving station caused 
by severe wind or missile damage was considered to be below extremely unlikely and will not be 
evaluated further. 

5.2.3 Earthquake 

Kennedy et al. (1990) recommends design-basis seismic events for high-hazard facilities be 
based on an annual exceedence probability of 2E-04/yr and for PC-2 non-reactor nuclear facilities, the 
recommended recurrence frequency is lE-03/yr. Seismic hazard curves for the Hanford Site (Coats 
and Murray 1984 and Tallman 1989) show the relationship between the recurrence frequency and the 
peak horizontal ground acceleration expected at that frequency. For the 200 East Area, the design
basis peak horizontal ground acceleration for a PC-3 non-reactor nuclear facility is 0.26 g (new 
facility) and 0.19 g (existing facility) and for a PC-2 non-reactor nuclear facility would be 0.20 g 
(new) and 0.13 g (existing). 

Damage estimate for these events are difficult to predict with accuracy so a qualitative . 
discussion of potential damage at the two ground acceleration levels was developed. If merited, more 
detailed, quantitative damage estimates will be developed in subsequent stages of this project. 

Damage to tank structures is not expected for 0 .12 g and 0.2 g ground acceleration levels. 
According to the Double-Shell Tank Farm Safety Analysis Report, WHC-SD-WM-SAR-016, the tanks 
are designed to withstand up to 0.25 g horizontal ground acceleration, which exceeds both the PC-3 
and PC-2 facility seismic requirements for existing facilities. Therefore, it is extremely unlikely that 
a seismic event could result in a large release of solids from the tank. 

Damage to tank support systems, such as ventilation systems, may occur at less severe seismic 
intensities than 0.25 g. The precise seismic intensity at which damage is expected to occur is not well 
known so it was assumed here that a breach in the ventilation system could occur at 0.12 g horizontal 
acceleration. Such an event was assigned as unlikely frequency as the exceedence frequency was 
shown above to be lE-03/yr (but assumed to be below lE-02/yr) for this magnitude of earthquake. 
Therefore, seismic events will be retained as potential contributors to HV AC system failures . 

A seismic event could also lead to loss of electric power to the tank farm. Loss of electric 
power was explicitly considered in the PHA and seismic events will be considered as contributors to 
the frequency of loss of electric power. 

A seismic event that occurs simultaneously with a sludge transfer in progress places the 
shipping container and Receiving Station at risk. Damage to the shipping container could be caused 
by the container falling to the ground or by objects falling on the container. Due to the impact and 
structural resistance designed into the container, such events would not threaten its integrity. 
However, portions of the transportation system and Receiving Station, particularly the flexible hose 
and connections, would be vulnerable to horizontal loads. For example, a seismic event could shake 
the trailer sufficiently to . break a connection or could cause the trailer to move and rupture the flexible 
pipe. Both scenarios would lead to a spray release or leak from the ruptured component. This could 
occur at the PC-2 facility seismic loading conditions (0.20 g) and so could be assigned to the unlikely 
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frequency category. However, the scenarios require the receiving operation and seismic event to 
occur simultaneously and so the frequency would be lower than the lE-03/yr exceedence frequency 
used to select the 0.20 g loading. In any event, seismic events will be considered further as potential 
causes of breaks or. ruptures in the transportation system and receiving station. 

5.2.4 Volcanic Activity 

Important ashfalls are the eruptions 12,000 years before present of Glacier Peale, Washington; 
the eruption 3600 years before present of Mt. St. Helens; and the eruption 6000 years before present 
of Mt. Mazama. The most recent Mt. St. Helens' ashfall of May 18, 1980, resulted in the ejection of 
approximately 0.8 km3 (0.2 mi3

) of ash from a crater volume of 2.5 km3 (0.6 mi3) . The remaining 
1.6 km3 (0.4 mi3

) of material was contained in the avalanche debris, mud flows, and proximal blast 
deposits. Table 5.2 indicates the estimated depth of ash deposited at the Hanford Site from these 
eruptions. The depths of ash were determined by different geological studies made during 
excavations in the Hanford area. 

Volcanic ashfall could have two principal effects: increased structural loading of components 
or increased plugging potential of the HEPA filters. Plugging of the final HEPA filters would be 
prevented, or at least minimized, by the continuous airflow through the filter housing and out the 
stack. This would prevent the ash from building up and blocking the airflow. Plugging of the final 
filter would stop ventilation system airflow, resulting in loss of air balance and potential blowback 
through the inlet supply system. Plugging of the ventilation supply system would als.o result in 
interruption of the air balance and could also create low-pressure conditions in the tank vapor space, 
and increase airborne releases, if the exhaust fans continue running. If this pressure reduction 
continues for a long period of time, it could contribute to dome failure. However, a long period of 
undetected low pressure would need to occur, which is· considered incredible given the diversity and 
reliability of the tank pressure monitoring instrumentation. Therefore, no credible mechanisms 
involving volcanic ashfall were identified in which significant quantities of supernate or sludge 
material could be released from the tank. Therefore, the consequences would most likely be small. 

Since the major eruption of Mt. St. Helens on May 18, 1980, five more eruptions have been 
of sufficient size to distribute ash at significant distances downwind. The largest eruption (May 18, 
1980) is the only one to have deposited ash at the Hanford Site. The Hanford Site in this case was on 
the edge of the main ash plume. If the ash cloud had been centered within the Hanford Site, the ash 
thickness would have been on the order of 2 .5 to 5 .1 cm (1 to 2 in.). 

If the ashfall were severe enough at the tank farms to plug the intake filters, normal opera
tions would be curtailed and the facility would be evacuated. A crew to oversee facility status might 
be left within if deemed necessary (i.e., for filter change out and unloading ash from the roof areas). 
An attempt would be made to change intake filters and continue to operate the intake fans, but, if this 
became infeasible, the backflow damper on the intake side would be closed. With the exhaust fans 
still running, this would result in an air imbalance within the tank but would maintain the tank at 
negative pressure with respect to atmospheric pressure. For this condition, no radioactivity would be 
released to the environment unless the pressure drop in the tank were severe enough to cause a dome 
failure event. This potential cause of dome failure was considered to be less than extremely unlikely 
because the pressure would not change rapidly (due to less-than-perfect penetration seals), filter 
plugging would most likely not occur instantaneously, and the pressure would tend to equalize itself 
over time after the fans are stopped. In addition, tank pressure is continuously monitored to ensure 
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Table 5.2. Estimated Ash Depth at the Hanford Site from Major Eruptions 

Ash Fall Volume Depth of Ash 
Volcano Tune at Hanford, 

Icml • 3 
IDl. cm (in.) 

Glacier Peale 12,000 Bp<a> 4 . 1 2.5 (> 1.0), 
compacted 

Mt. Mazama 6,000 BP · 62 15 10.2 to 15:2 (4 to 
(Crater Lake) 6), compacted 

Mt. St. Helens 3,600 BP 4 1 2.5 (1.0) , 
compacted 

Mt. St. Helens 1980 0.8 0.2 1. 73 (0. 7), settled 

(a) BP = Before present 

the appropriate air balances are maintained so operators would most likely have information available 
to appropriately deal with this situation. 

The roof loading for maximum ash for PC-3 (wet compacted) is 7.4 g/cm2 (15 .0 psf), which 
is within the roof loading design criteria of the UBC. Therefore, it was judged that the possibility 
that either damage to the facility or loss of confinement would occur is below extremely unlikely and 
these scenarios will not be evaluated further . 

5.2.S Tornadoes 

Tornadoes are rare at Hanford, tending to be small with only minor damage potential. Only 
24 tornadoes have been reported within 160 km (100 mi) of Hanford since 1916 (DOE 1987). The 
DOE (1987) estimates an annual probability of ~ 3E-06 for extreme winds approaching 160 km/h 
(100 mi/h) associated with a tornado. Therefore, there are no requirements to address tornados or 
tornado generated missiles. (DOE-STD-1020-94) . Hanford Site design basis tornado for Nonreactor 
Safety Class 1 facilities consists of a maximum horizontal wind speed of160 km/h (100 mi/h), 
pressure drop of 960 nt/m2 (20 lb/ft2), and rate of pressure change of 340 nt/m2-s (7 lb/ft2-s) (KEH 
1989). 

The effects of tornado loadings on the tank farms would include erosion, missile generation, 
and the large atmospheric pressure change. Erosion of the soil overburden on the tanks would occur 
with tornado passage. The effects could include increased exposure rates from buried transfer lines 
and HV AC components, and the tanks themselves. However, the effects would be easily-detected as 
a result of damage assessments performed following tornado passage. If undetected during the 
damage assessment, routine monitoring/surveillance activities or pre-transfer radiation monitoring 
would detect increased radiation levels and halt operations. In any event, the effects would be small 
increases in occupational exposures and insignificant effects to offsite receptors. 
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Tornadoes produce missiles that could damage tank farm components. The most imponant 
components, from a radioactive material containment perspective, would be the tank liners. Since 
these are buried beneath a soil overburden layer, they would not be vulnerable to tornado-borne 
missiles. However, components on the surface, including portions of the ventilation system would be 
vulnerable to missile damage. Damage to ventilation system components could open a release 
pathway to the environment. However, the release would consist primarily of vapors and gases 
released from the tank headspace which contain less radioactive material than the sludge and supernate 
layers in the tanks which would be undisturbed by failure of the ventilation system. Therefore, the 
consequences would be limited to minor exposures to workers and onsite personnel and insignificant 
exposures offsite. 

Damage to the shipping container and receiving station due to tornado-driven missiles would 
be much the same as from wind-driven missiles discussed in Section 5.2.2. 

The third potential effect of tornadoes would be the large pressure change associated with the 
passing storm. This pressure change could cause failure of the HEPA filters in the AW ventilation 
system and subsequent unfiltered release of radioactive materials from the tank. The consequences 
were estimated to be relatively high for onsite personnel and could also have a significant effect on 
offsite receptors due to the possibility that entrained particles could be released from the damaged 
filter media. This event will be considered further in the analysis, at minimum, as a potential 
initiating event for HEPA filter failures in the AW farm ventilation system. 

5.2.6 Lightning 

Lightning strikes are considered as potential spark sources for flammable materials in the 
tanks, which could lead to fires and explosions involving tank contents. No other credible damage 
mechanisms have been postulated, including the potential to breach containment barriers. 

Lightning poses a potential threat to the wastes as it introduces an opportunity to apply a large 
electrical current directly to potentially chemically-reactive waste materials or a spark to flammable 
atmospheres. It was assumed that lightning must strike a riser or directly enter the riser in order for 
the electrical energy to be applied to the waste in the tank. Strikes in other areas above the tanks 
would not affect the wastes for several reasons, as described below: 

• A lightning strike to the ground surface could potentially penetrate the soil overburden above 
the tank. However, the soil provides substantial protection against lightning strikes. 

• The concrete and reinforced steel protects the tank internals against lightning through a skin 
effect that directs the current around the structure, representing a partial "Faraday Cage" . 

Recent research sponsored by DOE on mitigation of natural phenomena hazards has led to a 
better focus of the issues surrounding lightning at the tank farms (Zach 1996). For a deflagration or 
fire to occur as a result of lightning, all of the following must be satisfied: 

(1) Lightning must strike a tank riser, appurtenance, or the ground in the immediate vicinity of a . 
tank, 
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At the time of the strike, the tank must contain a flammable gas above the Lower 
Flammability Limit (LFL) or organic materials in sufficient concentration to support 
combustion, 
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The discharge must pass from the riser or appurtenance into the tank via conduction paths 
such as instrumentation lines or other equipment connected to the tank riser, 

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

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

A number of studies have been performed to assess the likelihood of lightning striking the 
ground or facilities at the Hanford site. Calculated values based on world-wide lightning strike 
distributions as a function of latitude appear to overpredict the rate of lightning strikes for the 
Hanford site. Depending on the method, calculations predict as many as 3.8 strikes/year/km2 to as 
few as 0.3 strikes/year/km2 at the Hanford site. These calculated values are much greater than the 
frequency observed by the National Lightning Detection Network and the Bureau of Land 
Management in the region around the tank farms for the 10 years ending in January 1996. After 
accounting for detection frequency and uncertainties, the observed rate was determined to be 0 .06 
strikes/yr/km2 (Zach 1996). This value is consistent w·ith, but slightly higher, than the lightning 
strike frequency calculated by the National Lightning Safety Institute (NLSI 1996) for the Hanford 
Site, and more specifically, for the 200 East and 200 West Areas. 

Using the observed 0.06 strikes/yr/km2 as a best estimate of lightning strike frequency, and 
considering the cross-sectional area of a large DST to be bounded by 410 m2 (4. lE-04 km2; based on 
tank diameter of 22.9 m), the likelihood of a direct strike over a particular tank is 2.5E-05 strikes per 
yr. For such applications, the value may be conservative because: 

• the average strike frequency in the tank farms is less than 0.06 strikes/yr/km2 because the 
study area included higher elevations in the region such as Rattlesnake Hills . 

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

• the equivalent target area of the immediate zone around the risers of typical tanks is about 40 
m2 or one tenth the tank area. Strikes outside the 40 m2 may dissipate without causing an 
ignition (particularly ignition of organic materials) . 

Based on information in Zach (1996) and NLSI (1996), it is likely that the tank structures 
would provide protection to the waste from lightning that strikes a riser. The tank structure fomis a 
"partial Faraday shield" that would direct current around and away from the waste in the tank. The 
ignition likelihood given a strike is most likely conservative because: (1) experience data show 
lightning strikes at the Hanford site average only about 30,000 amps (Zach 1996), (2) the tank must 
have a geometry favorable to arcing in or near the waste surface, and (3) most energy would 
preferentially dissipate through the comparatively conductive concrete and rebar. Based on this 
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assessment, the frequency of lightning-initiated chemical reactions in A W-105 was assigned to the 
Extremely Unlikely frequency category. It will be examined further in the accident scenario selection 
process described in Chapter 7. 

5.2.7 Snow Loading 

Snow loads could possibily damage equipment and system due to the application of excessive 
weight. The design basis snow loads for tank farm facilities are roof loads of 20 lb/ft2 and ground 
loads of 15 lb/ft2 (DOE 1994). These testing conditions are far less severe than the 16,000 minimum 
compressive load failure threshold for Hanford's onsite packaging systems (Rhyne 1996). This 
demonstrates that the sludge transportation package will be designed to withstand far more severe 
loading conditions than the design basis snow load. The receiving station will be designed to these 
criteria and so failure under these loads would be prevented. Consequently, failures of the K Basin 
sludge transportation system and receiving station due to snow loading were judged to be less than 
Extremely Unlikely and were not considered further in this analysis. 

5.2.8 External Fires 

The Hanford tank farm area has been subject to range fires in the past. Range fires may 
cause damage to the sludge shipping container, offload system, or tank farm equipment such as HEP A 
filters. It is estimated that the likelihood that range fires affect the K Basin sludge offload process is 
low because it would require simultaneous occurrence of the range fire and a sludge offload 
operation. Current emergency procedures for response to range fires would prohibit transfers from 
taking place when threatened by a range fire. The likelihood of damaging an important part of the 
offload system or tank component is further reduced by the presence and capabilities of the Hanford 
Fire Department, which can respond to the tank farms within several minutes. Furthermore, existing 
procedures require removal of combustible material (e.g., tumbleweeds) from the tank farm to 
prevent fires from starting or spreading. Finally, the Sludge Transportation System will be designed 
to maintain containment of the sludge materials under severe external fire conditions ( engulfing fire at 
1475°F) that are extremely unlikely to be exceeded in the tank farms. The overground portions of 
the Sludge Receiving Station will be covered with soil and possibly a concrete shielding layer which 
would protect the transfer lines from external fires. Based on the above, it was concluded that the 
risks of a range fire affecting sludge offloading activities or components in the tank farm is not 
credible. 
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6.0 SELECTION OF EVALUATION-BASIS ACCIDENT SCENARIOS 

This chapter develops a comprehensive list of potential accident scenarios from the results of 
the PHA process and then screens the scenarios to develop a list of accidents that will be analyzed in 
detail to develop the authoriz.ation basis for K Basin sludge transfer operations. The accident 
scenarios are catalogued in Section 6.1 and placed into appropriate frequency-consequence bins as 
determined from the PHA. Section 6.2 presents the list of evaluation-basis accidents and describes 
the rationale for their selection as well as the rationale for not selecting others. 

6.1 DEVELOPMENT OF COMPREHENSIVE LIST OF ACCIDENT SCENARIOS 

This section develops a comprehensive list of accident scenarios based on the infonnation 
presented in Chapters 4 and 5 and Appendix C. These data were examined to develop short narrative 
descriptions of accident scenarios, which often involve designation of an initiating event and 
subsequent failures that lead to a release of radioactive or hazardous materials to the environment. 
The accident scenarios are divided into their respective severity categories in the following sections. 

A unique identification number was assigned to each potential accident scenario in the PHA 
presented in Appendix C so each scenario would be properly accounted for in subsequent analyses. 
The identification number is a 2-digit alpha-numeric identifier placed in the "Causes" colwnn of the 
PHA (see Tables 5.1 to 5.5). The first digit refers to the process step being analyzed. First digit 
"A" refers to receipt and onsite transport of the sludge container, "B~ refers to connection and 
transfer operations, and "C" to "F" refers to storage period. The second digit is a -numerical 
identifier for the accident scenarios within each process step. For example, accident scenario "A2" 
refers to the second scenario listed in the receipt and transport PHA. 

_ The comprehensive list of accident scenarios that resulted from the PHA process is provided 
in the following pages. The scenarios are binned into appropriate severity categories (defined in 
Table 2.3), as determined in the PHA. Note also that the natural phenomena and extrinsic hazards 
that were determined to be credible in Chapter 5 are also provided in this list. 

Severity Category S3 

Seismic event (see Chapter 6) 
A18 Flammable gas released from container explodes, fails container, and releases contents to 

environment. 
A21 Flammable gases from container ignited, fails container, and releases contents to environment. 
A22 Pyrophoric material in container ignited, fails container, and releases contents to environment. 
A28 Cold temperature fails container due to brittle fracture and releases contents to environment. 
A31 Truck strikes or drives over object in tank farm (above grade component), resulting in loss of 

tank containment/confinement function. 
A32 Container struck by missile generated in tank farm, fails container, and releases contents to 

environment. 
A33 Radiation-embrittled container struck by object in tank farm, fails container, and releases 

contents to environment. 
A34 Mishandled truck drives over tank dome, causes dome failure. 
A38 Chemical reaction in container causes failure due to overpressure, releases contents to 

environment. 
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A44 Defective sludge container fails, releases contents to environment. 
A45 Trailer/tie-down failure causes container to fall to ground, container fails, and releases 

contents to environment. 
B 1 Trailer slips during connection/transfer, breaks connection, releases contents to environment. 
B8 See B15. 
B9 See B16. 
B15 Chemical reaction between K Basin sludge and tank waste increases tank pressure and 

temperature, resulting in dome failure. 
B 16 K Basin sludge mistransferred to incorrect tank, causes chemical reaction between K Basin 

sludge and tank waste increases tank pressure and temperature (explosion), resulting in dome 
failure. 

B17 Pyrophoric reaction in tank causes fire, overpressure, and tank failure (dome failure). 
B18 Flammable gas in tank ignited by spark created during transfer operations, fire causes 

overpressure and tank failure (dome failure). 
B19 Inadvertent connection made to flammable gas tank 241-AW-101 , causes spark, ignites gases 

in AW-101, fire causes overpressure and tank_ failure (dome failure). 
B20 K Basin sludge mistransferred to incorrect tank, causes chemical reaction (fire) between K 

Basin sludge and tank waste increases tank pressure and temperature, resulting in dome 
failure . 

B35 See B15 
B38 Rapid overcooling of tank vapor caused by transferring cold K Basin sludge creates vacuum in 

tank, leading to dome failure. 
Cl Exothermic reaction from mixing incompatible chemicals causes tank dome failure. 
C2 Organic fire in tank causes tank dome failure. 
C3 Mistransfer causes contact of incompatible chemicals, causing dome failure. 
C9 Explosion occurs caused by pyrophoric materials in sludge; leads to tank dome failure . 
Cl0 Explosion occurs from mixing incompatible chemicals; leads to tank dome failure . 
Cl 1 Hydrogen or flammable gas explosion leads to tank dome failure. 
C12 Electrical instrument creates ignition source, leading to explosion or fire (contributing event to 

explosions or fires caused by flammable gases, organic, etc. in tank. 
C13 Explosion occurs caused by organic materials in tank; leads to tank dome failure. 
C14 Explosion occurs caused by ammonium nitrate materials in sludge; leads to tank dome failure. 
C15 Explosion occurs caused by nitrate ·materials other than ammonium nitrate in tank; leads to 

tank dome failure. 
C16 See Cll 
C17 Vehicle operations within tank farm cause fire that spreads to the tank; leads to tank dome 

failure. 
C18 Flammable material storage operations within tank farm cause fire that spreads to the tank; 

leads to tank dome failure. 
C 19 Fire in HV AC system spreads to tank; could spread to A W-101 watch list tank. 
C20 Fire starts in riser, pump pit, or other penetration spreads to tank. 
C44 Storage tank overfilled when sludge added. 
D1 Chemical reaction causes tank overpressure; leads to HV AC failure . 
F16 Inadvertent connection made to flammable gas tank leads to fire/explosion and subsequent 

failure of other tank. 
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Severity Category S2 

Al 

A2 

A3 

AlO 

All 

A23 

A24 

A25 

A26 
A35 
A36 
A37 
A42 
A43 
A48 
A49 

B7 

B10 

B11 

B12 

B13 

B14 

B21 

B22 

B25 

B26 
B28 
B33 

Sludge container dislodged from trailer due to collision, container is breached, contents spill 
onto ground. 
Sludge container dislodged from trailer due to severe driving error, container is breached, 
contents spill onto ground. 
Sludge container dislodged from trailer due to liquid sloshing (changes center of gravity), 
container is breached, contents spill onto ground 
Rapid shipping container corrosion due to improperly-neutralized sludge results in shipping 
container failure and spill of contents onto ground. 
Interruption of transfer operation causes shipping container to be set aside in tank fanns . 
Results in accelerated corrosion rates and container failure, leading to spill on ground. 
Solar heating of container surface distorts seals, resulting in loss of containment barrier and 
pressurized release from container. 
Mishandled welding equipment or materials contact container surface, distorts seals, and 
results in pressurized release from container. 
Lead shielding material in container slumps due to overheat or impact and causes excessive 
radiation dose rate. 
Water in container freezes, volume expands, and fails container wall or penetration. 
Improperly sealed container leaks material to environment. 
Container penetration seal fails, leaks material to environment. 
Improperly sealed HEPA filter penetration leaks material to environment. 
Gases/vapors released from container, workers exposed to airborne material. 
Criticality in shipping container 
Road vibration causes incomplete seal, gases/vapors released from container. 
Road vibration increases internal pressure, material released when container seals broken 
during connection activity. 
Air/oxygen passes through open container vents, contacts sludge, and chemical reaction 
produces heat and pressure that expels material from container. 
Chemical corrosion causes failure of transfer component, releases material to the 
environment. 
Galvanic corrosion (dissimilar metal contact) causes failure of transfer component, releases 
material to the environment. 
Loss of lighting causes improper connection, leading to pressurized release when transfer 
begins. 
Loss of sludge mixer in container causes excessive vapor generation when mixing restored, 
vapor released to environmenL 
Electric fault in transfer pump, l&C system, causes transfer to be interrupted, causes 
excessive vapor generation when transfer restarted, vapor released to environment. 
Solar radiation embrittlement fails receiving station equipment, results in spray leak during 
transfer. 
Cold weather conditions freezes material in receiving station equipment, plugs lines or valves, 
results in failure of receiving station due to excessive pressure and spray release. 
Container/trailer struck by moving vehicle, connection broken, material released to the 
environment. 
Failure of receiving station line connections caused by fatigue, release occurs during transfer. 
Receiving station line rupture during transfer releases material to the environment. 
Normal pump pressure fails transfer lines, connections, causes spray leak. 
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B34 High pump pressure caused by flow blockage (pump deadhead) fails pump, transfer lines, or 
connections, causes spray leak. 

B36 Excessive steam generated in tank during transfer causes excessive vapor/aerosol release. 
B39 Operators exposed to leakage through connectors. 
B40 "Fuel flea" in sludge exposes operators to excessive radiation dose rate. 
C4 Tanlc corrosion accelerated by sludge; leads to breach of containment barrier. 
C5 Tank internal equipment corrosion accelerated by sludge; leads to breach of containment 

barrier. 
C21 Tanlc bump or gas release event caused by heat generated by equipment in tank 
C22 Tanlc bump or gas release event caused by heat generated by radioactive decay of sludge when 

added to tank. 
C23 Sludge contains hot spot that creates excessive vapor/gas generation. 
C24 Thennal cycling of tank from repeated transfers causes failure of tank liner and leakage to 

soil. · 
C25 Any of various tank liner failure mechanisms causes leakage to soil. 
C27 Sludge transfer pump (on vehicle) causes excessive pressure in tank and gas release everit. 
C28 Chemical reaction leads to tank overpressure and gas release event. 
C29 Loss of air balance due to plugging of HV AC inlet results in gas release event. 
C32- Tanlc liner failure due to various causes (excessive hydrostatic load, dynamic stress, missile, 
C38 etc.) results in release to soil. . 

C40 Tanlc liner failure caused by nearby equipment vibration. 
C41 Tanlc liner failure caused by nearby workers operating heavy machinery. 
C42 Criticality created by chemical reaction resulting from addition of sludge to tank. 
C43 Criticality created by concentrating fissile materials in sludge due to evaporation of water 

from tank wastes. 
02 HV AC system corrosion enhanced by sludge; reads to gas release event. 
05 See 034 
06 Loss of power to instrumentation and control system leads to HV AC failure and excessive 

vapor/aerosol releases from tank. 
07 Explosion caused by organic-nitrate materials on HV AC system surfaces leads to breach of 

confinement boundary and excessive vapor/aerosol releases from the tank. 
08 Explosion caused by ammonium nitrate or other inorganic nitrates on HV AC system surfaces 

leads to breach of confinement boundary and excessive vapor/aerosol releases from the tank. 
09 Explosion involving stored flammable gas bottles causes breach of HV AC system confinement 

boundary. 
010 Fire caused by accumulation of flammable vapors in HV AC system results in HV AC failure 

and breach. 
011 Fire caused by accumulation of combustible materials in HV AC system results in HV AC 

failure and breach. 
012 Fire caused by accumulation of pyrophoric materials in HV AC system results in HV AC 

failure and breach. 
013 Fire caused by vehicle operations in tank farm spreads to HV AC system resulting in HV AC 

failure and breach. 
014 Fire caused by flammable material storage operation in tank farm spreads to HV AC system 

and results in HV AC failure and breach. 
015 Use of non-intrinsically-safe tools and equipment during tank farm operations creates spark 

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

D 17 See other fire scenarios. 
018 Solar exposure heats HY AC components, fails or distorts seals, and results in gas release 

event. 
019 Frozen lines create flow blockage and subsequent overpressurization. 
021 Internal flooding of HVAC system caused by rupture or overflow of moisture separator. 
022 Excessive HEPA filter loading leads to loss of efficiency. 
023 Excessive moisture on HEPA filter leads to loss of efficiency. 
024 Excessive air/vapor temperature applied to HEPA filter leads to loss of efficiency. 
025 Chemical reaction on HEPA filter media leads to loss of efficiency. 
026 HEPA filter rupture or bypass leads to loss of filtration. 
027 Structural damage leads to loss of HEPA filter efficiency. 
031 Ground creep causes excessive pressure in HY AC system, fails confinement boundary. 
032 Plugged pipe/duct leads to HY AC overpressure, leading to structural failure. 
033 Damper fails closed causing HY AC overpressure, leading to structural failure. 
034 Loss of exhaust fan causes HY AC overpressure, leading to structural failure. 
035 Moisture separator failure causes HY AC overpressure, leading to structural failure. 
041 Structural damage/failure of HY AC system confinement boundary due to missiles. 
042 HY AC confinement boundary integrity lost due to excessive overburden on underground 

lines. 
043 Structural damage/failure of HY AC system confinement boundary due to drop of a heavy 

load. 
044 Structural damage/failure of HY AC system confinement boundary due to subsidence created 

by flood. 
045 Vehicle collision with · aboveground equipment causes loss of HY AC system confinement 

boundary. 
046 Rupture/damage of HY AC component (heater, moisture separator, filter housing, etc.) causes 

loss of HY AC system confinement boundary. 
048 Nearby workers exposed to toxic vapors released from ventilation system. 
049 Vibration from nearby heavy equipment operations or vehicle passage causes failure of HY AC 

system component and subsequent gas release event. 
050 Transfer equipment vibration causes failure of HY AC system component and subsequent gas 

release event. 
051 See 045. 
ES Hydrogen gas escapes tank, accumulates in pump pit, and explodes. 
E6 Flammable gas escapes tank, accumulates in pump pit, and starts fire. 
E7 Pyrophoric material accumulates in pump pit and starts fire. 
ES Welding fire spreads to dome penetration or pump pit, fails seal, and leads to gas release 

event. 
E9 External fire spreads to dome penetration or pump pit, ignites flammable gas, and leads to gas 

release event (potential contributing event). 
ElO Riser gasket degradation leads to loss of confinement boundary and subsequent gas release 

event. 
El 1 Riser or pump pit intentionally open leads to gas release event. 
E12 Riser or pump pit inadvertently left open leads to gas release event. 
E13 Infiltration through pump pit drain line leads to gas release event. 
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El4 
E15 
E16 Infiltration through central pump pit to annulus pump pit cross-connection line leads to gas 

release event. 
E19 
E20 
E22 
E23 

E24 
E25 
E26 
F8 

F9 

FlO 

Fll 
F12 
Fl3 
F14 
F15 
F17 

Riser fails due to overpressurization 
Pump pit fails due to overpressurization. 
Vehicle accident fails riser, results in gas release event. 
Heavy load dropped on riser or pump pit causing breach of confinement boundary, results in 
gas release event. 
Riser, pump pit failure due to overburden results in gas release event. 
Loss of integrity through pump pit opening leads to gas release event. 
Riser, pump pit failure due to vibration results in gas release event. 
Explosion in leak detection pit (various causes such as flammable gas, pyrophoric material, 
exothermic chemical reaction) leads to structural failure. 
Explosion in annulus pump pit (various causes such as flammable gas, pyrophoric material, 
exothermic chemical reaction) leads to structural failure . 
Explosion in process piping (various causes such as flammable gas, pyrophoric material, 
exothermic chemical reaction) leads to structural failure . 
Pyrophoric material in leak detection pit causes fire and leads to structural failure. . 
Pyrophoric material in annulus pump pit causes fire and leads to structural failure. 
Pyrophoric material in process piping causes fire and leads to structural failure. 
Flammable gas in leak detection pit causes fire and leads to structural failure .. 
Flammable gas in annulus pump pit causes fire and leads to structural failure. 
Pipe rupture leads to gas release event. 

Severity Category Sl 

A6 Externally-contaminated shipping container received at tank fanns, results in excessive worker 
exposures. . 

A7 Chemicals in tank farm enhance container corrosion rates; leads to leakage. 
A8 High surface contamination in tank fanns causes high dose rates in areas occupied by transfer 

personnel; results in excessive radiation doses to operators . 
A9 Chemicals used in tank farm escape container(s) and result in exposures of workers to 

potentially-hazardous vapors. 
A27 Cold ambient temperature embrittles gaskets, causes loss of containment, material released 

from container. 
A29 Thermal cycling causes seal deformation, material released from container. 
A30 Differential thermal expansion of container and seal materials causes loss of containment 

boundary, material released from container. 
A40 Excessive surface contamination (see A6) 
A41 Container contains "fuel flea", surface dose rate exceeds limits, workers receive excessive 

exposures. 
A46 Container releases toxic vapors/aerosols, worker exposed. 
A47 Workers exposed to toxic vapors released from fuel tank, compressor, etc. 
B2 Fluid splashes when transferred into tank, results in excessive vapor generation in tank, 

vapors/gases released to environment. 
B3 Sludge distributor fails, falls into tank, results in excessive vapor generation in tank, 

vapors/gases released to environment. 
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B4 Operators exposed to residual material in transfer lines, connectors, valves, etc. 
BS Contamination (e.g., sand) in transfer pump causes pump failure, missile generation, and 

operator injury. 
B6 Residuals in lines/valves react, producing heat and pressure, and disperses residual material. 
B23 Excessive vapor release from tank caused by cool K Basin sludge striking warmer waste in 

tank. 
B24 Excessive vapor release from tank caused by K Basin sludge striking tank surfaces. 
B27 Foreign object in sludge strikes tank wall or internal equipment (spark source). 
B29 Loss of power source to container instrumentation and control system causes operator error. 
B30 Loss of power to tank farm lighting system causes operator error. 
B31 Loss of power to sludge mixer in container results sludge to settle to bottom, interferes with 

capability to completely empty container, results in excessive radiation exposures. 
B32 Loss of power to sludge distributor causes uneven distribution of sludge. 
B37 Gas pockets in tank sludge released during transfer. 
C6 Loss of electric power to tank instrumentation leads to incorrect operator action. 
C7 Loss of electric power to sludge distributor leads to incorrect sludge position. 
C8 Electric fault in tank instrumentation leads to incorrect operator action. 
C26 Moisture in sludge (and subsequent rinse water) causes excessive vaporization and gas release 

event. 
C30 Operators receive excessive dose from material in tank. 
C31 Operators exposed to vapors released from HV AC system. 
C39 Operators exposed to toxic vapors released from tank. 
D3 See D29 
D4 See D30 
D28 Vapor generation rate increased following exhaust fan failure. 
D29 Heater failure allows excessive moisture to HEPA filter, reducing efficiency. 
D30 Moisture separator failure allows excessive moisture to HEPA filter, reducing efficiency. 
D36 Loss or reduction of intake air flow causes excessive vacuum in tank and loss of air balance. 
D37 Valve failure in intake air flow causes excessive vacuum in tank and loss of air balance. 
D38 Operators exposed to excessive external dose rate when handling decontamination and spill 

cleanup materials. 
D39 Operators exposed to excessive external dose rate when handling solid wastes generated 

during surveillance, maintenance, operations activities. 
D40 HEPA filter failure leads to excessive occupational exposures. 
D47 See C31. 
El Riser failure due to corrosion causes gas release event. 
E2 Pump pit or other dome penetration failure due to corrosion causes gas release event. 
E3 Dome penetration seal failure due to corrosion accelerated by sludge; causes gas release 

event. 
E4 Internal tank equipment corrosion accelerated by sludge; causes gas release event 
E21 Operators exposed to excessive dose rate from vapors/gases in pump pit, risers, or other 

penetrations. 
Fl Equipment/piping in leak detection pit fails due to corrosion (accelerated by K Basin sludge), 

causes gas release event. 
F2 Equipment/piping in annulus pump pit fails due to corrosion (accelerated by K Basin sludge), 

causes gas release event: 
F3 Other piping fails due to corrosion (accelerated by K Basin sludge), causes gas release event. 

K Basin Sludge Safety Assessment 6.7 May 30, 1997 



Rev. B 

F4-F7 Loss of power to various system components; contributes to other accident scenarios but do 
not directly cause release or are not initiating events. 

F18 Rupture/breach of leak detection pit leads to release. 
F19 Rupture/breach of annulus pump pit leads to release. 
F20 Operators exposed to excessive radiation dose rate from leakage through piping, annulus 

pump pit, or leak detection pit. 
F21 Operators exposed to excessive radiation dose rate from fuel fleas . 
F22 Receiving station piping fails due to overburden. 
F23 Leak detection pit fails due to overburden. 
F24 Annulus pump pit fails due to overburden. 
F25 Heavy load dropped on piping, annulus pump pit, or leak detection pit fails containment 

barrier. 
F26 External pressure from ground-creep on piping, annulus pump pit, or leak detection pit fails 

containment barrier. 
F27 Vehicular collision fails above-grade piping system containment barrier. 
F28 Vehicular collision fails annulus pump pit containment barrier. 
F29 Vehicular collision fails leak detection pit containment barrier. 
F30 Vibration fails piping, annulus pump pit, or leak detection pit containment barrier. 

Severity Category SO (Industrial accidents or scenarios that do not involve exposures to radioactive 
or hazardous chemical materials) 1 

A4 Truck collision injures driver or pedestrian in tank farm 
A5 Severe driving error injures driver or pedestrian in tank farm 
A12 Operator electrocuted or burned by contacting exposed electrical system components 

connecting shipping container to tank farm 
A 13 Operator electrocuted or burned by contacting exposed electrical system components on 

shipping container/vehicle (pump power supply) 
A14 Operator electrocuted or burned by contacting exposed air compressor electrical components 

on shipping container/vehicle. 
A15 Operator electrocuted or burned by contacting exposed instrumentation and control (l&C) 

system components on shipping container/vehicle. 
A16 Fuel or lube oil explosion on truck injures workers 
A17 Welding gases explode and injure workers 
A19 Truck-related fire (fuel, lube oil, hot brakes, engine) injures workers. 
A20 Welding gases start fire and injure workers. 
A39 Air compressor fails , injures nearby worker. 

6.2 SELECTION OF EVALUATION-BASIS ACCIDENT SCENARIOS 

The first step in the accident screening process was to identify accident scenarios assigned to 
severity category 1 that had frequencies greater than extremely unlikely. Such scenarios would 
clearly be evaluation-basis scenarios as they result in a combination of high consequence and 

These are focused on unique or new industrial hazards introduced by the sludge receiving 
operations. Existing industrial hazards, such as slips. falls, rotating machinery (fan motors) 
etc., are not identified here as they are addressed in the Tank Farms Health and Safety Plan. 
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relatively high frequency which would merit further analysis . Inspection of the PHA tables yielded 
no scenarios of this type. 

The second step was to attempt to group the scenarios in severity category 1 into "families" 
or scenarios that share common initiating events or release mechanisms. These "families" were 
determined to be: 

1. Rupture of transfer line, connections, etc. during a transfer. Many potential causes were 
identified, including seismic events, overpressure, improper connection, trailer movement 
during transfer, and others . Depending upon the extent of the rupture and the system 
pressure, the release may consist of a spray release, liquid spill, or both. 

2. Flammable Gas Deflagration was considered as a possible outcome of many different 
accident scenarios , including seismic events , mixing of incompatible chemicals and subsequent 
fire or explosion, or failure of the ventilation system. The release from such an event would, 
include vapors, supemate, and sludge material within tank A W-105, including K Basin 
sludge. 

3. Truck collision/fire could occur as a result of numerous potential scenarios, possibly 
resulting in a pressurized release of aerosols and vapors from the container as well as liquid 
spills. , Possible causes of such an event would include operator error, improper sealing of the 
container at K Basins, failed seals on penetrations into the container cavity, and inadvertently 
or intentionally delaying container unloading operations for a long period of time (allowing 
hydrogen gas to accumulate to flammable concentrations in the container). 

4. Pyrophoric Chemical Reaction could occur as· a result of adding the K Basin sludge 
materials , to the tank. The conditions under which a chemical reaction could be initiated and 
the potential controls to ensure this does not occur are provided in the accident analysis 
section. 

5. Inadvertant Criticality events are considered in the accident analysis because there is 
sufficient fissile material to accumulate a critical mass and controls will be needed to ensure 
that inadvertant criticality is an incredible event. 

All of the scenarios within these families were retained for further analysis . 

The next step was to examine category 2 and 3 accident scenarios. The severity category 2 
and 3 scenarios that were rated as having extremely unlikely frequencies in this severity category -
were screened out or identified as potential contributors to the accident families listed above. This is 
because the risks of these scenarios would be lower than the risks of extremely unlikely scenarios in 
category 1 due to their lower consequences. Therefore, such accident scenarios would be bounded by 
the higher-consequence category 1 scenarios that have approximately equivalent frequencies . Again, 
the scenarios were grouped into "families" as was done for severity category 1 scenarios. This 
resulted in creation of the following families : 

6. Shipping container failure without subsequent fire. These accident scenarios may be 
caused by vehicle collision, improperly installed seals, seal failure in transit, or an event that 
could increase pressure within the container. The material released from such an event could 
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be vapor or liquid, depending upon which seals are failed and the operation occurring when 
the seal fails. 

7. Overp~urization of AW Tank Fann ventilation system. These scenarios may be caused 
by incompatible chemical reactions, flammable gas deflagration, or other internal pressure
inducing mechanism or by outside forces, such as seismic events. The internal pressure 
generated in this family of accidents is not sufficient to cause tank dome failure but could 
cause an overpressure of ventilation system components that results in loss of confinement of 
the vapors and gases removed from the tank head space. 

As with the severity category 1 scenarios, many of the accident scenarios identified in Section 
6.1 are contributors to the families identified above. In essence, they represent separate pathways 
towards the occurrence of the more-encompassing family event. For example, tank overpressurization 
and subsequent failure of the HV AC system may occur as a result of a severe exothermic chemical 
reaction, as a result of a pyrophoric reaction, a seismic event, or other event that could lead to a 
substantial increase in tank vapor space pressure. In the detailed accident scenario modeling process, 
all of these potential pathways are explored and quantified to develop an estimate of the frequency of 
tank dome failure (resulting from the addition of 
K Basin sludges to tank AW-105). Therefore, the majority of the accident scenarios identified in 
Section 6.1 are actually subsumed within the families identified above and were not screened out from 
further consideration, as demonstrated in Table 6.1. 

Table 6.1. Relationship Between Accident Families and the Accident Scenarios 
Identified in the PHA 

Accident Family PHA Scenarios Within Family 

Transfer Line Rupture/Spray Seismic, Bl , B6, B10, B11, B12, B21, B22, B25, B26, B28, 
Leak B33, B34, D19, 

Tank Overpressurization Seismic, A34, Bl5, Bl6, B17, Bl8, Bl9, B20, B38, Cl, C2, 
C3, C9, ClO, Cll, Cl2, Cl3, Cl4, Cl5, Cl7, Cl8, Cl9, 
Fl6, 

Truck Collision and Fire Al, A2, A3, AlO, All, A18, A21, A22, A32, A43, A44 

Shipping Container Failure A27, A29, A30, A35, A36, A37, A42, A47, A48, B7, D36, 
Without Fire D37 

Criticality A43, C42, C43 

Pyrophoric Chemical Reaction A22, BS, Bl7, B35, B35, C13, Cl4, C15, C16, C28, D1, 
D7, D8, D10, D12, E7, Fll, F12 

Flammable Gas Deflagation A18, A21 , Bl 8, B37, Cl, Cl2, D10, E5 , E6, E9, FlO, F14, 
F15, Fl6 
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7.0 ACCIDENT ANALYSIS. 

This chapter presents the accident analysis for the K Basin sludge offloading and storage 
activities. The major steps in the analysis involved development of the frequencies and consequences 
of the bounding accident scenarios, comparison to the WHC risk evaluation guidelines (guidelines 
from Rev. 1 of WHC-CM-4-46 were used here), and development of proposed controls to ensure the 
risks remain below guidelines. The information in this section also fonns the basis for the Safety 
Class Evaluation that is presented in Chapter 8. An overview of the general approach used in the 
detailed evaluation of potential accidents is presented in Section 7 .1 . The accident analyses are 
presented in Section 7 .2. The approaches used in the accident analyses are described in detail in each 
accident analysis subsection. 

In each accident analysis, the accident is described, the frequency of the accident is 
determined, the source term and consequences to the Maximwn Exposed Individuals (MEI) onsite and 
offsite are evaluated. The key asswnptions used in the analysis are listed, and the need for controls is 
assessed. Estimates of the mitigated and unmitigated frequencies and consequences of each potential 
accident scenario are discussed in each accident analysis subsection. Based on the results of the 
accident analyses, the safety class and safety-significant SSCs are identified. 

7.1 DESCRIPTION OF ACCIDENT ANALYSIS APPROACH 

The general approach to the accident analysis is illustrated in Figure 7 .1. As shown, the 
design basis accidents identified in Chapter 6 were subjected to the detailed accident analyses in this 
chapter. For each accident scenario identified in Chapter 6, unmitigated accident frequencies and 
consequences were calculated and then compared to the WHC risk evaluation guidelines given in 
WHC-CM-4-46, Rev 4 (WHC 1996a). If the unmitigated frequencies and consequences were found 
to be below the guidelines (i.e., PASS), the assumptions and bases for the accident frequency and 
consequence results were reviewed to identify potential TSR controls and safety class and safety
significant SSCs. If the frequencies and consequences were found to be above the guidelines, 
potential mitigation measures were identified that could reduce the frequencies and/or consequences of 
the event. The unmitigated calculations were then modified to incorporate the· effects of the 
postulated mitigation measures. Mitigated accident frequency and consequence results were then 
calculated using the modified values. The mitigated scenario results were compared to the risk 
evaluation guidelines and, if the results were found to be below the guidelines, the mitigation 
measures as well as the assumptions and bases for the frequency and consequence results were 
reviewed to identify safety SSCs and potential controls. The cycle through the identification of 
mitigation measures and re-quantification of the frequencies and consequences is repeated until 
acceptable frequencies and consequences are developed. 

The radiological and toxicological consequences of the design basis accidents were evaluated 
for comparison against the risk evaluation guidelines. This required calculation of the radiological 
dose and toxic chemical concentrations at the maximum onsite and offsite individual locations as a 
result of the accidental releases. The following paragraphs describe some key assumptions and 
definitions used in the consequence calculations. 
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PASS 

Figure 7.1. General Overview of the Accident Analysis Approach . 

Radiological Exposure Pathways 

There are two potential radiological exposure pathways associated with accidental releases of 
radioactive materials: the internal and external exposure pathways. The total radioactive dose 
received by an individual is equal to the sum of the dose contributions from the internal and external 
exposure pathways. 

The major internal exposure pathway for tank farm accidents is the inhalation pathway. 
Exposure through the inhalation pathway occurs when an accident results in a release of airborne 
radioactive materials that are transponed downwind and inhaled by the maximum onsite and offsite 
individuals or when radioactive materials that have been deposited on the ground during plume 
passage become resuspended and subsequently inhaled. To maintain consistency with the approach 
taken in the TWRS BIO (LMHC 1997), the dose contribution from the inhalation of resuspended 
materials was not calculated in this preliminary safety assessment. 

The other internal exposure pathway is the ingestion pathway. Exposure through the 
ingestion pathway occurs when radioactive materials that have been deposited offsite are ingested, 
either by eating crops grown in, or animals raised on, contaminated soil, or through drinking 
contaminated water. Potential· doses from the ingestion pathway are not included in the comparison to 
risk guidelines because there are DOE, DOE-RL, state, and federal programs in place to prevent 
ingestion of contaminated food in the event of an accident (DOE-RL 1994, WSDOH 1993, EPA 
1992). As a result, ingestion doses were not calculated in this assessment. 
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The external exposure pathways include submersion, ground shine, and direct exposure from 
a concentrated radioactive source, such as a pool of liquid formed when radioactive material is spilled 
to the ground. Submersion refers to the external dose received by a person located in the airborne 
radioactive plume during plume passage. Ground shine refers to the external dose received by a 
person standing on or near ground contaminated by radioactive materials deposited during passage of 
the airborne radioactive plume. Because K Basin sludge shipments do not contain detectable 
quantities of short-lived noble gases or iodines, the submersion doses are orders of magnitude lower 
than the inhalation doses. Similarly, the ground shine dose is several orders of magnitude lower than 
the inhalation dose. The dose contribution from the direct exposure pathway is also insignificant 
compared to that from the inhalation pathway for the tank farms accident scenarios except the 
scenarios involving leakage from ruptured waste transfer lines. Such failures may result in a spill of 
radioactive material that forms a pool of liquid and results in a direct radiation dose from the surface 
of the pool. For scenarios involving formation of a pool of radioactive liquid, the direct dose 
contribution to the total dose is significant and is therefore included in the calculation of the total 
radiological dose used to compare against the risk evaluation guidelines. To the extent possible, 
radiological exposure calculations in this document are consistent with WHC-SD-WM-SARR-016, 
Rev. 2 (WHC 1996b) and WHC-SD-WM-SARR-037, Rev. 0 (Cowley 1996). 

Toxicological Exposure Pathways 

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

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

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

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

The calculated radiological doses are presented in terms of the Effective Dose Equivalent 
(EDE). The doses represent the lifetime dose (50 yr) that results from external exposure plus intake 
via inhalation of released radioactive materials. EDE is the sum of the committed dose equivalent 
from internal deposition of radionuclides in the body and the dose equivalent from external radiation. 
Committed dose equivalent is the total dose equivalent accumulated in an organ or tissue in the 50 yrs 
following a single intake of radioactive materials into the body. The committed dose equivalent for a 
single radionuclide is the product of the dose to a specific organ and the weighting factor for that 
organ. For further information, refer to Napier et al. (1988). 

Two hypothetical, maximally-exposed receptors were used to determine the consequences 
from each accident event. Doses were calculated for the Onsite Maximally Exposed Individual (MEI) 
and the Offsite MEI. The onsite MEI was assumed to be located 100 m away from the release point 
in the direction that yields the greatest atmospheric dispersion coefficient. For accidents in the tank 
farms, this occurs east of a release point. The offsite MEI was assumed to be located at the site 
boundary in the direction of the highest atmospheric dispersion coefficient or 8760 m north of the 
release point. These locations and their atmospheric dispersion coefficients were taken from WHC
SD-WM-SARR-016, Rev. 2 (WHC 19961>). Ground-level releases were assumed for all scenarios. 

Dose Calculation Model 

The GENII code version 1.485 (Napier et al. 1988) was used for dose calculations from 
airborne releases. Maximum individual · exposure parameters were used in the calculations. All doses 
were based on a 50-yr commitment period. 

The Onsite MEI and the Offsite MEI were assumed to be fully-exposed to inhalation and 
submersion doses from the centerline of the passing plume. The exposure parameters assumed in the 
calculations are as follows (PNL-3777, Rev 2, Schreckhise et al. 1993). 

The GENII code was used to calculate unit dose values (units are Rem/L). These unit doses 
are different than the Unit Liter Doses (ULDs) presented in the TWRS BIO. The unti doses 
calculated here include transport and uptake whereas transport and uptake are computed separately in 
the BIO. GENII offers a choice between entering MEI distances and directions, which the code uses 
in conjunction with joint:..frequency data to calculate atmospheric dispersion coefficients, or entering 
externally-calculated atmospheric dispersion coefficients. For this assessment, the finite plume model 
was used in the GENII calculations and the MEI distances and directions were input to the code. 
Therefore, atmospheric dispersion coefficients were calculated by GENII which were then used to 
calculate the radiological unit doses for K Basin sludge materials. The GENII-calculated coefficients 
were not the same as those developed in WHC-SD-WM-SARR-016, Rev. 2 (e.g., plume meander 
correction is not included in GENII). Adjustments to the GENII-calculated doses were made by 
multiplying the GENII-calculated Unit dose by the ratio of the atmospheric dispersion coefficients 
calculated in WHC-SD-WM-SARR-016, Rev. 2, to the GENII-calculated coefficients. This results in 
adjusted unit doses that are consistent with those in WHC-SD-WM-SARR-016, Rev. 2, but that are 
more accurate than GENII-calculated doses using an input atmospheric dispersion coefficient. 

Some of the accident scenarios evaluated in this section involve releases of DST wastes. The 
DST waste dose calculation methodology employed here is the same as that described in WHC-SD-

K Basin Sludge Safety Assessment 7.4 May 30, 1997 



WM-SARR-016 and WHC-SD-WM-SARR-037 according to the following formula: 

where 

Dose = ST * ULD * BR * X/Q 

ST = 
ULD = 
BR = 
X/Q = 

Source term (L) 
Unit liter dose, Rem/L 
Breathing rate (ml/sec) 
Atmospheric dispersion coefficient (sec/m3) 

Rev. B 

The ST values are calculated for each scenario involving DST waste releases later in this chapter. 
The ULD values, which are different than the unit doses from K Basin sludge releases described 
above (i.e., ULDs do not include transport and uptake of the release materials), were taken from 
Cowley (1996) and amount to 5.3E+07 Rem/L for DST solids and 6.1E+05 Rem/L for DST liquids. 
A composite ULD for mixtures of DST wastes at .1/3 solids and 1/3 liquids was calculated to be 
l.8E+07 Rem/L. The breathing rates used in the calculations were 3.3E-04 m3/sec for the onsite 
MEI and 2.7E-04 ml/sec for the offsite MEI (WHC 1996b). The values of the atmospheric 
dispersion coefficients were also taken from WHC 1996b). 

Radiological Inventory and Source Term Development 

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

where 

Q = MAR x ARF (or ARR) x RF 

Q 
MAR = 
ARF 
ARR 

= 
= 

RF = 

Release quantity (liters) or release rate (liters/sec) 
Material at risk (liters) 
Airborne release fraction (unitless) 
Airborne release rate (fraction per-unit-time) 
Respirable fraction (unitless) 

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

The material at risk in the above equation is represented by radionuclide and toxic chemical 
concentrations in K Basin sludge. The radionuclide and chemical constituents of the sludge were 
derived from sample data contained in Analysis of Sludge from Hanford K East Basin Floor and 
Weasel Pit (Makenas et al. 1996) and Lodwick (1997). Note that Makenas et al. provides sample 
data for K East Basin floor and weasel pit sludge. Characterization data on K East Canister, North 
Loadout Pit, and Fuel Wash sludges as well as K West Basin Canister, North Loadout Pit, and Fuel 
Wash sludges are being developed. The best available characterization data on these latter sludge 
materials were provided by Lodwick (1997) but should be considered preliminary. 
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The concentrations of a wide variety of radioactive and chemical analytes were given in the 
references. All of the radioactive analytes listed were included in the calculation of the unit liter 
doses described below. For this analysis, the sample data for as-settled sludge was used. Maximum 
observed concentration values were used for each radionuclide. Similarly, the characterii.ation data 
for canister, loadout pit, and fuel wash sludges are based on as-settled sludge projections. The raw 
data provided by Spent Nuclear Fuel Program staff (total quantities of each analyte), estimated sludge 
volumes, and concentrations of each analyte in the various sludges are presented in Tables 7 .1 
(radionuclides) and 7.2 (chemicals). The concentration of polychlorinated biphenyls (PCBs) in the 
sludge is not shown in the table. The PCB concentrations range from 10 to 220 ppm and are only 
present in certain sludge samples. The source of PCB contamination in the basin is unclear. PCBs 
are included in the toxicological exposure analysis. 

It was assumed that the K Basin sludge material to be transferred into the tank would be 
pretreated (chemical adjustment) and homogenized. The shipped sludge consists of 30% as-settled 
sludge and 70% K Basin water by volume. The unit source compositions (Ci per liter of sludge) for 
radionuclides in the as-settled sludge, K Basin water, and the as-shipped sludge/water material are 
presented in Table 7.3. The data in this table were derived from the radionuclide composition of fuel 
wash sludge which was determined to have higher radionuclide concentrations than the other sludge 
types and so represents the worst-case shipping container loading. Radionuclide composition of the 
bulk sludge, assuming a homogeneous mixture bas_in water and all sludge materials from both K East 
and K West Basins, are shown in Table 7.4. Chemical concentrations are presented in Table 7.5, 
again assuming the chemical composition of fuel wash sludge which exhibit higher chemical 
concentrations than the other K East and K West Basin sludge materials. The chemical composition 
of bulk sludge (i.e., K East and K West sludges plus basin water) is shown in Table 7.6. 
Concentrations of anions shown in Tables 7.5 and 7.6 were taken from Makenas et al. (1996) and are 
the best available but may not be fully representative of all sludge materials. 

For the toxic chemicals, a screening analysis was performed to identify the toxic chemicals 
and their projected forms in the sludge that would _dominate the toxic chemical exposures. The 
screening was performed primarily by reviewing the chemistry data in Appendix A of WHC-SD-WM-. 
SARR-011, Rev. 2 (WHC 1996c). Although the document addresses tank waste and not K Basin 
sludge, the sludge would need to be adjusted to meet compatibility requirements before it can be 
added to the tank. It is postulated that the most important chemical parameter that determines the 
form and chemical compounds associated with each chemical specie is the pH. Since the pH of the 
sludge will be adjusted at K Basin to meet the acceptance requirements for tank wastes (highly 
alkaline), the chemical form and compounds in the adjusted sludge should be the same as they 
currently exist in the tanks. Thus, the information in SARR-011 is most likely relevant to K Basin 
sludge. A summary of the chemical screening exercise is presented in Table 7. 7. The concentrations 
of the chemicals that survived the screening exercise were taken from Table 7.4 and 7.6 and are 
presented in Table 7 .8. 
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Sludge Type 

Radionu
clide 

Am-241 
Bi-212 

Ce-144/Pr 
Cm243/244 

Co-60 
Cs-134 
Cs-137 
Eu-152 
Eu-154 
Eu-lSS 
Nb-94 
Np-237 
Pu-238 

Pu-239/240 
lu-226 

Ru-106/Rh 
Sb-125 
Sr-90 
TI-208 
Y-90 

Pu-241 
Ba-137 

v~1uuiei 11{ 

Table 7.1. Volumes and Radionuclide Compositions of K Basin Sludge Materials (As-settled Solids) 

Floor Pits N. Loadout Canister Fuel Wash 

Ci uCi/mL Ci uCi/mL Ci uCi/mL Ci uCi/mL Ci uCi/mL 

l .46E+03 S.62E+OI l.6SE+02 1.12E+OI 8.0SE+OO t.07E+OO l.89E+03 2.SSE+02 t.40E+03 4.38E+02 
9.23E+Ot 3.SSE+OO 3.38E+OI 2.30E+OO O.OOE+OO O.OOE+OO O.OOE+OO 0.00E+OO O.OOE+OO O.OOE+OO 
2.99E+02 I.ISE+OI 3.00E+02 2.04E+Ot O.OOE+OO O.OOE+OO 3.16E+02 4.27E+OI 2.34E+02 7.31 E+Ot 
3.32E+02 t.28E+OI 6.98E+Ot 4.7SE+OO O.OOE+OO O.OOE+OO 9.73E+OI l.32E+Ot 7.20E+OI 2.2SE+Ot 
6.09E+OI 2.34E+OO 3.44E+OI 2.34E+OO l.64E+OO 2.19E-Ot 7.41E+02 1.00E+02 S.SOE+02 1.72E+02 
2.30E+Ot 8.BSE-01 6.07E+OO 4.13E-OI O.OOE+OO O.OOE+OO 2.16E+02 2.92E+OI l.60E+02 S.OOE+Ot 
3.8SE+04 l.48E+03 7.41E+03 S.04E+02 7.43E+OI 9.91E+OO 7.14E+04 9.6SE+03 S.28E+04 t .6SE+04 
l.83E+Ot 7.04E-Ot l.03E+Ot 7.0IE-01 O.OOE+OO O.OOE+OO S.36E+OO 7.24E-Ot 3.9SE+OO t .23E+OO 
2.31E+02 8.88E+OO 2.9IE+OI t .98E+OO l.64E+OO 2.19E-Ot 6.77E+02 9.ISE+OI S.02E+02 I .S7E+02 
1.07E+02 4.t2E+OO l ,90E+OI l.29E+OO 9.0JE-01 l.20E-Ot l.80E+02 2.43E+Ol 1.34E+02 4.19E+Ot 
1.17E+Ol 4.SOE-01 3.2SE+OO 2.21E-Ot O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 
2.22E-Ol 8.S4E-03 1.14E-Ot 7.76E-03 O.OOE+OO O.OOE+OO 3.68E-Ot 4.97E-02 2.72E-Ot 8.SOE-02 
2.83E+02 t .09E+Ol S.97E+Ol 4.06E+OO l.60E+OO 2.13E-Ol 7.31E+02 9.88E+Ol S.42E+02 t.69E+02 
1.17E+03 4.SOE+OI 2.19E+02 1.49E+Ol 9.74E+OO l.30E+OO 2.00E+03 2.71E+02 t.49E+03 4.66E+02 
S.72E+02 2.20E+OI l.60E+02 l .09E+OI O.OOE+OO O.OOE+OO O.OOE+OO 0.00E+OO O.OOE+OO . O.OOE+OO 
4.36E+02 l.68E+Ot 1.17E+02 7.96E+OO O.OOE+OO O.OOE+OO 2.84E+02 3.84E+Ot 2.IOE+02 6.S6E+Ot 
9.77E+Ol 3.76E+OO 3.34E+Ol 2.27E+OO O.OOE+OO 0.00E+OO 3.83E+02 S.17E+OI 2.8SE+02 8.91E+OI 
3.S9E+04 l.38E+03 S.44E+03 3.70E+02 0.00E+OO O.OOE+OO S.48E+04 7.41E+03 4.0SE+04 t.27E+04 
3.09E+02 ,1.19E+Ot 1.04E+02 7.07E+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 0.00E+OO O.OOE+OO 
O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 4.0SE+04 1.27E+04 
O.OOE+OO O.OOE+OO 0.00E+OO O.OOE+OO t.37E+02 l.83E+Ot 0.00E+OO O.OOE+OO 3.02E+04 9.44E+03 
0.00E+OO O.OOE+OO O.OOE+OO O.OOE+OO 7.03E+OI 9.37E+OO O.OOE+OO 0 .00E+OO S.OOE+04 I.S6E+04 

··:/7&>:"<:" ;- 14.f 

Bulk Sludge 

Ci uCi/mL 

4.92E+03 2.38E+Ot 
l.26E+02 O.OOE+OO 
I.ISE+03 3.98E+OO 
S.7IE+02 t.22E+OO 
l.39E+03 9.3SE+OO 
4.0SE+02 2.72E+OO 
t.70E+OS 8.98E+02 
3.79E+Ot . 6.72E-02 
t .44E+03 8.S4E+OO 
4.41E+02 2.28E+OO 
I.SOE+Ot O.OOE+OO 
9.76E-Ot 4.63E-03 
l.62E+03 9.22E+OO 
4.89E+03 2.S3E+Ol 
7.32E+02 O.OOE+OO 
l.OSE+03 3.S7E+OO 
7.99E+02 4.8SE+OO 
l.37E+OS 6.89E+02 
4.13E+02 O.OOE+OO 
4.0SE+04 6.89E+02 
3.03E+04 S.14E+02 
S.OIE+04 8.SOE+02 

.. .. ~u -



Table 7.1. Volumes and Radionuclide Compositions of K Basin Sludge Materials (As-settled Solids) 

Sludge Type Floor Pits N. Loadout Canister Fuel Wash Bulk Sludge 

Radionu- Ci uCi/mL Ci uCi/mL Ci uCi/mL Ci uCi/mL Ci uCi/mL Ci uCi/mL 
elide 

,~~~ ~·~~~#.~i~~~t 
Am-241 There is no K West There is no K West 4.83E+OO 1.07E+OO 7.13E+02 2.38E+02 l.31E+03 4.09E+02 2.03E+03 l.90E+02 
Bi-212 Floor Sludge Weasel Pitffech 0.OOE+OO 0.00E+OO 0.OOE+OO 0.OOE+OO 0.OOE+OO 0.OOE+OO 0.00E+OO 0.00E+OO 

Ce-144/Pr View/Dummy Pit Sludge 0.OOE+OO 0.OOE+OO 3.26E+0l l.09E+0l S.98E+0l l.87E+0l 9.24E+0l 8.64E+OO 
Cm243/244 0.OOE+OO 0.OOE+OO 3.0BE+0l l.03E+0l S.63E+0l l.76E+0l 8.71E+0l 8.14E+OO 

Co-60 9.87E-01 2.19E-Ol 4.06E+02 l.3SE+02 7.4SE+02 2.33E+02 l.lSE+03 1.08E+02 
Cs-134 0.OOE+OO 0.OOE+OO 1.34E+02 4.47E+0l 2.46E+02 7.69E+0l 3.80E+02 3.SSE+0l 
Cs-137 4.46E+0l 9.91E+OO 3.SOE+04 l.17E+04 6.42E+04 2.0IE+04 9.92E+04 9.28E+03 
Eu-lS2 0.OOE+OO 0.OOE+OO 2.66E+OO 8.87E-01 4.90E+OO l.S3E+OO 7.S6E+OO 7.07E-Ol 
Eu-lS4 9.87E-Ol 2.19E-01 3.33E+02 l.llE+02 6. I0E+02 l.91E+02 9.44E+02 8.82E+0l 
Eu-lSS S.42E-Ol l.20E-Ol 8.41E+0l 2.BOE+0l l.S4E+02 4.BIE+0l 2.39E+02 2.23E+0l 
Nb-94 0.OOE+OO 0.OOE+OO 0.OOE+OO 0.OOE+OO 0.OOE+OO 0.OOE+OO 0.OOE+OO· 0.OOE+OO 
Np-237 0.OOE+OO 0.OOE+OO l.S9E-Ol 5.30E-02 2.92E-Ol 9.13E-02 4.SIE-01 4.21E-02 
Pu-238 9.SBE-01 2. IJE-01 2.92E+02 9.73E+0l S.38E+02 l .68E+02 8.31E+02 7.TIE+0l 

Pu-239/240 S.84E+OO 1.JOE+OO 8.61E+02 2.87E+02 l.S8E+03 4.94E+02 2.4SE+03 2.29E+02 
. Ra-226 0.00E+OO 0.OOE+OO 0.00E+OO 0.00E+OO 0.00E+OO 0.OOE+OO 0.OOE+OO 0.OOE+OO 

Ru-106/Rh 0.00E+OO 0.OOE+OO 4.31E+0l l.44E+0l 7.90E+0l 2.47E+0l l.22E+02 l.14E+0I 
Sb-12S 0.OOE+OO 0.OOE+OO 1.85E+02 6.17E+0l 3.38E+02 1.06E+02 S.23E+02 4.89E+0I 
Sr-90 0.OOE+OO 0.OOE+OO 2.78E+04 9.27E+03 S.08E+04 1.S9E+04 7.86E+04 7.3SE+03 
TI-208 0.00E+OO 0.OOE+OO 0.OOE+OO 0.OOE+OO 0.OOE+OO 0.OOE+OO 0.OOE+OO 0.00E+OO 
Y-90 0.OOE+OO 0.OOE+OO 2.78E+04 9.27E+OJ S.08E+04 l.S9E+04 7.86E+04 7.3SE+03 

Pu-241 0.OOE+OO 0.00E+OO l.83E+04 6.I0E+Ol 3.3SE+04 l.0SE+04 S.18E+04 4.84E+03 
Ba-137 4.22E+0l 9.38E+OO 3.33E+04 l.llE+04 6.I0E+04 1.91E+04 9.43E+04 8.82E+03 

· v9\J~j~t 



Table 7 .2. Chemical Composition of K Basin Sludge Materials 

Sludce Type Aoor Pits N. Loadout Canister Fuel Wash Bulk Sludce 

Analyte k& uc/mL k& uc/mL k& uc/mL k& uc/mL k& uc/mL k& uc/mL 

,·, \ ·••< • 
{ . 

· • ) C ~ 13asin Sludce t.fter~ ts 
. .. 

•, • . 

···• \ ········ ·•·•·•·· 
,·. 

.. 
'' ••·,• ·•··•· •·• ·•· 

A& """'41.-- 9.80E--Ot 3.77E+0t .S .54E--Ot 3.77E+0I 0.OOE+OO 0.00E+OO 0.OOE+OO 0.OOE+OO 0.OOE+OO 0.OOE+OO I.S3E+OO 2.6IE+0I 
Al I.S2E+03 .S.8.SE+04 8.63E+02 .S .87E+04 3.63E+0t 4.84E+03 4.57E+OO 6. t8E+02 6.78E+OO 2. l2E+03 2.43E+03 4.13E+04 
B t.99E+0I 7.6.SE+0l 1.13E+0I . 7.69E+02 0.OOE+OO 0.00E+OO 1.73E-03 2.34E--01 2.41E--03 7.SJE--01 3.12E+0I .S .31E+02 
8a \00 l.47E+0I .S .6.SE+02 8.29E+OO .S .64E+02 4.BSE--01 6.47E+0I . 0.OOE+OO 0.00E+OO 0.OOE+OO 0.OOE+OO 2.3SE+0t 3.99E+02 
Be 6.86E--Ot 2.64E+0I 3.S7E--Ot 2.43E+0I 3.S3E--02 4.71E+OO 4.46E--Ot 6.03E+0I 6 . .S0E--01 2.03E+02 2.17E+OO 3.70E+0I 
Ca 8.61E+02 3.31E+04 4.86E+02 3.31E+04 2.7SE+0t 3.67E+03 0.OOE+OO 0.OOE+OO O.OOE+OO 0.OOE+OO t.37E+03 2.34E+04 
Cd I·" l.99E+OO 7.6SE+0I l.12E+OO 7.62E+0I 2.49E--Ot 3.32E+0t t .61E--03 2.l7E--Ot 2.41E-03 7.SJE--01 3.36E+OO .S .72E+0I 
Cr •, ::, 4.97E+0I l.91E+03 2.BIE+0I l.91E+03 .S.98E--OI 7.97E+0I 7.78E-0I t.0SE+02 I.ISE+OO 3.S9E+02 8.03E+ 0I t.37E+03 
Cu 2.46E+0I 9.46E+02 t.39E+0I 9.46E+02 l.26E+OO l.68E+02 4.4SE-0I 6.0IE+0I 6.60E--OI 2.06E+02 4.09E+0I 6.9SE+02 
Fe t.36E+04 .S .23E+0S 7.67E+03 S.22E+0S l.09E+02 l .4SE+04 2.47E+OO 3.34E+02 3.7SE+OO 1.17E+03 2.14E+04 3.64E+0S 
K 6.60E+0t 2.S4E+03 3.73E+0I 2.S4E+03 0 .OOE+OO 0.00E+OO 0.00E+OO 0.OOE+OO O.OOE+OO 0.OOE+OO 1.03E+02 1.76E+03 

Mc l.2SE+02 4.81E+03 7.08E+0I 4.82E+03 3.46E+OO 4.61E+02 l .48E--OI 2.00E+0I 2.lSE-01 7.03E+0I 2.00E+0l 3.40E+03 
Mn 2.S6E+0I 9.8SE+02 l.4SE+0I 9.86E+02 I.S0E+OO 2.00E+02 1.6IE--OI 2.17E+0I 2.40E--OI 7.S0E+0I 4.20E+0I 7. l4E+02 
Na 3.87E+02 t.49E+04 4.23E+0I 2.88E+03 l.97E+OO 2.63E+02 8. ISE--03 I.I0E+OO l.l0E-02 3.7SE+OO 4.llE.+02 7.33E+03 
Pb •_,.o 2.BIE+0I t.08E+03 1.S9E+0I t.08E+03 4.l0E--01 S.60E+0I 4.0BE--02 S.SIE+OO 6.0SE-02 l.89E+0I 4.4SE+0I 7.S7E+02 
Se 9.80E+OO 3.77E+02 S.S4E+OO 3.77E+02 0.OOE+OO 0.OOE+OO 3.2IE-03 4.34E--OI 4.65E--03 1.4SE+OO I.S3E+0I 2.61E+02 
Sm 9.80E+OO 3.77E+02 S.S4E+OO 3.77E+02 0.OOE+OO 0.OOE+OO I. 73E--02 2.34E+OO O.OOE+OO 0.OOE+OO I.S4E+0I 2.61E+02 
11 l .96E+0I 7.S4E+02 1.11 E+0I 7.SSE+02 0.OOE+OO 0.00E+OO 0.OOE+OO 0.OOE+OO O.OOE+OO 0.OOE+OO 3.07E +0I S.22E+02 
Zn S.43E+0I 2.09E+03 3.07E+0I 2.09E+03 1.07E+OO 1.43E+02 0.OOE+OO 0.OOE+OO O.OOE+OO 0.OOE+OO 8.61E+0I 1.46E+03 
Zr 2.76E+0I l.06E+03 I.S6E+0I l.06E+03 0.OOE+OO 0.OOE+OO 3.9SE+02 S.34E+04 S.90E+02 t.84E+0S l.03E+03 1.7SE+04 
u t.llE+04 4.27E+0.S I.IIE+03 7.SSE+04 4.72E+0I 6.29E+03 .S.64E+03 7.63E+0.S 8.38E+03 2.62E+06 2.63E+04 4.47E+0S 

Residue• 2. I0E+03 8.08E+04 2.41E+03 l .64E+0.S 0.OOE+OO 0.80E+OO 0.OOE+OO 0.OOE+OO 0.OOE+OO 0.OOE+OO 4.SIE+03 7.67E+04 



Table 7.2. Chemical Composition of K Basin Sludge Materials 

Shld&c Type Aoor Pits N. Loadout Canister Fuel Wash Bult Slud&c 

ts 

As There is no K West There is no K West O.OOE+OO O.OOE+OO O.OOE+OO 0.00E+OO O.OOE+OO O.OOE+OO O.OOE+OO 0.00E+OO 
Al Floor Sludge Weasel Pitffech 2.18E+OI 4.84E+03 3.70E+OO 1.23E+03 6.78E+OO 2.12E+03 3.23E+OI 3.02E+03 
B View/Dummy Pit Sludge O.OOE+OO O.OOE+OO l .31E-03 4.37E-Ot 2.41E-03 7 . .SJE-01 3.72E-03 3.48E-01 

Ba 2.91E-01 6.47E+OI O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 2.91E-OI 2.72E+OI 
Be 2.12E-02 4.71E+OO 3 . .S4E-01 1.18E+02 6.SOE-01 2.03E+02 t.03E+OO 9 . .S8E+OI 
Ca 1.6.SE+OI 3.67E+03 O.OOE+OO 0.00E+OO 0.00E+OO O.OOE+OO 1.6.SE+OI t.54E+03 
Cd I.SOE-OJ 3.33E+OI l.31E-03 4.37E-OI 2.41E-03 7 . .SJE-01 1.S4E-OI l .44E+OI 
Cr 3.S9E-OI 7.98E+OI 6.2.SE-01 2.08E+02 I.ISE+OO 3.S9E+02 2.13E+OO l.99E+02 
Cu 7.SSE-01 l.68E+02 3.61E-OI l.20E+02 6.60E-OI 2.06E+02 l.78E+OO l.66E+02 
Fe 6.S2E+OI l.4.SE+04 2.04E+OO 6.80E+02 3.7.SE+OO 1.17E+03 7.IOE+OI 6.63E+03 
K O.OOE+OO 0.00E+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 

M& 2.08E+OO 4.62E+02 l.21E-OI 4.03E+OI 2.2.SE-01 7.03E+OI 2.43E+OO 2.27E+02 
Mn 9.00E-01 2.00E+02 l.31E-OI 4.37E+OI 2.40E-OI 7.SOE+OI 1.27E+OO 1.19E+02 
Na I.IBE+OO 2.62E+02 6.S6E-03 2.19E+OO l.20E-02 3.7.SE+OO l.20E+OO 1.12E+02 
Pb 2.S2E-01 S.60E+OI 3.JOE-02 1.IOE+OI 6.0SE-02 l.89E+OI 3.46E-01 3.23E+OI 
Sc O.OOE+OO O.OOE+OO 2.SJE-03 8.43E-01 4.6.SE-03 1.4.SE+OO 7. IBE-03 6.71E-01 
Sm O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 
11 O.OOE+OO O.OOE+OO 0.00E+OO O.OOE+OO O.OOE+OO 0.00E+OO O.OOE+OO O.OOE+OO 
Zn 6.4.SE-01 1.43E+02 O.OOE+OO 0 .00E+OO 0.00E+OO 0.00E+OO 6.4.SE-01 6.03E+OI 
Zr O.OOE+OO O.OOE+OO 3.22E+02 1.07E+OS .S .90E+02 l.84E+OS 9.12E+02 8 . .S2E+04 
u 2.83E+OI 6.29E+03 4.S6E+03 I.S2E+06 l .38E+03 2.62E+06 1.30E+04 1.21E+06 

Residue• O.OOE+OO O.OOE+OO O.OOE+OO 0.00E+OO O.OOE+OO 0.00E+OO O.OOE+OO O.OOE+OO 
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Table 7.3. Radionuclide Composition of Worst-Case Shipment of K Basin Sludge 

Solids Composition, 
Radionuclide Ci/L of as-settled Basin Water Compo- Composition of As-

solids(a) sition, Ci/L of water shipped Sludge, Ci/L(bl 

Am-241 1.3E-01 7.8E-07 1.3E-01 
Bi-212 0.0E+OO 2.4E-05 l.7E-05 
Ce-144/Pr 2.2E-02 8.lE-02 7.9E-02 
Cm243/244 6.8E-03 7.8E-07 6.8E-03 
Co-60 5.2E-02 5.4E-04 5.2E-02 
Cs-134 l.5E-02 6.6E-04 1.6E-02 
Cs-137 5.0E+OO 3.9E-02 5 .0E+OO 
Eu-152 3.7E-04 8.8E-06 3.SE-04 
Eu-154 4.7E-02 1.9E-03 4.SE-02 
Eu-155 . 1.3E-02 2.0E-03 l.4E-02 
Nb-94 0.0E+OO 5.SE-04 3.9E-04 
Np-237 2.6E-05 4.SE-07 2.6E-05 
Pu-238 5.lE-02 2.0E-07 5.lE-02 
Pu-239/240 1.4E-01 2.0E-07 1.4E-01 
Ra-226 0.0E+OO 1.SE-02 l.0E-02 
Ru-106/Rh 2.0E-02 1.0E-02 ·2.7E-02 
Sb-125 2.7E-02 5.9E-06 2.7E-02 
Sr-90 3.8E+OO 7.4E-05 3.8E+OO 
Tl-208 0.0E+OO 2.0E-05 l.4E-05 
Y-90 3.8E+OO 7.4E-05 3.8E+OO 
Pu-241 2.8E+OO 0.0E+OO 2.8E+OO 
Ba-137m 4.7E+OO 7.4E-05 4 .69E+OO 
U-233<c> 7.3E-05 1.6E-09 7.3E-05 
U-234 4.0E-04 8.SE-09 4.0E-04 
U-235 1.2E-05 2.6E-10 1.2E-05 
U-236 2.SE-05 5.2E-10 2.SE-05 
U-238 2.6E-04 5.SE-09 2.6E-04 

(a) The worst-case solids composition was determined to be fuel wash sludge. 
(b) Assumed to be shipped as 30 vol% fuel wash solids and 70 vol% basin water. 
(c) Uranium isotopic compositions were calculated from uranium masses given in Table 7.5. The 

mass fractions of each isotope were calculated based on the isotopic mass fractions derived 
from characterization data in Makenas et al . (1996). 
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Table 7.4. Radionuclide Composition of Bulk Sludge (K East and K West) 

Solids Composition, Composition of Bulk 
Radionuclide Ci/L of as-settled Basin Water Compo- Sludge + Basin 

solids<•> sition, Ci/L of water Water, Ci/L (b> 

Am-241 4.9E-02 7.8E-07 l.5E-02 
Bi-212 0.0E+OO 2.4E-05 l.6E-05 
Ce-144/Pr 4.7E-03 8. lE-02 5.8E-02 
Cm243/244 2.3E-03 7.8E-07 6.9E-04 
Co-60 2.4E-02 5.4E-04 7.7E-03 
Cs-134 7.7E-03 6.6E-04 2.8E-03 
Cs-137 2.2E+OO 3.9E-02 6.8E-Ol 
Eu-152 l.7E-04 8.8E-06 5.6E-05 
Eu-154 2.lE-02 l.9E-03 7.SE-03 
Eu-155 5.3E-03 2.0E-03 3.0E-03 
Nb-94 0.0E+OO 5.SE-04 3.9E-04 
Np-237 1.0E-05 4.SE-07 3.4E-06 
Pu-238 2.0E-02 2.0E-07 5.9E-03 
Pu-239/240 5.6E-02 2.0E-07 l.7E-02 
Ra-226 0.0E+OO l.SE-02 l.0E-02 
Ru-106/Rh 4.8E-03 l.0E-02 · 8.6E-03 
Sb-125 l.2E-02 5.9E-06 3.SE-03 
Sr-90 l.7E+OO 7.4E-05 5. lE-01 
Tl-208 · 0.0E+OO 2.0E-05 l.4E-05 
Y-90 l.7E+OO 7.4E-05 5.lE-01 
Pu-241 l.2E+OO 0.0E+OO 3.SE-01 
Ba-137m 2.lE+OO 7.4E-05 6.2E-Ol 
U-233<c> 4.3E-05 l.6E-09 l.3E-05 
U-234 2.3E-04 8.5E-09 7.0E-05 
U-235 7.0E-06 2.6E-10 2. lE-06 
U-236 l.4E-05 5.2E-10 4.3E-06 
U-238 l.SE-04 5.SE-09 4.5E-05 

(a) Radionuclide composition of homogenized mixture of all K East and K West Basin sludges. 
(b) Assumed to be shipped as 30 vol% fuel wash solids and 70 vol% basin water. 
(c) Uranium isotopic compositions were calculated from uranium masses given in Table 7.5. The 

mass fractions of each isotope were calculated based on the isotopic mass fractions derived 
from· characterization data in Makenas et al. (1996). 
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Table 7.S. Chemical Analyte Concentrations in Worst-case K Basin Sludge 

As-Settled Sludge Basin Water Compo- Composition of As-
Analyte Composition, gtV•> sition, g/L shipped Sludge, g/Vb> 

Ag 3.8E-02 2.0E-04 1.lE-02 
Al 5.8E+0l 1.5E-03 1.8E+Ol 
B 7.7E-01 l .7E-03 2.3E-Ol 
Ba 5.7E-01 1.0E-03 1.7E-01 
Be 2.6E-02 l.0E-04 8.0E-03 
Ca 3.3E+0l 2.7E-02 . 1.0E+0l 
Cd 7.7E-02 2.0E-04 2.3E-02 
Cr 1.9E+OO 3.0E-04 5.7E-01 
Cu 9.5E-01 2.0E-04 2.8E-01 
Fe 5.2E+02 l .0E-03 1.6E+02 
K 2.5E+OO 0.0E+OO 7.6E-01 
Mg 4.8E+OO 2.0E-03 1.4E+OO 
Mn 9.9E-01 2.0E-04 3.0E-01 
Na 1.5E+0l 5.4E-02 4.5E+OO 
Pb 1.lE+OO 2.0E-03 3.3E-01 
Se 3.8E-01 0.0E+OO 1.lE-01 
Sm 3.8E-01 2.0E-03 ·L lE-01 
Tl 7.5E-01 4.0E-03 2.3E-01 
Zn 2.lE+OO 3.4E-04 6.2E-01 
Zr 1.lE+OO 2.0E-04 3.2E-01 
u 4.3E+02 2.0E-02 l.3E+02 
Residue<c> 8.lE+0l 0.0E+OO 2.4E+0l 
CN· 1.3E-03 5.5E-05 4.4E-04 
504·2 2.4E-05 1.6E-02 1.lE-02 
P04·3 2.4E-05 3.3E-03 2.3E-03 
NO3· 3.5E-05 2.2E-03 1.6E-03 
NO2· 1.4E-05 l .9E-03 l .3E-03 
c1· l .7E-05 6.2E-04 4.4E-04 
p- 1.lE-06 2.9E-04 2.0E-04 
NH3+ 7.5E-05 5.0E-03 3.5E-03 
PCB 3.0E-03 0.0E+OO 5.0E-04 

r'Lli = Pol· chlorinated bl >hen 'I y p y 
(a) The worst-case solids composition was determined to be fuel wash sludge. 
(b) Assumed to be shipped as 30 vol% fuel wash solids and 70 vol% basin water. 
(c) Residue assumed to be sand or SiO2 • 
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Table 7.6. Chemical Analyte Composition of Bulk Sludge (K East and K West) 

K-East As-settled K West As-settled Composition of Bulk 
Analyte Solids Composition, Solids Composition, Sludge + Basin 

gtV•> g/L Water, gfLCb> 

Ag 2.6E-02 0.0E+OO 6.7E-03 
Al 4.lE+Ol 3.0E+OO 1.lE+0l 
B 5.3E-01 3.SE-04 1.4E-01 
Ba 4.0E-01 2.7E-02 1.0E-01 
Be 3.7E-02 9.6E-02 1.4E-02 
Ca 2.3E+0l 1.5E+OO 6.0E+OO 
Cd 5.7E-02 1.4E-02 1.5E-02 
Cr 1.4E+OO 2.0E-01 3.6E-01 
Cu 6.9E-01 1.7E-01 1.8E-Ol 
Fe 3.6E+02 6.6E+OO 9.2E+0l 
K 1.8E+OO 0.0E+OO 4.4E-Ol 
Mg 3.4E+OO 2.3E-01 8.7E-01 
Mn 7.lE-01 1.2E-01 1.9E-01 
Na 7.3E+OO 1.lE-01 1.9E+OO 
Pb 7.6E-01 3.2E-02 1.9E-01 
Se 2.6E-01 6.7E-04 ·6.6E-02 
Sm 2.6E-01 0.0E+OO 6.SE-02 
Tl 5.2E-01 0.0E+OO 1.3E-01 
Zn 1.5E+OO 6.0E-02 3.7E-Ol 
Zr 1.7E+0l 8.5E+0l 8.4E+OO 
u 4 .5E+02 1.2E+03 1.7E+02 
Residue<c> 7.7E+0l 0.0E+OO 1.9E+0l 
TOC 1.4E+OO 1.4E+OO 4.3E-01 
CN· l.3E-03 l.3E-03 4.4E-04 
s04·2 2.SE-05 2.SE-05 1.lE-02 
P04·3 2.5E-05 2.SE-05 2.3E-03 
NO3· 3.SE-05 3.SE-05 1.6E-03 
NO2· 1.4E-05 1.4E-05 1.3E-03 
c1· l.7E-05 1.7E-05 4.4E-04 
p- 1.lE-06 l.lE-06 2.0E-04 
NH3+ 7.SE-05 7.SE-05 3.5E-03 
PCB 3.0E-03 3.0E-03 8.9E-04 

PCB = Polychlorinated biphenyl TOC = Total organic carbon 
(a) Chemical composition of homogenized mixture of all K East and K West Basin sludges .. 
(b) Assumed to be shipped as 30 vol% fuel wash solids and 70 vol% basin water. 
(c) Residue assumed to be sand or SiO2• 
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Table 7. 7. Toxic Chemical Screening Information<•> 

Likely Chemical Fonn 
or Compound(s) in 
Basic pH fonned by 

Analyte addition of NaOH Screening Results 

NO3· NaNO3 Not listed by ACGIH or NIOSH; common household 
chemical; not acute inhalation hazard. 

NO2 NaNO2 Not listed by ACGIH or NIOSH; common household 
chemical; not acute inhalation hazard. 

PO/ Na3P04, BiP04, AlP04 Not listed in ACGIH or NIOSH. 

p- NaF, HF, LaF3, metal Fluorides not acute inhalation hazard; generally toxic 
fluorides via ingestion pathway; compounds generally stable; 

hydrolysis of P- to HF not expected in sludge. 

Al Al(OH)3, AlP04, None of the Al compounds listed in WHC (1996c) 
NaAl(OH)4, Al2(CO3}3 were toxic via inhalation 

Ca Ca(OH)2, CaCO3 Commonly used and encountered chemicals; much less 
toxic than NaOH. 

Cd Cd(OH)2 Yes. Suspect carcinogen. 

Cr Two valence forms, Yes . Many chromium compounds are acute inhalation 
+3, +6. Cr(NO3)3, hazard; include Cr in the chemical consequence 
N~Cr04, Cr(OH)3 analysis. 

Cu Cu(OH)2 Yes. 

Fe Fe(OH)3, Fei(CO3}3, No. Not listed in ACGIH or NIOSH. 
Fe metal 

K KNO3 No. Not listed in ACGIH or NIOSH. 

Mg Mg(OH)i, MgCO3 No. Not listed in ACGIH or NIOSH. 

Mn MnO2 No. Not an acute inhalation hazard. 

Na NaOH, NaAlSi2O4 , Yes. NaOH also covers OH·. Other compounds not 
NaN03, NaNO2, listed in ACGIH or NIOSH. NaNO3 and NaNO2 
Na2SO4 addressed above. 
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Likely Chemical Form 
or Compound(s) in 
Basic pH formed by 

Analyte. addition of NaOH Screening Results 

PCB Arochlor-1254, -1258, Yes. 
-1262 

Pb Pb(OH)2 No. Inorganic lead does not exhibit acute exposure 
health effects. 

Zn Zn(OH)2 No. Not listed in ACGIH or NIOSH. 

Zr NaZrO No. Not very toxic. Other chemicals will dominate 
health effects. 

Ag Ag20 No. Chronic but not acute inhalation hazard. 

B N~B03, N~BcO, No. Not listed in ACGIH or NIOSH. Common 
household chemical. 

Ba Ba metal, Ba(OH)i, Yes. 
BaC03 , Ba(N03)i 

Be Be metal, Be(OH)2, Yes. Suspect carcinogen. 
Na2Be02 

Se Se metal, Na2Se04, Yes. 
Se02 , Se04 

Sm Sm metal, compounds No. Not listed in ACGIH or NIOSH. 

Tl NaTl(OH)4, Tl metal, Yes. 
Tl(OH)3 

CN· NaCN, HCN, FeCN No. Compounds quickly destroyed by radiolysis; free 
cyanide and HCN should not be present under tank 
conditions. 

· Total organic Many. Yes. Irritant and toxic. 
carbon (TOC) 

so..-2 N~so ... N~S03, No. Not listed in ACGIH or NIOSH; common 
household chemicals, food additives . 

u U metal, insoluble U Yes. Listed in NIOSH and ACGIH for toxic reasons 
compounds (heavy metal poisoning). 

c1· NaCl No. Common table salt; not hazardous. 

NH3+ NH3 Yes. Allcaline drives NH3 into vapor spaces. Toxic. 
NH,.NO3 Ammonium nitrate not listed by ACGIH or NIOSH. 
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Likely Chemical Fonn 
or Compound(s) in 
Basic pH fonned by 

Analyte addition of NaOH Screening Results 

OH· 

(a) 

Free hydroxide ion. Yes. Covered by NaOH. 

The following abbreviations were used in Table 7.5: 
ACGIH = American Conference of Government Industrial Hygienists 
NIOSH = National Institute of Occupational Safety and Health 
Based on WHC-SD-WM-SARR-011, Rev. 2, Appendix A (WHC 1996c). 

Rev. B 

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

Concentration Concentration Concentration 
Analyte g/L<•> Analyte gtV•> Analyte gfV•> 

Ammonia 3.52E-03 Barium (Ba 1.70E-01 Beryllium 7.99E-03 
(NH3) soluble) (Be) 

Cadmium 2.31E-02 Chromium 5.74E-Ol Copper (Cu) 2.84E-01 
(Cd) (Cr+3, cr+6 

sol.) 

Polychlorina- · 8.94E-04 Selenium (Se) l.13E-01 Sodium 4.47E+OO 
ted biphenyl hydroxide 
(PCB) (NaOH) 

Thallium (Tl) 2.29E-01 l.28E+02 

a 1pment consists o 

Unit Dose Calculations for K Basin Sludge Releases 

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

Radiological Unit Dose. The radiological unit dose represents the 50 year effective dose commitment 
to the onsite and offsite MEis from a release of one liter of K Basin sludge. The GENII computer 
code was used to develop these values, based on the input parameters and assumptions described in 
previous sections. The source compositions given in Tables 7.4 and 7 .5 were input to the computer 
code to detennine the unit doses. The code was implemented using 200 Area joint-frequency data 
(Schreckhise et al. 1993) and the direction and distance to the maximum exposed onsite and offsite 
individuals was specified (see above). GENII then perfonned the atmospheric dispersion, uptake, and 
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exposure calculations to derive the expected radiological dose from a release of 1 liter of sludge. 
Credit was then taken for plume meander but not building wake effects as indicated in WHC-SD
WM-SARR-016 (WHC 1996b). Also, as discussed previously, adjustments were made to the GENII
calculated Unit doses to incorporate the atmospheric dispersion coefficients developed in WHC 
(1996b). The resulting unit doses are shown in Table 7.9. 

For the purposes of comparing the radiological haz.ards of K Basin sludge and DST wastes, a 
Unit Liter Dose (ULD) was calculated for sludge and compared to similarly-derived ULDs for DST 
wastes (see WHC-SD-WM-SARR-016 and WHC-SD-WM-SARR-037) . Note that the ULDs are 
different than the unit sludge doses shown in Table 7. 9 as the ULDs do not include transport and 
uptake of the radionuclides. The ULDs were calculated by multiplying the radionuclide 
concentrations in Table 7 .5 (worst-case shipment of sludge) by their corresponding dose conversion 
factors (Sv/Bq) after appropriate units conversions and then summing across the radionuclides. Dose 
conversion factors for inhalation were taken from EPA (1988). The resulting sludge ULDs were 
5.49E+08 Rem/L for as-settled solids, l.63E+05 Rem/L for liquids (i.e., Basin water), and 
l.65E+08 Rem/L for composite solids and liquids at 30% as-settled solids. For DST wastes, the 
corresponding values are 5.3E+07, 6.lE+0S, and l.8E+07 Rem/L, respectively. It can be seen that 
the ULDs for sludge solids and composite solid/liquids are higher than their DST waste couterparts 
and the sludge liquids ULD is smaller than the ULD for DST liquids. The corresponding ULDs for 
bulk sludge are 6.5E+07, 6.1E+05, and 2.0E+0S Rem/L, respectively, which are not much 
different than DST waste ULDs. 

Toxic and Corrosive/Irritant Chemical Unit Dose. The unit doses for toxic chemical releases was 
calculated using different techniques than the radiological unit doses. For a continuous release of 
solid or liquid toxic or corrosive/irritant materials, the peak concentration should be calculated using 
the following equation: · 

where: C = Peak concentration, mg/ml 

C = Q 1 x X 
Q' 

Q' = Toxic material release rate, mg/sec 
xlQ' = Continuous release atmospheric dispersion coefficient, sec/ml. 

The puff release x/Q' should be used for an instantaneous release of solid or liquid toxic 
materials. The following equation is used to calculate the peak concentration for an instantaneous 
release of solid or liquid toxic material: 

where: C = Peak concentration, mg/ml 
Q = Toxic material released, mg 

C = Q x X 
Q 

x!Q = Puff release atmospheric dispersion coefficient, m•l 

Offsite and onsite peak concentrations of each chemical listed in Table 7. 8 were calculated for both 
puff and continuous releases. Separate calculations were performed for chemicals that are considered 
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Table 7.9. Radiological Unit Doses for Release of K Basin Sludge 

Unit Liter Dose, RemfL<•> 
Receptor MEI Location 

Without plume With plume 
meander<b> meander <c> 

Maxiiri.um ·•Inventory. Sludge (i;e;rfuel wash sludge) . : ./ 

Onsite 100 m east 2.0E+03 6.7E+02 

Offsite 8,760 m north l.6E+OO l.2E+OO 

lnilk Sludg; (Combinecl K East and, K :West l3~ili sludge materials) < ......... 
. .· .{: // 
. \: ,:. : / ·, .... ·.· ·.· ·.· . 

Onsite 100 m east l.5E+02 4.9E+0l 

Offsite 8,760 m north 1.2E-01 9.0E-02 

I a) .:,u year 
(b) Use for short duration releases (less than 1 hr) 
(c) Use for release durations from 1 to 24 hrs. 

to be toxic and those that are considered corrosive/irritant materials. Toxics and corrosives may be 
considered separately because the chemicals act independently and in different ways (WHC 1996c). 
Next, the peak concentrations were divided by the appropriate risk evaluation guidelines (PEL-TWA, 
ERPG-1 , EPRG-2, and ERPG-3) to calculate chemical~specific fractions of the guidelines. The sum 
of these fractions represents the unit dose, which is unitless. However, as long as the product of the 
release quantity (L) and the sum of fractions is less than 1.0, the toxic chemical exposure 
consequences would be below the risk evaluation guidelines. The values for the chemical-specific risk 
guidelines were taken from WHC (1996c) . The unit dose values calculated in this manner are 
dependent on the accident frequency because the risk evaluation guidelines vary by frequency 
category. Therefore, the reciprocals of the unit doses provide an estimate of the maximum release 
quantities or release rates that would limit the toxic chemical exposures to below the guideline for that 
frequency category. The toxic chemical unit doses, risk evaluation guidelines, sum of fractions, and 
maximum release information are presented in Table 7 .10. The spreadsheet used to calculate the 
values in the table is presented in Appendix D. 

7.2 DESIGN BASIS ACCIDENT ANALYSIS 

This section presents the detailed analyses of the design basis accidents identified in Chapter 
6. Separate subsections are provided for each of the design basis accidents. Each subsection includes 
an analysis of the frequencies and consequences of each accident scenario. Mitigated as well as 
unmitigated accident scenarios are addressed in each section. A comparison of the frequencies and 
consequences of each accident scenario is then made to the risk evaluation guidelines. In addition, 
each section lists the key parameters used and assumptions made in the frequency and consequence 
quantification process. Finally, each subsection addresses safety class SSCs and potential TSR 
controls. 
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Table 7.10. Toxic Chemical Unit Doses and Maximum Release Quantities and Release Rates 

Fraction of Risk Guidelines, Fraction of Risk Guidelines, 
Steady-state release Puff Release 

Antici- Extremely Antici- Extremely 
pated Unlikely Unlikely pated Unlikely Unlikely 

<:orrosives,ancf Iriitants/ Onsite: Receptor ·-•·•, 
.. -·- -- >•·· .« - - YJ': , .:m -- -i : ; <•':_:-··•-• .u,·-• ·<:. _::•··· ..... :::-·· .·.; ··-: . . ·.· . ·;; 

Ammonia (NH3) 2.61E--Ol l.31E--02 5.22E--03 7.54E--02 3.77E--03 l.51E--03 
Barium (Ba metal) · 8 .54E--Ol 4 .21E-02 l.69E--02 2.47E--01 1.22E--02 4.88E--03 
Chromium (Cr+3 metal) 7 .52E+OO 3.80E-01 1.52E--Ol 2.17E+OO 1. lOE--01 4 .38E--02 
Sodium hydroxide 7.68E+Ol 3.84E+OO 1.54E+OO 2.22E+Ol 1.llE+OO 4.44E--01 
TOC 4.57E--03 9.14E-04 2.74E--04 1.32E--03 2.64E--04 7.92E--05 

Sum of Fractions 8.54E+Ol 4 .27E+OO 1.71E+OO 2.47E+Ol 1.23E+OO 4 .94E--01 

Allowable Release 1.2E-02 2.3E-01 5.SE-01 4.lE-02 8.lE-01 2.0E+OO 

Units Liters per second Liters 

.Toxic .<;~emicals/ Omite ,Receptor :·•·•··· 
.. 

) ·::r;:•:, :./ < ;;;; ·<••··. : •. :-:..} .·.• : 
. :::._:_ : ·· _ _. .. ·.--: -: ,·.·-·,:,·.·-·-:·-:·<--- ,::-:·-:.: -·:-:/-·-; 

Beryllium (Be metal) 4 .54E+Ol l.09E+Ol 2.72E+OO 1.31E+Ol 3.15E+OO 7.87E--01 
Cadmium (Cd metal) 3.94E+OO 7 .88E--Ol 7 .88E--02 1.14E+OO 2.28E--Ol 2.28E--02 
Copper (Cu metal) 3.23E+OO l.94E+OO 3.87E--01 9.32E--Ol 5.59E--Ol l.12E--Ol 
Selenium (Se metal) 1.93E+Ol 9.64E+OO L93E+OO 5.57E+OO 2.78E+OO 5.57E--Ol 
Thallium (Tl metal) 2.60E+Ol 3.90E+OO 3.90E--Ol 7 .52E+OO l.13E+OO l.13E--01 
Uranium (U metal) 4.37E+03 4 .37E+02 2.18E+02 1.26E+03 l.26E+02 6.31E+Ol 
PCBs 2.03E--02 l.22E--02 6. lOE--03 5.87E--03 3.52E--03 l .76E--03 

Sum of Fractions 4 .42E+03 4 .52E+02 2.21E+02 l.28E+03 l.31E+02 6.39E+Ol 

Allowable Release 2.3E-04 2.2E--03 4.5E--03 7.SE--04 7.7E--03 1.6E--02 

Units Liters per second Liters 
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Fraction of Risk Guidelines, Fraction of Risk Guidelines, 
Steady-state release Puff Release 

Antici- Extremely Antici- Extremely 
pated Unlikely Unlikely pated Unlikely Unlikely 

.. 

Corrosives and Irritants; . Off site• Receptor ··.·. ·•:.·••::···••<? 

Ammonia (NH3) 2.17E-04 2.17E-04 l.0SE--05 8.73E-07 8.73E-07 4.36E-08 
Barium (Ba metal) 9.64E-03 7.09E-04 3.49E-05 3.88E-05 2.86E-06 1.41E-07 
Chromium (Cr+3 metal) 3.25E-02 6.24E-03 3.15E-04 l.31E-04 2.52E-05 l.27E-06 
Sodium hydroxide 6.37E-02 6.37E-02 3.19E-03 2.57E-04 2.57E-04 l.28E-05 
TOC 4.55E-06 3.79E-06 7.58E-07 l.83E-08 l.53E-08 3.06E-09 

Sum of Fractions l.06E-Ol 7.09E-02 3.55E-03 4.27E-04 2.86E-04 l.43E-05 

Allowable Release 9.4E+OO l.4E+0l 2.8E+02 2.3E+03 3.5E+03 7.0E+04 

Units Liters per second Liters 

:1'oxic Chemicals,•.•.Offsi.te. Receptor>·•·· · 

y ··········•··••·· 
·•·· .·.•··•·• ·• 

. ) : )?.::::::: .. . . . . . . . . . . . . 
•· 

... . /··· < ? } > .:.. .... • 

Beryllium (Be metal) l.13E-Ol 3.77E-02 9.04E-03 4.55E-04 l.52E-04 3.64E-05 
Cadmium (Cd metal) l.31E-Ol 3.27E-03 6.54E-04 5.27E-04 l.32E-05 2.63E-06 
Copper (Cu metal) 8.04E-03 2.68E-03 l.61E-03 3.24E-05 l.0SE--05 6.47E-06 
Selenium (Se metal) l.60E-02 l.60E-02 8.00E--03 6.45E-05 6.45E-05 3.22E-05 
Thallium (Tl metal) 6.48E-02 2.16E-02 3.24E-03 2.61E-04 8.70E-05 l.31E-05 
Uranium (U metal) l.81E+0l 3.62E+OO 3.62E-Ol 7.30E-02 l.46E-02 l.46E-03 
PCBs 5.06E-05 l.69E-05 \.0IE-05 2.04E-07 6.79E-08 4.08E-08 

Sum of Fractions l.82E+0l 3.67E+OO 3.75E-Ol 7.34E-02 l.48E-02 1.51E-03 

Allowable Release 5.SE--02 2.7E-Ol 2.7E+OO l.4E+0l 6.8E+Ol 6.6E+02 

Units Liters per second Liters 
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7.2.1 Transfer Line Spray Leaks 

The accident scenario addressed in this section is one where a leak occurs in the flowpath 
between the transfer pump on the Sludge Transportation System and the nozzle of the slurry 
distributor in the tank. This would include spray leaks from the transfer pump, connectors , and lines 
associated with the Sludge Transportation System as well as the connectors, lines, and jumper 
associated with the Sludge Receiving Station. A spray leak from these components would lead to a 
loss of containment of K Basin sludge during an offload operation. Such a scenario could occur as a 
result of component failures and human errors associated with the offloading system or by failures 
caused by a seismic event. 

Figures 3.3 and 3.4 illustrate the assumed preliminary layout for the Sludge Receiving Station 
for the accident analysis. From this layout, the schematic of Figure 7.2 has been constructed to 
provide the functional diagram for the transfer system accident analysis. As shown, it consists of the 
following 11 components in series from the sludge transportation container to the DST inlet nozzle 
feeding directly into DST A W-105: 

• A connector between the transportation container and the first double flex hose, 
• A double flex hose from the transportation container (via the connector) to the Transfer Pump 

(via the connector), 
• A connector between the first double flex hose and the Transfer Pump, 
• The Transfer Pump between the first and secm;1d double flex hoses (via the connectors), 
• A connector between the Transfer Pump and the second double flex hose, 
• A double flex hose between the Transfer Pump and the hose in pipe (via the connectors), 
• A connector between the second double flex hose and the hose in pipe, 
• A hose in pipe between the second double flex"hose (via the connector) and the Transfer 

Valve, 
• A Transfer Valve between the double pipe and the third double flex hose (via the connector), 
• A double flex hose between the Transfer Valve and the DST Inlet Nozzle (via the connector), 
• A connector between the third double flex hose and the DST Inlet Nozzle. 

The Transfer Line of the Sludge Receiving Station thus consists of five connectors, three double flex 
hoses, a transfer pump, a hose in pipe, a jumper, and a transfer valve. The operator(s) and 
supervisor responsible for assembling and ensuring the integrity of the Transfer Line will be trained 
in advance and follow a written procedure and checklist. 

The Transfer Line is provided with an automatic Leak Detection/Suppression System. It is 
assumed to remove power from the Transfer Pump via a circuit breaker upon detection of a leak 
anywhere along the Transfer Line. A conductivity probe will serve as the sensor, which will be 
connected to the circuit breaker via electrical wiring. Thus, for the accident analysis, the Leak 
Detection/Suppression system is modeled as consisting of a conductivity probe, circuit breaker, and 
connecting wires. 
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Figure 7 .2. Schematic of the Sludge Receiving Station 

Scenario Development 
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As discussed above, spray leaks may result from failures of the transfer system caused by a 
seismic event or by random failures of a hardware or human component of the transfer system. The 
total frequency of a spray leak scenario was postulated to be the sum of the frequencies of a moderate 
hazard seismic event and component/human failure events. The model that was developed to 
calculate the frequency of hardware/human failures leading to a spray release are discussed in this 
section. The frequency of a seismic event that could lead to failure of a connection and subsequent 
spray release is addressed later in this section. 

A leak of the Transfer Line occurs if any of the 11 components leaks, or if improper 
assembly by the operators (including failure to properly verify) compromises the integrity at one of 
the connections. Thus, there is a common-cause failure mode consisting of improper assembly AND 
verification error, and the following independent failure modes: 

• Leak of any of five connectors 
• Leak of any of three double flex hoses 
• Leak of the Transfer Pump 
• Leak of the hose in pipe 
• Leak of the Transfer Valve 
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A failure of Leak Detection/Suppression occurs via any of following: 

• Failure of the circuit breaker to open, 
• Failure of the conductivity probe (to sense a leak), 
• Short to power of connecting wires. 

Unmitigated Accident Scenario 

For the unmitigated accident scenario, a connector, joint, gasket, or seal in the transfer line or 
pump is postulated to leak. A release of sludge in the form of a spray results . The unmitigated spray 
leak was assumed to continue for up to 30 min. to reflect the approximate pumping time required to 
empty the shipping container. Resuspension releases were assumed to continue an additional 30 
minutes for a total release duration of 1 hr. This is different than the release duration assumptions 
used in the TWRS BIO (LMHC 1997) of 12 hr exposure to the onsite receptor and 24 hr for the 
off site receptor. This difference is appropriate given the much shorter ·pumping times for K Basin 
sludge and the fact that the K Basin sludge transfer operations will be continuously manned, leading 
to a much higher likelihood that a failure will be detected immediately and the transfer shut down. 

Unmitigated Accident Frequency 

The unmitigated accident scenario frequency is the sum of the hardware/human failure event 
frequency and the seismic event frequency . These are discussed separately below. The total 
unmitigated spray release frequency is provided at the end of this subsection. 

Hardware/Human Failure Events 

The primary data sources from which a representative set of failure probability distributions 
for the components and common-cause human error have been assembled are as follows : 

• Pelto, P., et al. 1982. Analysis of LNG Peakshaving Facility Release Prevention Systems. 
PNL-4153, Pacific Northwest (National) Laboratory, Hanford Site, Richland, Washington; 

• Benhardt, H., et al . 1994. Savannah River Site Human E"or Data Base Development for 
Non-Reactor Nuclear Facilities . WSRC-TR-93-581 , Westinghouse Savannah River Co., 
Savannah River Site, Aiken, South Carolina; 

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

• Green, A., and A. Bourne. 1972. Reliability Technology. Wiley-Interscience, New York, 
New York. 

The "raw" data for transfer line leak are as follows: 

• Connectors (pneumatic) have a failure rate for leak of 1.48E-06/hr (no range given), based 
on DP-1633; 

• Hoses have a failure rate for leak ranging from 4.0E-06/hr (lightly stressed) to 4.0E-05/hr 
(heavily stressed), based on Reliability Technology; 

• Pumps have a failure rate for leak ranging from lE-06/hr to lE-08/hr, based on 
PNL-4153; 
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Technology; 

• Valves have a failure rate for leak ranging from lE - 09/hr to lE-07/hr, based on 
PNL-4153; 
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• Human miscalibration has a "low" type failure probability (i.e., for a two-person team with 
an operator check) that is lognormally distributed with a mean of 0.003 and an error factor of 
10, based on WSRC-TR-93-581 (a miscalibration has been deemed the closest 
approximation to an assembly error from the WSRC-TR-93-581 data and will be used to 
represent this type of error, henceforth referred to as an "assembly error"); 

• Supervisor verification has a "low" type failure probability (i.e. , with a check-off sheet and 
low dependence) that is lognormally distributed with a mean of 0 .1 and an error factor of 3, 
based on WSRC-TR-93-581. 

These failure data have been corroborated with others deemed applicable and have been judged 
representative for this analysis . 

Following accepted practice in failure probability analysis, those failure rates not already 
defined as lognormally distributed have been assumed to be lognormally distributed, with median 
values given either by the provided point estimate (e.g. , 1.48E-06/hr for a connector) or calculated 
as the geometric mean (square root of the product) of the given lower and upper range values (e.g., 

· {[4.0E-06/hr][4.0E-05/hr]} 'h = 1.26E-05/hr for a hose). This yields the following median failure 
rates : 

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

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

Double flex hose = (1 .26E-05thr)./2 = l.18E - 07thr 

Double pipe = (2.00E -·07 thr)v'l = 3.36£ - 101hr 

Assuming an error factor of 10 (90% , two-sided confidence level) for all but the supervisor 
verification error (which has an error factor of 3 [90%, two-sided confidence level]), the following 
lognormal parameters have been estimated for the failures : 
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FAILURE MEDIAN MEAN STD DEV 

Connector Leak l.48E-06/hr 3.94E-06/hr 9.73E-06/hr 

Double Flex Hose Leak l.18E-07/hr 3.14E-07/hr 7.76E-07/hr 

Transfer Pump Leak l.OOE-07/hr 2.66E-07/hr 6.58E-07/hr 

Hose in Pipe Leak 3.36E-10/hr 8.95E-10/hr 2.21E-09/hr 

Transfer Valve Leak l .OOE-08/hr 2.66E-08/hr 6.58E-08/hr 

Assembly Error l.13E-03 3.00E-03 7.43E-03 

Verification Error 8.00E-02 1.00E-01 7.S0E-02 

It was assumed that, nominally, the transfer rate from the Sludge Transportation System will be 50 
gpm (0.2 m3/min; the pump is sized to transfer at 150 gpm but a lower nominal rate was assumed for 
conservatism). Therefore, a minimum of about 30 min will be required for the actual pumping 
operation. Allowing for variations, one hour seems a reasonably conservative assumption for the 
pumping time per transfer operation. Given Transfer Line leak as defined earlier, any of the 
following could lead to loss of sludge containment during a transfer: 

• Leak of any of five connectors 
• Leak of any of three double flex hoses 
• Leak of the Transfer Pump 
• Leak of the hose in pipe 
• Leak of the Transfer Valve 
• Common-cause assembly AND verification error 

Therefore, the mean probability of failure for a one-hour transfer operation has been approximated as 

Transfer Line Leak = 

= 
= 

[5(3.94E-06/hr) + 3(3.14E-07/hr) + 2.66E-07/hr + 
8.95E-10/hr + 2.66E-08/hr](l hr) + 
(3.00E-03)(1.00E-01) 
(2.09E-05/hr)(l hr) + 3.00E-04 
3.21E-04/transfer. 

The common-cause human error contributes over 90% (3.00E-04/transfer) to this overall probability 
of Transfer Line Leak. Even if the pumping time were doubled to two hours, the overall probability 
of failure would rise only to 3A2E-04/transfer, with the common-cause human error still 
contributing nearly 90%. Thus, the probability of Transfer Line leak appears fairly insensitive to · 
mission time. 

Using the lognormal parameters defined above for the component failures and human errors, 
the results from a 10,000-trial computer simulation for Transfer Line leak have been compared to the 
lognormal distribution formed from the product of the common-cause assembly and verification error 
lognormals, after increasing the approximate mean ([3.00E-03][1.00E-01] = 3.00E-04/transfer) 
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by 10% to (l.1)(3.00E-04) = 3.30E-04/transfer. This increase pennits bounding of the probability 
distribution for Transfer Line leak at the higher frequencies using just one lognonnal distribution. 
Results indicate that asswning Transfer Line leak is lognonnally distributed with a mean of 
3.30E-04, standard deviation of l.05E-03, median of 9.94E-05, and error factor of 12.8 (all 
derived from the product of human error lognonnals) yields a simple and conservative approximation 
at upper values to the simulated distribution using all the component failures and human errors. This 
should be expected since the common-cause human error dominates the overall probability. 

The probability of an unmitigated release during pumping is just that for a Transfer Line leak, 
approximately governed by a lognonnal distribution for the combined common-cause human errors. 
As calculated above, the mean probability of an unmitigated release for a one-hour pumping time is 
3.30E-04/transfer. Given the corresponding median of 9.94E-05/transfer and error factor of 12.8, 
a 95%, one-sided, upper confidence limit of (12.8)(9.94E-05) = 0.00127/transfer results. For 
approximately 40 total shipments over a one year period, the respective mean and 95 % upper bound 
are approximately (40/yr)(3.30E-:-04) = 0.013/yr and (40/yr)(0.00127) = 0.051/yr. Both lie within 
the Anticipated frequency category. 

A sensitivity evaluation was performed to examine the effects of the component failure rates 
used in the unmitigated accident frequency analysis. It was assumed that, during latter transfers in a 
long series of transfers, the non-human failure rates worsen by a factor of 10 due to component aging 
or other degradation mechanism. For the Transfer Line leak, the mean probability of failure rises 
approximately to: 

Transfer Line Leak = 

= 
= 

[5(3.94E-05/hr) + 3(3.14E-06/hr) + 2.66E-06/hr + 
8.95E-09/hr + 2.66E-07/hr](l hr) + 
(3.00E-03)(1.00E-01) 
(2.09E-04/hr)(l hr) + 3.00E-04 
5. 09E-04/transfer. 

The contribution from the component failures ·(2.09E-04) is no longer negligible compared to that 
from the common-cause human error (3 .00E-04). The governing probability distribution for Transfer 
Line leak no longer is covered by the 10% increase in the product of the common-cause human error 
lognonnals. It is necessary to detennine this governing distribution by simulation. The 10,000-trial 
computer simulation predicts a 95%, one-sided, upper confidence limit of 0 .00149/transfer. For a 
total of -40 transfers annually, the mean becomes (40/yr)(5.09E-04) = 0.02/yr and the upper limit 
is bounded by (40/yr)(0.00149) = 0.06/yr. Both lie within the Anticipated frequency category. 

Seismic Event Frequency 

The seismic event frequency used in this assessment is based on the design seismic event for a 
moderate hazard facility. At Hanford, this translates to a 0.12 g seismic event that has a mean 
recurrence interval of 1000 yr (annual frequency of lE-03/yr - see Chapter 5) . 

Total Unmitigated Spray Release Frequency 

The total unmitigated spray release frequency is the sum of the seismic event frequency and 
hardware/human failure event frequencies calculated above. Based on these data, the unmitigated 
spray release accident scenario has been assigned to the Anticipated frequency category. 
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Mitigated Accident Scenario 

The mitigated frequency of spray leaks was assumed to be the same as the unmitigated 
frequency, or Anticipated. No credit was taken for preventive measures. Credit is taken for 
suppression of the spray leak by the pump pit cover blocks, shielding placed over the fixed portion of 
the Sludge Receiving Station, and plastic bags placed over the flexible hose connections. However, 
this mitigates the consequences but has no effect on the frequency of spray leaks. 

The leak detection and pump shutoff capabilities were not credited in the mitigated accident 
frequency analysis because of uncertainty about the response time for conductivity-type leak detection 
probes. Since it would take an unknown amount of time to accumulate sufficient liquid to activate the 
conductivity probe, the leak detection system was not credited in the mitigated frequency analysis. 

Mitigated Accident Frequency 

As discussed above, the frequency of the mitigated spray leak scenario is Anticipated. 

7.2.1.2 Source Tenn Analysis 

The release scenario modeled here postulates that there is a break in the transfer system that 
results in a liquid spray. The consequences would be the same for a seismic-event-induced spray 
release and a hardware/human failure event. The methodology described in WHC-SD-WM-CN-048, 
Rev. 1 (Hall 1996a) was followed here to estimate the consequences of a spray leak. Appropriate 
adjustments were made to reflect K Basin sludge offloading system parameters as opposed to the 
modeled tank farm transfer system parameters (Hall 1~96a). 

Unmitigated Source Term 

Spray release accidents represent an efficient way to generate aerosols which can be 
transported large distances and impact potential health of exposed individuals. These spray leaks can 
result in significant exposures since a fraction of the aerosol generated is in the respirable particle size 
range. 

The SPRAY model (WHC 1994) was used to calculate the flowrate and particle size 
distribution of the aerosols generated in the unmitigated spray release. SPRAY determines the total 
leak rate and aerosol particle size distribution based on the dimensions of the orifice or crack that 
emits the spray, fluid pressure, fluid viscosity, and fluid density. The SPRAY code has a subroutine 
to iteratively solve for the orifice diameter or crack width that produces the maximum flow rate of 
aerosols below a requested size. This mode of running the SPRAY code was employed here. 

For this preliminary safety assessment, several SPRAY runs were made with varying viscosity 
and density values for K Basin sludge material to bracket the potential release quantities. The input 
parameters, including the ranges used for sludge viscosity and density, and the sources or bases for 
these parameters are provided in Table 7 .11. Note that many of the parameters are representative of 
2-in. diameter Schedule 40 pipe. 
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Table 7.11. Parameters Used in SPRAY Code Calculations 

Parameter Value Source or Basis 

Starting particle size, µm 10 Hall 1996a 

Initial slit width, in. 0.01 Hall 1996a 

Slit length, in. 2 Hall 1996a 

Slit or orifice depth, in. 0.154 Hall 1996a 

Reynold's number 2000 Hall 1996a. Code solves for this value . 

Differential pressure, psi 150 See Chapter 3 

Absolute surface roughness, in. 0.0018 Hall 1996a; value for steel 

Contraction coefficient 1 Hall 1996a; value for steel 

Velocity coefficient 0.82 Hall 1996a; value for square edge orifice 

Fluid density, g/cm3 1.5 - 2.3 Bergsman 1997 

Dynamic viscosity, cp 1, 5, 20 Estimated range 

Respirable diameter, µm 15 Hall 1996a. Incorporates particle size 
reduction resulting from evaporation. 

Ambient density, g/cm3 0.00122 Hall 1996a 

Wind speed, mis 1 Hall 1996a 

The results of the SPRAY calculations are presented in Table 7 .12. As shown, a total of 6 
cases are summarized in the table, made by varying across three assumed fluid viscosities and two 
fluid densities. The largest applicable values, highlighted in the table, were used in subsequent 
calculations. These were determined to be 3.35 gpm aerosol release rate and 0.025 gpm respirable 
release rate. The release duration was assumed to be equivalent to pumping time for the sludge 
transfer or about 30 minutes. Thus, for a 30 minute release, a total of 2.84 L (0. 75 gal) of 
respirable-size particles will be released. 

Mitigated Source Term 

As was done for the unmitigated source term, the method used to calculate the mitigated 
source term for K Basin sludge spray leaks was taken from Hall (1996a). It was assumed that cover 
blocks, shielding, and/or plastic covers will be placed over all connections between the shipping 
container and tank before a transfer is started. This prevents jetting of the fluid directly to the 
environment and also provides a stagnant air volume in which agglomeration or rainout of particles 
would be enhanced. The aerosols released to the environment would also be reduced by the tortuous 
path the particles would have to follow to penetrate the cover blocks, shielding, or plastic covers. 
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Fluid density, 
Case g/cml 

1 1.5 

2 1.5 

3 1.5 

4. 2.3 

5 2.3 

6 2.3 

Table 7.12. SPRAY Code Results 

Dynamic 
viscosity, cp 

1 

5 

20 

1 

5 

20 

Optimum 
crack 

width, in. 

4.5E-03 

3.6E-03 

7.lE-02 

4.4E-03 

3.2E-03 

6.4E-03 

Aerosol 
leak rate, 

gpm 

1.65 

1.68 

1.32 

1.20 

2.43 

Respirable 
aerosol leak 
rate, gpm 

0.0158 

0.0036 

0.0094 

0.0184 

0.0026 
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Respirable 
fraction 

0.0096 

0.0152 

0.0011 

0.0071 

0.0153 

0.0011 

The air expelled from pump pits or other covered locations would be limited in aerosol 
concentration to the quasi-stable aerosol loading limit of 100 mg/ml (Hall 1996a). This material was 
assumed to be expelled through gaps or openings in the covers. The mechanisms for. expelling 
aerosols include temperature/humidity increases resulting from the spray leak and displacement of the 
aerosol by liquid. The quantities of material released via these mechanisms are calculated in the 
following paragraphs. 

Temperature and Humidity Increase 

Psychrometric charts were consulted to estimate the volumetric change of the air in the AW-
105 pump pit due to increased temperature and humidity. The temperature and pressure in the pit 
would increase from 30°F and 15% relative humidity (RH) to 120°F and 100% RH (Hall 1996a). 
The specific volume of air at 30°F and 15% RH is 12.35 ftl/lb and at 120°F and 100% RH the 
specific volume is 16.7 ftl/lb . This results in a volumetric expansion of 0.35 pit volumes. The 
dimensions of the A W-105 valve pit are about 16 ft x 10 ft x 5 ft, resulting in a released volume of 
about 7.9 ml (280 ft3) of air containing aerosolized contaminants from the pit. 

Liquid Displacement 

As the spray leak continues, the pump pit will begin to fill with liquid, further displacing the 
air in the pit and forcing additional aerosol through the gaps and openings in the cover block. The 
lai;gest flowrate from the crack was shown in Table 7.12 to be 0.76 ml/hr (3.35 gpm). It was 
assumed that the liquid spilling into the pit would displace air at this rate. 

Total Release Quantities 

The total release quantity would be the sum of the respirable aerosol release from volumetric 
expansion and liquid displacement. The volume of air expelled from the pit by these mechanisms is 
then multiplied by the 100 mg/ml aerosol loading limit to determine the equivalent mass of K Basin 
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sludge released in the accident. This is converted to the equivalent volume of sludge using the range 
of sludge density values (1.5 to 2.3 g/cm3

) given in Table 7.11. 

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

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

Q = 
= 

[7.9 m3 + (0.76 m3/hr)(0.5 hr)](lOO mg/m3)(1 L/l.5E+06 mg) 
5.5E-04 L 

If the high density value (2.3 g/cm3) was substituted into the formula, a total release of 3.6E-04 L 
was calculated. Thus, the lower density value is the more conservative case. 

7.2.1.3 Consequence Analysis 

The consequences of the spray release were calculated as the product of the source term and 
the unit dose values presented in Table 7.9. The unit doses for short-duration releases (i.e., with 
plume meander) were used in the calculations. The mitigated and unmitigated consequences of the 
radioactive material release are presented in Table 7 .13 and for hazardous chemicals released are 
presented in Table 7 .14. Note that the consequences over the first hour were calculated using the unit 
dose for short-duration exposures (atmospheric dispersion coefficient without plume meander) and for 
the rest of the release were calculated using the longer-duration unit doses. These results do not 
include direct radiation exposures to a pool of liquid that could form as a result of the spray release. 
This is because the direct exposures to the pool are negligible in comparison to the inhalation and 
resuspension consequences of the spray release. Direct exposures to pools are included in the next 
section that addresses the consequences of pipe breaks that rapidly depressurize the transfer system 
and result in pool formation but not a significant spray release. Comparison to the risk evaluation 
guidelines are also presented in Tables 7.13 and 7.14. 

Key Parameters and Assumptions-Unmitigated Accident Analysis 

The key variables in the unmitigated accident analysis are described below: 

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

• Component failure rates for equipment under similar operating conditions were used where 
available. Generic component failure rates from the literature were used elsewhere. 
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Table 7 .13. Radiological Spray Leak Consequences and Comparison to Risk Evaluation Guidelines 

Frequency Analysis Radiological Dose to Receptor (rem) 
Scenario Category Result 

Onsite Offsite 

Unmitigated Anticipated Consequence 5,700 4.5 

Risk Guideline 5 0.5 

Comparison ABOVE ABOVE 

Mitigated Anticipated Consequence I.IO 8.8E-04 

Risk Guideline 5 0.5 

Comparison BELOW BELOW 

Table 7.14. Hazardous Chemical Spray Release Consequences and Comparison to Guidelines 

Frequency Release Quantity<•> 
· Scenario Category Analysis Result 

Onsite Offsite 

Unmitigated Anticipated Consequence l.6E-03 Lisee 1.6E-03 Lisee 
2.8 L 2.8 L 

Corrosives 1.2E-02 Lisee 9.4E+OO Lisee 
Guidelines 4.lE-02 L 2.3E+03 L 

Toxics Guidelines 2.3E-04 Lisee 5.5E-02 Lisee 
7.8E-04 L l.4E+0l L 

Comparison 
- Corrosives ABOVE BELOW 
- Toxics ABOVE ABOVE 

Mitigated Anticipated Consequence 3. lE-07 Lisee 3.lE-07 Usec 
5.5E-04 L 5.5E-04 L 

Corrosives 1.2E-02 Lisee 9.4E+OO Usec 
Guidelines 4.lE-02 L 2.3E+03 L 

Toxics Guidelines 2.3E-04 Lisee 5.5E-02 Usec 
7.8E-04 L 1.4E+0l L 

Comparison BELOW BELOW 
BELOW BELOW 

ta) Tne results and gu1dehnes are presented m terms of the auowable release rate m Lisee 
( continuous release) and release quantity in L (puff release), as described in Section 7 .1. 
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• Failure rates for the containment boundary components (pipes, pumps, and valves) that lead to 
spray releases were assumed to be representative of the failure rates of seals, flanges, and 
connectors between transfer system components. 

• Component failure rates were assumed to be lognormally distributed. 

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

Key Parameters and Assumptions-Mitigated Accident Analysis 

The key variables in the mitigated accident analysis are described below: 

• Credit was not taken for the leak detection system in developing the frequency or 
consequences of the mitigated accident scenario. 

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

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

7 .2.1.4 Comparison with Guidelines 

The comparisons to the risk evaluation guidelines were presented in Tables 7.13 (radiological) 
and 7 .14 (hazardous chemical). The onsite and offsite radiological exposures calculated for the 
unmitigated spray leak scenario were found to be above the risk guidelines. The radiological 
exposures are below guidelines in the mitigated scenario. The onsite MEI chemical consequences 
were shown to be above the risk evaluation guidelines for releases of toxic and corrosives/irritant 
chemicals for the unmitigated accident scenario but were below guidelines for the mitigated accident. 
The unmitigated consequences to the offsite MEI were found to be above guidelines for toxic 
chemical releases but below guidelines for corrosives/irritants. The mitigated toxic and corrosive 
consequences were below guidelines for both onsite and offsite MEis. 

7.2.1.5 

Safety SSCs 

Summary of Safety-Class SSCs and TSR Controls 

Safety classification of Systems, Structures, and Components are addressed in Chapter 8. · 

TSR Controls 

Credit was taken in the mitigated accident analysis for operators following appropriate written 
procedures with verification and for the mitigation of consequences by ensuring placement of pump 
pit cover blocks, concrete shielding over the fixed transfer lines, and plastic bags or covers over the 
flexible hose connectors. Controls requiring appropriate written operating procedures and trained 
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operators are required elements of this transfer. Procedures and training requirements are part of the 
TWRS safety programs described in Chapter 9. The procedures should provide the operators with 
information on how to establish the connections required to complete the transfer line flow path, how 
to verify the connection is leak tight, and how to test the connection prior to commencing sludge · 
offload activities . It would also be prudent to require operators to complete a pressure test of the 
transfer system prior to beginning the sludge transfer operation. This would provide verification that 
all connections are made appropriately. The operators should also be provided with spill stabiliz.ation 
capabilities to respond to a leak should one occur during a transfer. 

A control, such as a Limiting Condition for Operation (LCO) or Administrative Control 
(AC), should be established to ensure the offload system connectors are properly covered prior to 
initiating K Basin sludge offloading. This is the single most important control for this accident 
scenario. 

Defense in Depth 

Defense in depth items are addressed in Chapter 8. 

7 .2.2 Transfer System Ruptures/Pool Release 

This section describes the accident analysis for transfer line failures that lead to a pool release 
of K Basin sludge material . 

7.2.2.1 Scenario Development 

In this scenario, the transfer system fails abruptly, causing rapid depressurization of the 
system. Examples of events that could cause this would include double-ended guillotine pipe break or 
severe rupture of the transfer pump or a valve. This is somewhat different than the analysis of spray 
leaks described previously in that transfer system maintains pressure during the spray leak, which 
would most likely occur at a flange or seal, contributing to the driving force that aerosolizes the 
released material. In the pool release scenario, the released material is not under pressure so it will 
fall by gravity to the ground and form a liquid pool. Onsite and offsite exposures would result from 
radioactive and hazardous chemical materials resuspended from the liquid pool and from direct 
radiation emitted from the pool and from splashing and splattering effects. 

Unmitigated Accident Scenario 

This accident scenario is very similar to the spray release scenario addressed in Section 7 .2.1. 
In summary, it was postulated that a severe failure of the transfer system occurs while sludge is being 
pumped from the shipping container to the DST. "Severe" refers to the magnitude of the failure, 
which was assumed to rapidly depressurize the transfer system. After the system is depressurized, the 
sludge was assumed to flow out the failed component (pumping may continue to force material out of 
the system or it may flow out via gravity) and form a pool on the ground. No credit was taken for 
leak detection or suppression nor for leak collection provided by the spill retention basin. 
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Unmitigated Accident Frequency 

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

Mitigated Accident Scenario 

Mitigation measures that could be applied to this accident scenario include the leak detection 
and suppression capabilities included on the Sludge Transportation System and the Sludge Receiving 
Station, the spill retention basin, and the placement of pump pit cover blocks to retain aerosols 
fonned in the pump pit. Leak detection may occur as a result of operator observations of the failure 
or pool, actuation of leak detection instrumentation between the inner and outer containment 
boundaries, or actuation of area radiation alarms. Leak suppression consists of automatic or manual 
shutdown of the transfer pump. Due to uncertainties in the effectiveness of the leak detection system 
to rapidly detect and isolate leakage, no credit was taken for this system. A spill retention basin, 
located beneath the trailer, would collect spills in this area, preventing the released material from 
forming a pool on the ground. The spill retention basis is sized to accommodate the entire contents . 
of the Sludge Transportation System. Nominally, the volume of the basin is 28 ml (7500 gal.). 
However, this system was not credited in the unmitigated accident analysis. The pipe rupture may 
also occur in or drain into the AW-105 pump pit, in which case the leaked material would accumulate 
in the pump pit. The volume of this pit, about 23 ml or 800 ft3, is substantially larger than the 6 m3 

capacity of the Sludge Transportation System and thus would not overflow even if the entire contents 
of the Sludge Transportation System were to empty info the pit. Placement of the pump pit cover 
blocks would ensure the release quantities would be minimal. Therefore, for the mitigated accident 
analysis, it was assumed that the leakage would be collected in the spill retention basin for the 
purpose of estimating consequences. 

Mitigated Accident Frequency 

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

7.2.2.2 Source Tenn Analysis 

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

Unmitigated Accident Source Term 

The source tenn for the transfer system rupture event consists of two main elements: 1) 
aerosols fonned by splattering of sludge on the ground and resuspension of radioactive and haz.ardous 
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chemical materials from a pool formed as a result of the transfer system rupture; and 2) direct 
exposures to penetrating radiation emitted from the surface of the pool. The source terms, or release 
quantities, for these elements are calculated in this subsection. The methods and relevant data from 
the TWRS BIO (LMHC 1997) and supporting calculation notes (Hall 1996b) were used in this 
assessment. 

The unmitigated source term resulting from the transfer system rupture event was assumed to 
consist of the entire contents of the Sludge Transportation System, or 6 m3

• The released material 
was assumed to fall onto the ground and then form a pool and soak into the ground. Material would 
be aerosolized via splashing and splattering effects as well as resuspension from the liquid pool and 
resuspension from the contaminated soil after the material soaks into the ground. The releases from 
each of these phenomena are calculated in the following paragraphs. 

Release Due Splashing and Splattering: Sludge flowing out an opening in a pipeline or nozzle will 
splatter off the ground or an intervening piece of equipment if present. DOE-HDBK-3010-94 (DOE 
1994) gives splatter release fractions for free fall spills of slurries (3 m fall distance) that were based 
on actual experiments. The bounding respirable release fraction (DOE 1994) was 5E-04. This 
release fraction was applied to the entire contents of the shipping_ container as follows: 

Q (splatter effects) = (6m3)(1000 L/m3)(4E-05) = 0.24 L 

This would occur during the first 10 minutes of the accident, based on releasing the entire contents of 
the container at a maximum flow rate of 150 gpm. At a nominal flow rate of 50 gpm, this would 
occur during the first 30 minutes of the accident. 

Release Due to Resuspensionfrom Liquid Pool Formed°on the Ground: The spilled sludge was 
assumed to form a pool on the ground surface until the Sludge Transportation System is empty. 
Aerosols will be resuspended from the surface of the pool due to ripple/wave action. The release 
from the liquid pool was calculated using a resuspension flux of 2E-10 kg/m2 -sec (DOE 1994 and 
Hall 1996b). This flux is applied to the surface area of the pool to determine the release rate. The 
area of the pool was calculated using a spreading factor of 8.7/ft calculated by Hall (1996b) from an 
actual tank waste spill. The area of the liquid spill is then: 

Area = (6m3)(35 .31 ft3 /m3)(8. 7 /ft) = 1844 ft2 

Assuming the pool forms a circular area (Hall 1996b), the radius of the pool is: 

Radius of spill = 
= 
= 

(Spill areahr)112 

(1844 ft2/-r)112 

24 ft (7.4 m) 

Next, the resuspension flux was converted to a volumetric basis using the low end of the sludge 
density range (i.e., 1.5 g/cm3) for conservatism. The volumetric resuspension flux is therefore 
l.3E-10 L/m2-sec. The resuspension flux varies with time and was thus applied to the average spill 
area or one-half the maximum area, 922 ft2 (86 m2

). The resuspension release rate from the pool 
surface is then: 

Resuspension Rate = (1.3E-10 L/m2-sec) (86 m2
) = 1. lE-08 Lisee 
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The total resuspension release is the product of the resuspension rate and the length of time the liquid 
surface pool exists. It was assumed that the pool area would grow the entire time that liquid 
continues to spill from the broken transfer system. For conservatism, this was doubled so the total 
time available for this release mechanism is twice the nominal pumping time or approximately 60 
minutes ((1585 gal + 50 gpm] • 2 = 60 minutes) . Therefore, the total respirable release quantity is: 

Q (resuspension from pool) = 
= 

(l. lE-08 L/sec)(60 min)(60 sec/min) 
4E-05 L 

.Resuspensionfrom Contaminated Soil: After the shipping container.is empty and the flow of sludge 
stopped, the waste will soak into the ground. As the soil dries out, the contamination on the surface 
is subject to resuspension by wind blowing across the soil. The respirable release fraction for 
resuspension from contaminated soil surfaces was assumed to be 8.4E-05 over a 24 hr time period 
(DOE 1994 and Hall 1996b). Applying this release fraction to the 6 m3 released from the spill, the 
resuspension release from the soil surface is : 

Q (resuspension from soil) = (6 m3 )(1000 L/m3)(8.4E-05) = 0.50 L 

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

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

Mitigated Accident Source Tenn 

The mitigated source term was calculated assuming the aerosols generated by the leaking 
sludge is suppressed by the shielding and earth cover over the fixed transfer line, plastic bags or 
covers over the flexible line and connections, and then drains into and is contained within the AW-
105 pump pit or the spill retention basin of the Sludge Receiving Station. These components 
effectively prevent splattering and splash effects as well as formation of a pool on the ground surface 
(the pump pit and spill retention basin are larger than the volume of sludge in the shipping container). 
Therefore, the only mechanism for generating aerosols that become released to the atmosphere is 
resuspension from a liquid pool inside either the pump pit or spill retention basin. The release from 
this mechanism was calculated using the resuspension flux from a liquid pool calculated previously 
(i.e., l.3E-10 L/m2-sec) and the surface area of the spill retention basis, which is larger than the pool 
that would form in the pump pit and maximizes the release quantity. The surface area of the spill 
retention basin is about 54 m2 based on dimensions of 11 ft 9 in x 49 ft 3 in (see Chapter 3). 
Therefore, the release quantity over a 24 hr period was calculated as follows: 

Q (resuspension from basin) = 
= 
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(1.3E-10 L/m2-sec)(54 m2
) 

7 .0E-09 Lisee (24 hr)(60 min/hr)(60 sec/min) 
6E-04 L 
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7.2.2.3 Consequence Analysis 

The consequences of the pool release of K Basin sludge are delivered to the MEis in two 
ways: 1) direct radiation from the pool surface, and 2) exposure to airborne material resuspended 
from the pool of liquid. The contributions from these two elements are calculated separately below. 
The total consequences are the sum of the direct radiation dose and the dose from resuspension. 

Direct Radiation Dose 

The direct radiation dose from the pool of spilled liquid was calculated using the 
MICROSHIELD Version 5.01 and MICROSKYSHINE Version 1.17 computer codes (Grove 
Engineering 1996 and 1992, respectively). MICROSHIELD calculates the direct line-of-sight 
radiation dose rate and MICROSKYSHINE calculates the skyshine (reflected) radiation dose rate. 
Further information on these computer codes can be found in the references cited above. Input 
parameters used in the calculations are shown in Table 7.15. Note that the direct radiation dose rate 
from the surface pool was calculated only for the onsite MEI. Since direct radiation dose decreases 
as the square of the distance from the source and since the offsite MEI is located at such a large 
distance from the source and would be shielded by numerous intervening topographical features and 
structures, the external dose would be negligible. 

The results of the external dose rate calculations from the surface pool are as follows . First, 
MICROSHIELD calculated a line-of-sight dose rate with buildup of 52. 73 millirem/hr for the 
unmitigated release. This was increased by 14% to 60.11 millirem/hr to account for Bremsstrahlung 
radiation as indicated in Table 7.15. The corresponding dose calculated by MICROSKYSHINE' for 
the reflected radiation dose was 245.8 millrem/hr. This was increased to 302.3 millirem/hr to accout 
for Bremsstrahlung radiation. Therefore, the total dose rate for the onsite MEI was the sum of these 
or about 362.4 millirem/hr. The line-of-sight, skyshine, and total external radiation dose rate for the 
mitigated accident scenario were negligible, as the material would drain to the spill retention basin or 
pump pit and not form a pool on the ground surface. 

The total effective dose equivalent received by the onsite MEI is the product of the calculated 
dose rate and the amount of time that the onsite MEI would be exposed. For this assessment, the 
onsite MEI was assumed to be exposed to the external radiation emitted from the pool for an entire 
8-hr shift plus 4 hr overtime for a total of 12 hr. This is different than the 1-hr exposure duration for 
the aerosolized materials. In 2 hr, the aerosolized material will pass the receptor and no further 
exposure from this pathway occurs. However, the onsite worker may remain at the location for an 
additional time and would receive direct exposures for the entire time at this location. Therefore, the 
total Effective Dose Equivalent (EDE) for the unmitigated release was calculated to be 362.4 
millirem/hr • 12 hr = 4,348 millirem (4.35 Rem). 

Resuspension 

It was postulated that the radioactive and hazardous chemical materials in the spilled sludge 
becomes airborne via suspension of liquid material from the spilled pool. Material continues to be 
resuspended from the spilled pool of liquid (recovery time) until action can be taken to stop the 
suspension, such as covering or wetting the material after it dries. 
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Table 7.15. MICROSHIELD and MICROSKYSHINE Input Parameters for Calculating 
External Radiation Dose Rate From a Pool of Spilled Sludge 

Parameter Value 

Activity Source composition (Table 7 .3) multiplied by splatter and resuspension 
release quantities. 

Geometry MICROSHIELD: Cylinder volume - side shields. 
MICROSKYSHINE: Vertical cylinder area source behind a wall. 

Pool dimensions 14.8 m diameter by 3.5 cm deep, calculated using spreading coefficient 
of 8.7 fc1 (Hall 1996b). 

Material Soil with a density of 1.6 glee; water with a density of 0.3 glee; air-
with a density of 0.0122 glee. 

Maximum onsite Person located 100 m from the nearest edge of the pool; the dose was 
individual calculated at a height of 1.5 m (5 ft) off the ground, the approximate 

mid-point of the individual. 

Bremsstrahlung radiation To account for this radiation, the gamma dose rate calculated by 
MICROSHIELD was increased by 14% and that calculated by 
MICROSKYSHINE by 23 % . These factors were calculated from the 
gamma, Bremsstrahlung, and total radiation doses calculated by Hall 
(1996b). 

Other In MICROSKYSHINE, a small wall was assumed to be located between 
the source and receptor because MICROSKYSHINE does not allow the 
receptor to be in the direct line of sight of the source. 

The EDE from the aerosols resuspended from the surface pool was calculated by multiplying 
the release quantity (volume suspended) by the unit dose values given in Table 7.9. For 
conservatism, the unit doses for long duration releases (i.e., plume meander included) were used in 
the dose calculations due to the rather lengthy release. durations included in this scenario analysis . 
The results for the unmitigated release are: 

•· 
• 

Onsite MEI: 
Offsite MEI: 

0.74 L * 6.7E+02 Rem/L 
0.74 L * 1.2 Rem/L 

= 
= 

450 Rem 
0.89 Rem 

The doses from the. mitigated accident scenario were calculated as follows: 

• 
• 

Onsite MEI: 
Offsite MEI: 

6E-04 L * 6.7E+02 Rem/L 
6E-04 L * 1.2 Rem/L 
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Total Radiation Exposures 

The total radiation dose to the onsite and offsite MEis from the transfer system rupture event 
are the sum of the external radiation exposures from the surface pool (onsite MEI only) and the 
exposures from aerosol resuspension from the pool. The results are shown in Table 7 .16. 

Hazardous Chemical Exposures 

The consequences from the release of hazardous chemicals associated with the pool release are 
expressed in terms of the relationship between the aerosol release quantities and release rate calculated 
above and the allowable releases calculated in Section 7 .1 based on the inventories of hazardous 
chemicals in the source sludge material. The toxicological exposures are based on the maximum 
release rate, rather than total quantity. The maximum release rate for the. onsite receptor would be 
different than for the off site receptor. For the onsite receptor, the maximum release rate occurs while 
the sludge is being splattered or splashed on the ground. For conservatism, this release occurs over 
an approximately 30 minute time period (full shipping container pumped out at 50 gpm). The total 
release quantity from this phenomena was calculated to be 0. 74 L over this time frame for a release 
rate of 0 .008 L/min or l.3E-04 Lisee. For the offsite receptor, the maximum release rate occurs 
after the contaminated ground surface dries and sludge materials are subject to resuspension from the 
contaminated soil surface. Assuming that 50% of this material is resuspended during the first two hrs 
after the pool surface dries (Hall 1996b), the maximum release rate is approximately 3.SE-05 Lisee 
([0.50 L + 2 + 2 hr] * hr/60 min* min/60 sec) . 

For the mitigated release, the maximum release rate is the same for both onsite and offsite 
MEls as splashing and splattering effects have been pr~vented by the mitigation measures. Therefore, 
the maximum release rate would be about 4E-08 Lisee, assuming 50% of the resuspended sludge is 
released within the first 2 hrs after the accident. The calculated aerosol release quantities and release 
rates and their comparison to the risk evaluation guidelines are presented in Table 7 .17. 
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Table 7 .16. Total Radiation Doses from Transfer System Pool Release Accident 

Pathway and Radiological Dose to Receptor (Rem) 
Frequency Analysis 
Category Results Onsite Offsite 

Unmitigated Anticipated Direct 4.35 -0 

Aerosol 450 0.89 

Total Dose 454 0.89 

Guideline 0.5 0.1 

Comparison ABOVE ABOVE 

Mitigated Anticipated Direct -0 -0 

Aerosol 0.40 7.2E-04 

Total Dose 0.40 7.2E-04 

Guideline 0.5 0.1 

Comparison BELOW BELOW 

Key . Parameters and Assumptions-Unmitigated Accident Analysis 

The key variables in the unmitigated accident analysis are described below: 

• The frequency of transfer system ruptures was assumed to be the same as the frequency of 
spray leaks and also is consistent with the frequency assignments made by Hall (1996b). See 
that section for assumptions and parameters that were used to assign the spray leak frequency. 

• The ruptured transfer system was assumed to release the entire shipping container's contents 
onto the soil surface in the unmitigated scenario. 

• Soil characteristics in the AW tank farm were assumed to be similar to the soils used in the 
calculation of the spreading factor for liquid pools. 

• The onsite MEI was conservatively assumed to be exposed to the pool of spilled sludge for a 
12-hr period following the release. In the direct radiation dose analysis, it was assumed there 
are no intervening topographical features or structures between the source and receptor. 

• Credit was not taken for the capability of the spill retention basin and pump pit to collect and 
contain a release from the transfer system. In addition, credit was not taken for external dose 
rate reduction provided by the concrete covers and portable shielding over the transfer line. 
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Table 7.17. Hazardous Material Release Consequences and Comparison to 
Risk Evaluation Guidelines for the Pool Release 

Frequency Release Quantity<•> 
Category Analysis Result 

Onsite Offsite 

Unmitigated Anticipated Consequence l .3E-04 Lisee 3.SE-05 Lisee 
0.74 L 0.74 L 

Corrosives l.2E-02 Lisee 9.4E+OO Lisee 
Guidelines 4.lE-02 L 2.3E+03 L 

Toxics Guidelines 2.3E-04 Lisee 5.5E-02 Lisee 
7.SE-04 L 14 L 

Comparison 
- Corrosives ABOVE BELOW 
- Toxics ABOVE BELOW 

Mitigated Anticipated Consequence 4E-08 Lisee 4E-08 Lisee 
6E-04 L 6E-04 L 

Corrosives l.2E-02 Lisee 9:4E+OO Lisee 
Guidelines 4.lE-02 L 2.3E+03 L 

Toxics Guidelines 2.3E-04 Lisee 5.5E-02 Lisee 
7.SE-04 L 14 L 

Comparison BELOW BELOW 
BELOW BELOW 

ta) rne results and gu1delmes are presented m tenns of the allowable release rate m Lisee 
( continuous release) and release quantity in L (puff release), as described in Section 7 .1. 

Key Parameters and Assumptions-Mitigated Accident Analysis 

The key variables in the mitigated accident analysis are described below: 

• Credit was not taken for the leak detection system in developing the frequency of the 
mitigated accident scenario. 

• Credit was taken for the capability of the spill retention basin and A W-105 pump pit to collect 
and contain a release from the transfer system. Cover blocks over the pump pit and the spill 
basin structure were credited with suppressing splash and splatter effects from the spill. 

• It was assumed the external exposures from sludge collected in the spill basin or A W-105 
pump pit would be negligible. 
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7.2.2.4 Comparison with Guidelines 

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

7.2.2.5 

Safety SSCs 

Summary of Safety-Class SSCs and TSR Controls 

Safety SSCs are addressed in Chapter 8. 

TSR Controls 

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

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

Defense in Depth 

Defense in depth items are addressed in Chapter 8. 

7 ~2.3 Shipping Container Failure Without Fire 

The Sludge Transportation System includes an accident-resistant shipping container to contain 
the sludge materials during transport and sludge offloading activities. The shipping container, which 
has not yet been designed, is expected to be a cylindrical metal pressure vessel built to withstand 
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Type B, or equivalent, accident conditions. Type B shipping containers are designed to withstand the 
mechanical and thennal effects of the following test conditions, in sequence, as defined in 10 CFR 
71.73 : 

• Free drop from 9 m (30 ft) onto an essentially unyielding target (referred to here as the 
"impact test"). 

• Free drop from 1 m (40 in) onto a puncture probe ("puncture test"). 
• Exposure for 30 minutes to an 800°C (1475°F) thennal environment ("fire test") . 
• Exposure to water pressure equivalent to immersion under 15 m (50 ft) of water for not less 

than 8 hrs ("immersion test" - a slightly different immersion test is applicable to fissile 
material shipping containers). 

All of these tests are applied to the shipping container so as to produce the maximum damage (e.g., 
the orientation of the shipping container during the impact and puncture tests must be in a position for 
which maximum damage is expected). This applies to the structural components of the shipping 
container, such as the container walls, lids, and bottom, as well as penetrations through the 
containment boundaries, including valves, sampling ports, etc. Therefore, it can be concluded that 
there would be no release of material from the shipping container from minor vehicular accidents. 
Only relatively severe, and rarely encountered, accidents would cause a release of material from the 
transportation system, particularly when the traffic and environmental conditions at the tank farm are 
considered. This and the next section are intended to address potential accidents in the tank farm and 
not during transport from K Basins to the tank farm. The latter will be addressed in a Safety 
Analysis Report for Packaging (SARP) to be prepared for the Sludge Transportation System. 

The Sludge Transportation System is vulnerable_ to this accident scenario nearly everywhere 
within the tank farm. The transportation system would be vulnerable to collision accidents in which 
the vehicle strikes another vehicle or a fixed object within the tank farm. The collision accident may 
also be accompanied by a fire fueled by gasoline, diesel, or other hydrocarbon fuel used by the 
Sludge Transportation System tractor or other vehicle in the tank farm. The transportation system 
would also be vulnerable to failure from non-collision accidents, such as rollovers and fires not 
initiated by a collision. Such events could occur when the transportation system . is moving to or 
being positioned at the Sludge Receiving Station or after the trailer has been immobilized at the 
Receiving Station. The analysis in the following section does not address the movement of the empty 
transportation system from the Sludge Receiving Station to the tank farm gate after unloading as the 
risks would be substantially lower than accidents involving a loaded transportation system. 

Natural phenomena and extrinsic hazards may also affect the containment capabilities of the 
Sludge Transportation System. However, the risks (product of frequency and consequence) of these 
events leading to a release from the Sludge Transportation System were judged to be bounded by 
vehicular accidents for the following reasons: 

• Aircraft crashes involving the tank farm were shown to be beyond extremely unlikely; an 
aircraft crash during the time a sludge transportation system vehicle is at the tank farm would 
be a relatively small fraction of the tank farm aircraft crash frequency if the time at risk were 
considered. 

• Natural phenomena hazards, including floods, high winds, tornadoes, volcanic activity, 
lightning strikes, and snow events, were demonstrated in Chapter 5 to either have insignificant 
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effects on the containment capabilities of the shipping container or their frequencies are 
beyond extremely unlikely. 

• A severe seismic event would accelerate the ground under the Sludge Transportation System 
but would not directly apply a sufficient force to the shipping container to breach 
containment. The seismic event may cause a vehicle to collide with the Sludge Transportation 
System or structural debris to fall onto the shipping container; however, the seismic event 
frequency combined with the conditional probabilities that it produces conditions severe 
enough to fail the shipping container would be less than extremely unlikely. The ground 
acceleration could, however, cause failure of the connections between the transportation 
system and the transfer station; the consequences of such failures are addressed in Sections 
7.2.1 and 7.2.2. 

Consequently, accidents ini(iated by natural phenomena or extrinsic hazards are not addressed in this 
section. 

7.2.3 .1 Scenario Development 

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

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

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

• · Collisions with other vehicles included trains, automobiles, motorcycles, buses, and "soft" 
targets (e.g. , cones, pedestrians, animals) were combined into a single branch for this 
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analysis. Collisions with other vehicles was then divided into collisions with closing velocities 
greater than and less than the failure threshold velocity for the Sludge Transponation System. 
Collisions at velocities lower than the failure threshold would result in no release but a release 
could occur if the closing velocity is greater than the failure threshold. 

• Non-collision accidents addressed by Fischer et al. (1987) included off road accidents (impact 
into a slope, embankment, tree, or other offroad item), overturns, jackknifes, other events 
that involve mechanical loading, and fire-only accidents. Impacts into an embankment, slope, 
and tree were removed from the event tree as these items do not exist at the tank farm. 
Jackknife incidents were also removed because the probability of a jackknife accident at low 
speeds is extremely low. Furthermore, the damage from a jackknife accident occurs primarily 
as a result of the impact with the roadbed. The road surface within the tank farm is soil, not 
asphalt or concrete road surfaces that are much harder than soil, so a jackknife accident would 
also not cause failure of the shipping container. The remaining non-collision accidents that 
were incorporated into the event tree model were ovenurns, offroad accidents, and fire-only 
accidents. Other non-collision accidents were also included in the event tree but were 
combined into a single event, or branch, that does not result in failure of the shipping 
container. Mechanical damage from these events would be minimal due to striking "soft" 
targets or would be low speed impact events. · 

In addition, for the purposes of this study, the accident orientation or impact angle was 
removed as a variable from the analysis. It was assum.ed that all impact events that exceed that 
container failure threshold would result in shipping container failure regardless of the impact angle. 
This is a conservative assumption, given that the shipping container is more vulnerable to some 
impact orientations than others. For example, cylindrical shipping containers are more susceptible to 
impacts on the side or long axis of the container (impact angle = 90°) than they are to head-on 
impacts (impact angle = 0°). This means that larget closing velocities or higher hardness targets 
would be needed to cause container failure for some impact orientations. This was neglected from 
this study and the lowest closing velocity that could produce stresses above the failure threshold of the 
shipping container was used. 

The above information was used to "prune" the event tree in Fischer et al. (1987) to develop 
a tailored event tree for tank farm accidents. The event tree developed to model the shipping 
container accidents is presented in Figure 7.3. Note there are branches for non-collision (Sheet 1) 
and collision (Sheet 2) accidents and subsequent branches that further describe the mechanical and 
thermal conditions developed in the accident.. Each path through the event tree represents an accident 
scenario. Each accident scenario has an associated consequence or outcome. The outcomes are 
represented by qualitative descriptors in the event tree in Figure 7.3. These are defined as: 1) No = 
no release; Mechanical = mechanical release only (i.e., the release is not compounded by the 
thermal effects from a fire); 3) Thermal = releases of volatile and particulate materials as a result 
of the thermal effects of a fire); and 4) Mechanical Plus Thermal = release from mechanical impact 
plus the thermal effects of a long-duration fire. 

Unmitigated Accident Scenario 

The event tree analysis presented in Figure 7.3 represents the unmitigated accident scenarios. 
No credit is taken in the event tree for physical barriers or administrative controls, beyond the credit 
taken for the accident resistance provided by the Sludge Transportation System. The shipping 
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container, which will be a pressure vessel certified to American Society of Mechanical Engineers 
(ASME) Boiler and Pressure Vessel Code standards, is a passive barrier. Credit may be taken for 
passive barriers in the unmitigated accident analysis. No credit was taken for driver training and 
operating procedures which tend to reduce the accident rate for Hanford truck shipments relative to 
general commerce truck shipments. In addition, no credit was taken for Hanford-specific traffic and 
road conditions, such as significantly lower travel speeds in the tank farm relative to highway traffic, 
absence of "hard" objects (rock outcroppings, concrete ditch banks) and other barriers, and lower 
traffic volumes. As a result, the branch or conditional probabilities shown in the Figure are values 
taken directly from Fischer et al. (1987) , which are representative of highway traffic accidents 
involving tractor-trailer rigs in general commerce. 

Unmitigated Accident Frequency 

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

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

• 
•· 

•· 

• 

Vehicle Accident Occurs: 4.0E-06 accidents/km 
Accident is non-collision: 0.2588 (25.88% of all accidents do not involve collisions with 
other vehicles or with fixed objects). 
Non-collision accidents that are fire only: 0.0375 (3 .75% of all non-collision accidents 
involve only fire and do not involve impact or collision events) 
Fire environment is less than failure threshold of shipping container ( <Failure): 0.8551 

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

= 
= 

(4.0E-06/km) (0.2588) (0.0375) (0.8551) 
3.3E-08/km 

The frequencies of each scenario depicted in Figure 7 .3 were calculated using the approach 
outlined above. The accident frequency and conditional or branch probabilities were taken directly 
from several sources of traffic accident data or were derived from these and other sources. The 
values used in the event tree quantification process and their bases are presented in Table 7 .18. Note 
that some of the values in the table are assumed values. 
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Figure 7 .3. Event Tree - Unmitigated Sludge Transportation System Accidents (Sheet 1 of 2) 
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Figure 7.3. Event Tree - Unmitigated Sludge Transportation System Accidents (Sheet 2 of 2) 

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

The accident scenario addressed in this section focuses on mechanical releases only. 
Accidents that involve mechanical impact and fire or fire-only are addressed in Section 7.2.4. This 
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Table 7 .18. Branch-point Probabilities Used in Event Tree Quantification - Mitigated Case 

Parameter Value Source, ~is • 

Vehicle accident occurs 3. 98E-06/km Source: Fischer et al. (1987) . 
(6.4E-06/mi) 

Non-Collision Accidents (See Figure 7 .4, Sheet 1 of 2) 

Non-collision 0.2588 Source: Fischer et al. (1987) . Non-collision accidents 
were assumed not to result in mechanical failure of the 
shipping container. This is due to the low speeds in 
the tank farm and general absence of "hard" targets, 
including the roadway and embankments. 

Fire only 0.0375 Source: Fischer et al. (1987). 

Other 0.9625 Source: Fischer et al. (1987). This is determined by 
subtracting "Fire only" probability (0.0375) from 1.0. 

Off-road 0.1877 Source: Fischer et al. (1987) . Includes conditional 
probabilities of off-road accidents into a slope and into 
an embankment. Off-road accidents involving other 
targets (e.g., trees) were judged to be inconsequential 
to the shipping container. 

Overturn 0.3226 Source: ~ischer et al. (1987). Overturns were judged · 
to be ·the only roadbed impact events the shipping 
container is vulnerable to in tank farms. Jackknife 
accidents were ignored because vehicle speed in the 
tank farms is low. 

Other (no failure) 0.4897 Source: Fischer et al.· (1987). Obtained by subtracting 
the sum of the off-road and overturn conditional 
probabilities (see above) from 1.0. 

No fire in "Other" non- 0.988 Source: Fischer et al. (1987) . 
collision accident 

Fire occurs in "Other" 0.012 Source: Fischer et al. (1987) . 
non-collision accident 

<Failure 0.8551 Source: Fischer et al. (1987) . 

> Failure 0.1449 Source: Fischer et al . (1987). 

Collision Accidents (Figure 7.4, Sheet 2 of 2) 

Collision 0.7412 Source: Fischer et al. (1987) . 

Collision with other 0.8805 Source: Fischer et al. (1987) . 
vehicle 
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Parameter Value Source, Basis 

Collision with fixed 0.1195 Source: Fischer et al. (1987). 
object 

Soft object 0.4856 Source: Fischer et al. (1987). Value means that 
48.56% of all fixed-object collision accidents would 
involve a soft target that will undergo substantial 
yielding, thus resulting in little mechanical damage to 
the shipping container. 

Hard object < Failure 0.4525 Source: Fischer et al. (1987). Collision involves a 
hard object but mechanical damage insufficient to fail 
shipping container. 

Hard object > failure 0.019 Source: Fischer et al. (1987). Represents probability 
that collision with hard object is sufficient to cause 
mechanical failure of shipping container. 

V < 30mph 0.74353 Source: Fischer et al. (1987). 30 mph value chosen as 
approximate container failure threshold based on 
impact velocity obtained during 9 m (30 ft) free drop 
test condition. 

V > 30mph 0.25647 Source: Fischer et al. (1987). Calculated by 
subtracting 0.74353 probability of V < 30mph from 
1.0. 

No Fire (collisions with 0.98 Source: Fischer et al~ (1987); sum of the fractions of 
other vehicles) collisions with cars and other vehicles plus collisions 

with other non-fixed objects. 

Fire (collisions with other 0.02 Source: Fischer et al. (1987); complement of event 
vehicles) "No Fire (collisions with other vehicles). 

No Fire (collisions with 0.996 Source: Fischer et al. (1987). 
fixed objects) 

Fire ( collisions with fixed 0.004 No Fire (collisions with fixed objects); complement of 
objects) event "Fire (collisions with other vehicles). 

< Failure ( collisions with 0.8551 Source: Fischer et al. (1987); 
other vehicles below 30 
mph) 

> Failure (collisions with 0.1449 Source: Fischer et al . . (1987); complement of event 
other vehicles below 30 "< Failure (collisions with other vehicles below 30 
mph) mph) 

K Basin Sludge Safety Assessment 7.51 May 30, 1997 



Rev. B 

Parameter Value Source, Basis 

< Failure with fire 0.71 Complement of > Failure ( collisions with other 
( collisions with other vehicles at greater than 30 mph). See below. 
vehicles at greater than 
30 mph and collisions 
with hard fixed objects at 
less than the container 
failure threshold) 

> Failure with fire 0.29 Represents the fraction of collisions that exceed the 
( collisions with other thermal failure threshold of a mechanically-damage 
vehicles at greater than shipping container; asswned to be twice the probability 
30 mph and collisions that the failure threshold would be exceeded for an 
with hard fixed objects at undamaged shipping container (see > Failure without 
less than the container fire) 
failure threshold) 

< Failure (collisions with 0.5 Asswnption; means that 50 % of fixed object collisions 
hard fixed objects at that result in mechanical failure of the shipping 
greater than failure container will involve thermal environments that are 
threshold) below the thermal failure threshold of the shipping 

container. 

> Failure ( collisions with 0.5 Complement of > Failure (collisions with hard fixed 
hard fixed objects at objects ~ greater than failure threshold); means that 
greater than fa~lure 50% of fixed object collisions that result in mechanical 
threshold) failure of the shipping container will involve thermal 

environments that are above the thermal failure 
threshold of the shipping container. 

was done because it is recognized in most cases that mechanical (impact) accidents are more likely to 
occur than accidents involving fires yet their consequences are likely to be smaller. Thus, in order to 
ensure the risks (frequency and consequence) are adequately addressed, both types of vehicular 
accidents (i.e., impact only and fire with or without impact) are addressed. The frequencies of the 
two types of vehicular accidents were determined by summing the frequencies of the accident 
scenarios in each outcome bin. The accident scenarios and unmitigated accident frequencies in each 
outcome bin are summarized in Table 7 .19. The bin frequencies are also presented in the table. 

As shown in Table 7 .19, the frequency of mechanical (impact) accident scenarios ( outcome 
bin 3) was calculated to be 6.84E-07 per km traveled for the unmitigated case. The annual frequency 
of this bin is the product of the frequency per km and the annual shipping distance. The annual 
shipping distance is the product of the nwnber of shipments per year and the approximate one-way 
shipping distance within the tank farm. The one-way shipping distance within the tank farm was 
estimated to be approximately 400 m (0.4 km). Only the distance traveled by the loaded 
transportation system was included in this estimate. The annual nwnber of shipments was estimated 
by dividing the total sludge volwne to be shipped to the tank farm (total m3 of sludge) by the 
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Table 7.19. Unmitigated Accident Scenario and Outcome Bin Frequencies 

Outcome Bin Accident Sequences in Accident Sequence Total Outcome Bin 
Outcome Bin Frequencies (per km) Frequency (per km) 

1 Nl 3.30E-08 3.28E-06 
(No Release) N3 4.85E-07 

N4 3.16E-07 
N5 3.28E-09 
N7 1.84E-07 
N8 1.91E-09 
Cl l.89E-06 
C2 3.30E-08 
C7 1.70E-07 
C8 5.85E-10 

ClO l.59E-07 
Cll 4.53E-10 

2 N2 5.59E-09 1.24E-08 
(Thermal Only) N6 5.56E-10 

N9 3.23E-10 
C3 5.59E-09 
C9 9.92E-11 

C12 1.85E-10 

3 C4 6.52E-07 6.84E-07 
(Mechanical Only) C5 9.45E-09 

C13 2.17E-08 

4 C6 3.86E-09 3.95E-09 
(Mechanical Plus C14 4.36E-11 

Thermal) C15 4.36E-11 

shipment capacity (ml per shipment) and the estimated duration of the shipping campaign (yrs). 
Current estimates are that an approximate total of 360 ml (96,000 gal.) of sludge and basin water are 
to be transported over a 10 month shipping campaign. The Sludge Transportation System is currently 
projected to have a design capacity of 6 ml of sludge (including sludge solids and basin water). 
Therefore, the annual number of shipments was estimated to be: 

Annual shipments = 360 ml + 6 m3 /shipment 60 shipments/yr 

The annual frequency of outcome bin 3, which represents mechanical accidents that result in shipping 
container but do not involve fires, is as follows: 

Annual Frequency = 
= 
= 

K Basin Sludge Safety Assessment 

Bin 3 Frequency • Shipping Distance • Annual shipments 
6.84E-07 accidents/km• 0.4 km/shipment • 60 shipments/yr 
1.6E-05 accidents/yr 
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This would fall into the Extremely Unlikely frequency category. However, due to substantial 
uncertainties in the parameter values, which are generally believed to overstate the frequency, the 
scenario would be, at greatest, an Unlikely scenario in terms of the WHC-CM-4-46 definitions . 

Mitigated Accident Scenario 

The mitigated accident scenarios are the same as those shown in Figure 7.3. The differences 
between mitigated and unmitigated accident scenarios are in the conditional probability values shown 
in the Figure. The differences arise from two main sources: 1) Hanford-specific road and traffic 
conditions, and 2) driver training and qualification requirements. In addition, since an accident of 
this type and subsequent release would be detected immediately, it is believed that emergency actions 
to reduce the aerosol released to the atmosphere would be effective in mitigating the consequences. 

Hanford- and tank-farm-specific road and traffic conditions would generally be less conducive 
to transportation accidents than a general commerce truck shipment traveling on a public highway. 
The adjustments made to model Hanford traffic and road conditions are: 

• · The traffic accident rate used in the calculations was adjusted to the Hanford-specific traffic 
accident rate developed from actual Hanford vehicular accident data. The traffic accident rate 
used for the unmitigated conditions was based on heavy truck accident rates in general 
commerce. The use of Hanford-specific accident rates would incorporate the substantial 
experience of Hanford truck drivers on the actual roads to be driven at the tank farm as well 
as the additional job-specific training that would be given to the Hanford truck drivers 
delivering a sludge shipment to the tank farm. 

• The average and maximum vehicle speed in the tank farms would be substantially lower than 
traffic speeds on a public highway. This means that a much smaller proportion of collisions 
with other vehicles or objects would occur at closing velocities in excess of the failure 
threshold velocity of the sludge shipping container (assumed to be 30 mph based on impact 
velocity attained in the regulatory 9 m free drop test) than would occur on a public highway. 

• Road conditions in the tank farm are considerably different than public highway conditions. 
A few examples were cited above to "prune" the event tree to account for tank farm 
conditions, such as lack of bridges, tunnels, and many other potential "hard" targets. The 
probability of striking a "hard" target in the tank farms was adjusted to account for a smaller 
fraction of hard targets at tank farms than there would be on a public highway. 

The adjusted values of the affected accident rate and branch probabilities used in the mitigated 
accident case are discussed in the next section. The revised event tree illustrating the mitigated 
accident scenarios are presented in Figure 7 .4. 

Mitigated Accident Frequency 

Derivation of the adjusted parameter values used in Figure 7.4 is discussed in this section. 
As discussed above, the three areas in which adjustments to the event tree values included the traffic 
accident rate, proportion of accidents that involve closing speeds in excess of the sludge transportation 
system failure velocity, and the probability of striking a hard object. The mitigated scenario values 
for these parameters are derived in the following paragraphs. 

K Basin Sludge Safety Assessment 7.54 May 30, 1997 



ehicle Accidml V 
Ocow, 

24E-07 accidenla I. 
pll' km 

Non-Collilion 
0.2588 

Collilion 
0.7412 

Fire only 
0.037S 

Other (No failure) 
0.4197 

<>-tum 
0.3226 

Other 
0.9625 

Off'road 
0.1877 

Nofin, 
0.988 

Fire 
0.012 

No fin, 
0.981 

Fire 
0.012 

<Failure 
O.SSSI 

>Failure 
0.1449 

<Failwe 
O.BSSI 

>Failure 
0.1449 

<Failure 
0.8SSI 

>Failure 
0.1449 

Rev. B 

Sequence ClsmlllC 
Number 

NI No 

N2 

NJ No 

N4 No 

NS No 

N6 Thamol 

N7 No 

NB No 

N9 Thermal 

s.si-2 

Figure 7 .4. Event Tree - Mitigated Sludge Transportation System Accidents (Sheet 1 of 2) 

• Hanford-specific truck accident rate: WHC-SD-TP-RPT-021, Rev. 0,-Hanford Site Truck 
Accident Rate, 1990-1995, (Green, Flanagan, and Harris 1996) provides a quantitative 
analysis of the likelihood of truck accidents at the Hanford Site. While the report focuses on 
trucks carrying radioactive material shipments, all accidents resulting in personnel injury or 
death, or greater than a specified amount of property damage are considered in estimating the 
truck accident frequency. This report indicates that 6 truck accidents occurred at the Hanford 
Site from 1990 to 1995. Of these six, none involved a truck impact to a stationary object like 
a building, which is the predominant hard object in the tank farm. The truck accident rate is 
estimated to be less than l.2E-07 accidents/km (2.0E-07 accidents/mi). This value is the 
upper 95 % confidence interval (i.e., 95 % certain that the actual accident rate is less than this 
value) calculated by Green, Flanagan, and Harris (1996) . 

• Impact velocity greater than 30 mph: Due to conditions in the tank farms, it is far less 
likely to have a 30 mph impact accident there than on a public highway. Fischer et al. (1987) 
reported the probabilities of collisions with other vehicles at greater than 30 mph closing 
velocities is on the order of 25 % . However, these probabilities were derived from highway 
traffic accident statistics . Since highway traffic would travel at substantially higher speeds · 
than traffic in the tank farm, a higher proportion of the accidents on highways would occur at 
high speeds than would occur at a tank farm. Therefore, this value was adjusted downward 
to reflect the fact that vehicle speeds are much lower in the tank farm than they would on a 
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Figure 7.4. Event Tree - Mitigated Sludge Transportation System Accidents (Sheet 2 of 2) 

highway. The perimeter road to be used by the Sludge Transportation System is a short, one
way dirt road which is not conducive to high speeds. Furthermore, the transportation system 
will have to negotiate two 90° turns, further lessening the likelihood of high speeds. There is 
also a bermed area across the road that would further restrict vehicle speeds. Based on these 
observations, it was assumed that there is only about a 5 % likelihood that a vehicle-vehicle 
collision in the tank farm would occur at impact velocities above 30 mph. 

• Hard and soft object impact: The likelihood of striking a "hard" object, such as concrete 
barrier, bridge abutment, rock outcropping, etc., in the tank farm is much smaller than 
striking such an object on a public highway. There are few "hard" objects in the tank farm. 
The only objects that possess the characteristics of a hard object would be the ventilation 
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system and control buildings located on the perimeter of the tank farm. For this analysis , it 
was assumed that the probability of striking a hard object is 0.05. Of this, it was assumed 
that 80% of the hard targets would absorb sufficient impact energy through structural 
deformation that the sludge container would not fail. For example, the control building 
structure would absorb some of the impact energy should it be struck by the sludge shipping 
container. Therefore, it was assumed that the fraction of impacts with hard objects that result 
in cask failure is 0.01 (20% of 0.05) and the remaining 0.04 (80% of 0 .05) would not result 
in structural failure of the shipping container. This means that 1 % of collisions with fixed 
objects would involve sufficient impact velocity and target hardness to result in failure of the 
shipping container. Four percent of fixed object collisions in the tank farm would result in 
impact with a hard object that absorbs enough impact energy that the shipping container 
failure threshold would not be reached. 

These adjusted values were substituted into the event tree (see Figure 7.4) to calculate the 
mitigated accident frequency. As with the unmitigated scenario frequency, this section is only 
interested in mechanical failures of the shipping container (outcome bin 3; combined thermal and 
mechanical failures are addressed in the Section 7 .2.4). The results of the mitigated accident 
frequency calculations for all 4 outcome bins are presented in Table 7.20. As shown, the frequency 
of outcome bin 3 was calculated to be 4.14E-09 accidents/km. As was done for the unmitigated 
frequencies, this value was multiplied by the approximate annual vehicle mileage to calculate the . 
annual frequency of an accident in this outcome bin. Assuming there will be approximately 60 
shipments/yr at an average one-way shipping distance of 0.4 km (shipping distance within the tank 
farm), the annual frequency is: 

Annual Frequency = 
= 
= 

Bin 3 Frequency • Shipping Distance • Annual shipments 
4.14E-09 accidents/km• 0.4 km/shipment *60 shipments/yr 
9.9E-08 accidents/yr 

This is within the Beyond Extremely Unlikely (less than lE-06 accidents per year) accident frequency 
category. Uncertainties in the values used in the calculations are not anticipated to drive the 
frequency into the Extremely Unlikely frequency category because of the number of bounding 
assumptions made in the analysis. · 

7.2.3.2 Source Term Analysis 

This section calculates the aerosol release from the sludge shipping container that could result 
from a non-fire vehicular accident event. 

Unmitigated Accident Source Term 

The release source term for the unmitigated radiological release would be the same as that for 
rupture of the transfer line, given that the entire shipping container contents was assumed to be 
released and form a liquid pool and then soak into the soil. Release mechanisms would include 
splash/splatter effects, resuspension from a liquid pool, and resuspension from the ground surface 
after the sludge has soaked into the soil. The total unmitigated release quantity would then be 0. 74 L 
of worst-case K Basin sludge. The maximum release rate used in toxicological calculations would be 
4E-04 Lisee for the onsite MEI and 4E-05 Lisee for the offsite MEI. 
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Table 7 .20. Mitigated Accident Scenario and Outcome Bin Frequencies 

Outcome Bin Accident Sequences in Accident Sequence Total Outcome Bin 
Outcome Bin Frequencies (per km) Frequency (per km) 

1 Nl l.03E-09 l.20E-07 
(No Release) N3 l.S2E-08 

N4 9.87E-09 
NS l.02E-10 
N7 S.74E-09 
N8 S.96E-11 
Cl 7.SSE-08 
C2 1.32E-09 
C7 l.04E-08 
C8 3.S8E-11 

· c10 4 .39E-10 
Cll 1.25E-12 

2 N2 1.7SE-10 4.32E-10 
(Thermal Only) N6 1.74E-11 

N9 l.0lE-11 
C3 2.23E-10 
C9 6.06E-12 

C12 S.llE-13 

3 C4 3.97E-09 4 .14E-09 
(Mechanical Only) cs S.76E-11 

C13 1.lOE-10 

4 C6 2.35E-11 2.40E-11 
(Mechanical Plus C14 2.20E-13 

Thermal) C15 2.20E-13 

Mitigated Accident Source Tenn 

Rapid and effective emergency response measures is a potential way to reduce the quantity of 
sludge aerosolized as a result of this accident. Mitigation of the source term for this accident would 
involve steps to control the amount of material released via the resuspension mechanism. These steps 
could include actions to stabilize the spill area by wetting, covering, or turning over the contaminated 
soil to prevent it being picked up and suspended by wind action. Finally, the contaminated soil in the 
spill area would be removed and disposed to prevent further exposures. 

It was assumed that effective emergency response to this accident could occur within 2 hrs. 
Resuspension releases after this 2-hr period was assumed to be stopped. In section 7.2.2, the 
resuspension release from contaminated soil was calculated assuming over a 24 hr period that the 
fraction of material resuspended in respirable form was 8.4E-OS The release quantity from the 
mitigatec;l accident scenario would then be: 
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Q (mitigated) = 
= 

(6 m3)(1000 L/m3)(8.4E-05/24 hr)(2 hr) 
0.04 L 

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

The consequences of the mitigated release were calculated by combining the direct radiation 
exposures and inhalation doses from the aerosol release. The direct radiation doses calculated in 
Section 7 .2.2 for the pool scenario were calculated to be 0.03 rem onsite and negligible offsite. The 
inhalation dose calculated below is added to this result: 

Inhalation dose ( onsite) 

Inhalation dose (offsite) 

= 

= 

(0.04 L)(2000 rem/L) = 

(0.04 L)(l .6 rem/L) = 

80 rem 

0.06 rem 

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

The consequences of a release of hazardous chemical materials is expressed in tenI1S of the 
total release quantity and release rate of sludge resulting from the transportation ·accident release. For 
conservatism, the release quantities and release rates of hazardous chemicals from this transportation 
accident were assumed to be the same as the unmitigated release source teilllS from the liquid pool 
release. This neglects the effects of emergency response actions on the hazardous chemical releases. 
The results are presented in Table 7 .22. In addition, Table 7 .22 presents a comparison to the risk 
evaluation guidelines. 

Key Parameters and Assumptions-Unmitigated Accident Analysis 

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

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

• · The unmitigated accident rate was assumed to be the same as the highway accident rate for 
general commerce heavy truck shipments. No credit was taken for job-specific procedures 
and training provided to Hanford truck drivers nor their familiarity with the road and traffic 
conditions in the tank farm. 
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Table 7.21. Total Radiation Doses from Sludge Shipping Container Accident Without Fire 

Pathway and Radiological Dose to Receptor (Rem) 
Frequency Analysis 
Category Results Onsite Offsite 

Unmitigated Unlikely Direct 0.03 -0 

Aerosol 1.5E+03 1.2 

Total Dose 1.5E+03 1.2 

Guideline 5 0.5 

Comparison ABOVE ABOVE 

Mitigated Extremely Direct 0.03 -o 

1a) 

Unlikely 
Aerosol 80 0.06 

Total Dose 80 0.06 

Guideline NN•> NA<•> 

Comparison ABOVE BELOW 

Risk evaluation gu1dehnes for accidents mat are below extremely unlikely {1.e., frequency less 
than lE-06/yr) have not been established. It was assumed here that mitigation measures 
applied to this accident scenario, which cause the frequency to be less than extremely 
unlikely, would result in an acceptably low risk. 

• No credit was taken for Hanford-specific target hardness information. Routes representative 
of public highways were used in the unmitigated scenario analysis. 

• No credit was taken in the unmitigated scenario analysis for radiation monitoring and leak 
detection capabilities which could reduce release quantities by accelerating the time taken to 
detect and recover from a failed shipping container. 

Key Parameters and Assumptions-Mitigated Accident Analysis 

The following assumptions and key parameter values were used in this analysis. 

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

• - It was assumed that the shipping container accidents that have impact velocities below 30 mph 
would not result in mechanical failure of the Sludge Transportation System. This was based 
on the impact velocity attained during the 9m free drop required for package certification. 
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Table 7 .22. Hazardous Material Release Consequences and Comparison to 
Risk Evaluation Guidelines for the Transportation 

Accidents Not Involving Fires 

Frequency Release Quantity<•> 
Category Analysis Result 

Onsite Offsite 

Unlikely Consequence 4E-04 Lisee 4E-05 Lisee 
0.74 L 0.74 L 

Corrosives 0.23 Lisee 14 Lisee 
Guidelines 0.81L 3.5E+03 L 

Toxics Guidelines 2.2E-03 Lisee 0.27 Lisee 
7.7E-03 L 68 L 

Comparison 
- Corrosives BELOW BELOW 
- Toxics ABOVE BELOW 

Beyond Consequence 4E-04 Lisee 4E-04 Lisee 
Extremely 0.74 L 0.74 .L 
Unlikely 

Corrosives 5.SE-01 Lisee 280 Lisee (Guidelines given 
are for Extremely Guidelines 2L 7E+04 L 

Unlikely Toxics Guideliries 4.5E-03 Lisee 2.7 Lisee 
scenarios) 0.016 L 660 L 

Comparison BELOW BELOW 
BELOW BELOW 

1a) rne results and guidelmes are presentea m terms ot tne allowable release rate m Lisee 
( continuous release) and release quantity in L (puff release), as described in Section 7 .1. 

• It was assumed in the mitigated accident frequency calculations that less than 5 % of the 
surface area at the tank farm comprises a "hard" object; i.e., an object that would not deform 
substantially as a result of a vehicular impact. 

• It was assumed that driver experience and training on Hanford roads and within the tank farm 
would result in a lower accident rate than would be experienced by drivers of heavy trucks on 
public highways. 

• • It was assumed that there is a 30 mph or lower speed limit in the tank farm (mitigation 
measure). 

• It was assumed that emergency procedures and equipment would be available to mitigate a 
potential spill of K Basin sludge from a transportation accident. This will reduce the release 
duration by halting the resuspension of aerosols from the liquid pool. 
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7.2.3 .4 Comparison with Guidelines 

Table 7.21 presents a comparison of the accident scenario frequencies and radiological . 
consequences calculated in this section to the risk evaluation guidelines provided in WHC-CM-4-46, 
Rev. 1. As shown, the unmitigated consequences to the maximum onsite and off site individuals are 
above the risk guidelines for an Unlikely accident frequency categories . Since the applied mitigation 
measures were demonstrated to reduce the accident frequency to Beyond Extremely Unlikely, the 
mitigated consequences were interpreted to be below guidelines . 

The hazardous chemical consequences shown in Table 7 .22 were above risk evaluation 
guidelines for the unmitigated accident scenario and below the guidelines (Extremely Unlikely 
guidelines were used even though the mitigated scenario frequency was demonstrated to be Beyond 
Extremely Unlikely) for mitigated scenario for both receptors. Thus, controls that reduce the accident 
frequency would still be required, similar to the conclusions derived from the comparisons to 
radiological risk guidelines . 

7.2.3 .5 

Safety SSCs 

Summary of Safety-Class SSCs and TSR Controls 

A preliminary Safety Class Evaluation was performed to support the designation of safety
related systems, structures, and components. The evaluation is presented in Chapter 8. 

TSR Controls 

The following items were determined to be candidates for TSR controls. Final TSRs will be 
prepared following completion of the shipping container and offload system design activities . 

• A 30 mph maximum speed in the tank farm was assumed in the accident analysis. The speed 
limit would limit damage to the Sludge Transportation System during a vehicular collision and 
during collisions with fixed objects. The actual speed limit may be lower but a 30 mph 
maximum speed would prevent mechanical damage to the shipping container in most instances 
that exceeds the container's failure threshold. 

• The Sludge Transportation System and the tank farm were assumed to be equipped with spill 
stabilization capabilities to limit the amount of material suspended from a pool of spilled 
liquid. This capability was assumed to reduce the time to recover from a spill and stabilize 

. the spill area to halt resuspension from the spill area to 2 hr. An emergency response and 
spill contingency plan is recommended. In addition, tank farm operations would need to 
ensure materials and equipment to stabilize the spill would be readily available. 

• · Administrative controls involving preparation of truck operating procedures and driver 
training specific to delivery of sludge shipments to the tank farm were assumed to be in place 
prior to the shipments . 

Defense in Depth 

Defense in depth items are addressed in Chapter 8. 
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7 .2.4 Shipping Container Failure With Fire 

Vehicular accidents may involve fires as well .as collisions or other impact events that could 
result in failure of the containment boundary of the sludge shipping container. Fires may be caused 
by spilled or leaking fuel froni the Sludge Transportation System, fuel from another vehicle, or 
flammable cargo from another vehicle. Once spilled, the fuel ot flammable cargo is assumed . to 
ignite, causing thermal damage to the sludge shipping container. A fire would also increase the 
temperature of the sludge, possibly enhancing the volatilization of the radioactive and hazardous 
chemical constituents of the sludge, and increasing the release from the shipping container relative to 
pure mechanical damage. This section develops estimates of the frequencies and consequences of 
vehicular accidents in the tank farm that may involve fires. 

7.2.4.1 Scenario Development 

Fires may occur in the tank farm as a result of a vehicular accident or a range fire. The 
likelihood that a range fire affects a shipment of K Basin sludge in the tank farm is beyond extremely 
unlikely, primarily because it would require the simultaneous occurrence of the range fire and a 
sludge transfer operation. Tank farm emergency procedures would prevent simultaneous occurrence 
of a fire involving or threatening the AW tank farm and a sludge transfer activity. In addition, range 
fires would not involve thermal conditions more severe than the regulatory fire test (800°C fire for 30 
minutes), primarily because: 

• the combustible material in the tank farm is minimized through housekeeping and surveillance 
requirements, 

• most of the combustible materials are cellulosics that bum at temperatures significantly below 
800°C, and 

• range fires are typically fast moving and not likely to linger for 30 minutes in any single 
location, particularly if the combustible material in that location has been minimized. 

Consequently, the rest of this section focuses on vehicular accidents as the initiating event for a fire 
involving the Sludge Transportation System. 

Unmitigated Accident Scenario 

Damage to the shipping container was postulated to result from a vehicular accident involving 
a fire. The event tree developed by Fischer et al. (1987) and modified for this assessment (see 
Figures 7.3 and 7.4) was used as the .basis for quantifying the frequencies of fires that could lead to 
failure of the sludge shipping container. As discussed previously, the frequencies and level of 
damage from a vehicular accident are a function of the mechanical and thermal conditions applied to 
the container during and after the event. Catastrophic failure of the containment vessel was judged to 
be an incredible event, based on the strength and durability of the vessel to withstand severe 
mechanical and thermal environments and the low probability that severe accident conditions could 
occur in the tank farm (e.g., travel speeds are restricted, few hard targets are available, and few, if 
any, external fuel sources are available). 
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As shown in Figure 7 .3, there are two general paths through the event tree that lead to a fire 
involving the Sludge Transportation System. The first involves an initial mechanical impact event 
that is followed by a fire. The shipping container may fail as a result of the initial mechanical impact 
or may fail after it is exposed to the fire. The second general path involves no initial mechanical 
impact, only a long duration fire that exceeds the regulatory fire test conditions and is assumed to 
result in container failure. Also, there are two outcome bins that contain fire event; bin 2 - thermal, 
and bin 4 - mechanical and thermal. Bin 4 represents a larger release and would likely have a lower 
frequency than bin 2. However, for the purposes of this assessment, the frequencies of these two bin 
will be combined to calculate the frequency of all fire-related accidents. Consequences will be 
calculated for only the mechanical and thermal outcome bin as it would bound the consequences of 
the thermal-only bin. 

Unmitigated Accident Frequency 

The unmitigated accident frequency was calculated by summing the frequencies given in Table 
7.13 for bins 2 and 4. The resulting frequency was calculated to be l.64E-08 accidents/km. This 
was converted to an annual frequency using the same shipping assumptions discussed in Section 7 .2.3 
(i.e., 0.4 km one-way shipping distance in the tank farm, 60 shipments/yr), as shown below: 

Annual Frequency = 
= 
= 

Accident rate • Shipping Distance • Annual Shipments 
l .64E-08 accidents/km • 0.4 km/shipment • 60 shipments/yr 
3. 9E-07 accidents/yr 

This is near the WHC-CM-4-46 defined boundary between Extremely Unlikely (between lE-04 and 
lE-06 accidents per year) and beyond extremely unlikely (less than lE-06 accidents per year) accident 
frequencies. Consequently, this accident scenario is in the Extremely Unlikely category, at g_reatest. 

Mitigated Accident Scenario 

Potential mitigation measures were discussed in Section 7 .2.3 to prevent the occurrence of a 
vehicular accident in the tank farm. These measures included job-specific training for Sludge 
Transportation System operators and taking credit for the operator's familiarity with the tank farm and 
Hanford traffic and road conditions. The conditional probabilities of some of the event tree branches 
were adjusted to account for these factors, as discussed in Section 7.2.3. 

Mitigated Accident Frequency 

The mitigated accident frequency was calculated by summing the frequencies of outcome bins 
2 and 4 that were given in Table 7.14. The resulting frequency was calculated to be 4.56E-10 
accidents/km. This was converted to an annual frequency as follows: 

Annual Frequency = 
= 
= 

Bin 2 + 4 • Shipping Distance • Annual Shipments 
4.56E-10 accidents/km* 0.4 km/shipment * 60 shipments/yr 
1. lE-08 accidents/yr 

This is well below the WHC-CM-4-46 defined lower limit for the Extremely Unlikely (lE-06 
acciden~ per year) accident frequency category. Consequently, the mitigated accident scenario is 
beyond extremely unlikely. 
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7.2.4.2 Source Term Analysis 

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

Unmitigated Accident Source Term 

The release quantity from this accident was calculated as the product of the source inventory · 
of material in the Sludge Transportation System and a release fraction. The release fraction is a 
function of the mechanical and thermal environment applied to the shipping container and the physical 
properties of the contained materials. The release from the accident scenarios involving fires would 
be larger than from a purely mechanical accident because the heat from the fire would increase 
volatili7.ation of the radioactive and chemical species in the shipping container and would also increase 
the evaporation rate from a spilled pool of liquid. 

The release from this accident scenario was assumed to occur in two stages; 1) release from 
venting of a pressurized liquid, and 2) release from a burning pool of liquid. First, the thennal 
environment is postulated to raise the pressure inside the shipping container to its pressure relief 
setting or to its failure pressure. When the pressure is relieved through actuation of the pressure 
relief device or failure of the shipping container, material will be expelled through the opening and 
into the environment. It was assumed that venting or failure would occur at high pressure (greater 
than 0.35 Mpag or 50 psig) and the sludge has a density greater than 1.2 g/cm3, such ·characteristic of 
a concentrated heavy metal solution. The bounding release fraction under these circumstances was 
taken to be lE-03 (DOE 1994). The respirable fraction of the airborne material was assumed to be 
0.4 (DOE 1994). 

Should the vehicular accident result in containment failure, it was postulated that the material 
that was not vented at high pressure would spill onto the ground and become available for release. 
This pool of spilled material would be subjected to the heat from the fire. Therefore, the second part 
of the release models the material made airborne via evaporation from a spilled pool of liquid. For 
conservatism, it was assumed that the material would be spilled on a porous surface that enhances 
evaporation. It was also assumed that the gasoline or fuel for the fire mixes with the spilled sludge, 
further enhancing the release. The bounding release fraction given by DOE (1994, p. 3-49) for this 
type of event was assumed to be 5E-03 . The fraction of the airborne material that is in the form of 
respirable particles was given in DOE (1994, p. 3-49) to be 0.4. 

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

Release Quantity = 
= 
= 

Mitigated Accident Source Term 

Source quantity * Release fraction * Respirable fraction 
6,000 L * [(lE-03 * 0.4) + (5E-03 * 0.4)] 
14.4 L 

The release from this scenario was assumed not to be time-dependent. Therefore, the time to 
recover from this accident scenario, including time to extinguish the fire and stabilize the release, is 
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not relevant to the consequences. Therefore, the unmitigated and mitigated source temis are the 
. same, 14.4 L of respirable material. Furthennore, since the mitigated accident scenario frequency is 
below extremely unlikely and into the "incredible" range, there is no limit on consequences so a 
consequence analysis is not required. The mitigation measures applied to control the accident 
frequency would be sufficient to ensure the risks remain below guidelines . 

7.2.4.3 Consequence Analysis 

The radiological consequences are the product of the accident source tenn (L of respirable 
material released) and the unit liter dose calculated in Section 7 .1 . The results of these calculations 
are shown in Table 7.23. Hazardous material release consequences are presented in Table 7 .24. 

Key Parameters and Assmnptions-Unmitigated Accident Analysis 

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

• It was assumed that sufficient fuel and an ignition source are available to initiate a long
duration fire in the tank farm. 

• The mechanical failure threshold for the sludge .shipping container was assumed to be 
represented by an impact at a 30 mph closing velocity of any impact orientation. The basis 
for the 30 mph value was discussed in Section 7.2.3 . 

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

• No credit was taken for Hanford-specific target hardness information. Routes representative 
of public highways were used in the unmitigated scenario analysis. 

• It was assumed that failure of the shipping container or actuation of a pressure relief device 
caused by heating would occur at pressures greater than 0.35 Mpag (50 psig). 
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Table 7 .23. Radiological Consequence Analysis Results for 
Sludge Shipping Container Accident With Fire 

Frequency Analysis Radiological Dose to Receptor (rem) 
Category Result 

Onsite Offsite 

Rev. B 

Unmitigated Extremely Consequence 29,000 23 
Unlikely 

Guideline 10 4 

Comparison ABOVE ABOVE 

Mitigated Below Consequence 29,000 23 

I a) 

Extremely 
Guideline<a> NA NA Unlikely 

Comparison BELOW BELOW 

Risk evaJuat1on gu1c1e1mes tor accidents t:1at are below extremely un 1kely (1.e., trequency less 
than lE-06/yr) have not been established. It was assumed here that mitigation measures 
applied to this accident scenario, which cause the frequency to be less than extremely 
unlikely, would result in an acceptably low risk. 

• It was assumed that material spilled onto the ground from the opening in the containment 
would spill onto an absorptive surface such as soil. This tends to result in higher suspension 
releases than if a spill collects in a puddle and does not absorb into the ground. 

• No credit was taken in the unmitigated scenario analysis for radiation monitoring and leak 
detection capabilities which could reduce release quantities by accelerating the time taken to 
detect and recover from a failed shipping container. 

Key Parameters and ~umptions-Mitigated Accident Analysis 

The following assumptions and key parameter values were used in the mitigated accident 
analysis. 

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

• It was assumed that the shipping container accidents that have impact velocities below 30 mph 
would not result in mechanical failure of the Sludge Transportation System. 
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Mitigated 
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Table 7 .24. Hai.ardous Chemical Consequence Analysis Results for 
Sludge Shipping Container Accident With Fire 

Frequency Release Quantity<•> 
Category Analysis Result 

Onsite. Offsite 

Extremely Consequence 4.0E-03 Lisee 4.0E-03 Lisee 
Unlikely 14.4 L 1.4. L 

Corrosives 0.58 Lisee 2.8E+02 Usec 
Guideline 2.0 L 7E+04L 

Toxics Guideline 4.SE-03 Lisee 2.7 Lisee 
1.6E-02 L 6.6E+02 L 

Comparison 
- Corrosives ABOVE BELOW · 
- Toxics ABOVE BELOW 

Below Extremely Consequence 4E-03 Usec 4E-03 Usec 
Unlikely 14.4 L 14.4 L 

Guideline(bl NA NA 

Comparison BELOW BELOW 

(a) The results and guidelines are presented m terms of the allowable release rate m Lisee 
( continuous release) and release quantity in L (puff release), as described in Section 7 .1. 

(b) Risk evaluation guidelines for accidents that are below extremely unlikely (i.e., frequency less 
than lE-06/yr) have not been established. It was assumed here that mitigation measures 
applied to this accident scenario, which cause the frequency to be less than extremely 
unlikely, would result in an acceptably low risk. 

• It was assumed in the mitigated accident frequency calculations that less than 5 % of the 
surface area at the tank farm comprises a "hard" object; i.e., an object that would not deform 
substantially as a result of a vehicular impact. 

• It was assumed that driver experience and training on Hanford roads and within the tank farm 
would result in a lower accident rate than would be experienced by drivers of heavy trucks on 
public highways. 

• It was assumed that sufficient fuel and an ignition source is available to initiate a long
duration fire in the tank farm. 

• It was assumed that there is a 30 mph or lower speed limit in the tank farm (mitigation 
measure). 

• It was assumed that emergency procedures and equipment would be available to mitigate a 
potential spill of K Basin sludge from a transportation accident. 
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7.2.4.4 Comparison with Guidelines 

Onsite and offsite radiological consequences of the unmitigated accident scenario were 
determined to be above risk evaluation guidelines for an Extremely Unlikely accident scenario. 
Application of mitigation measures to the scenario effectively reduces the frequency to beyond 
Extremely Unlikely such that the accident scenario would be judged to represent an acceptably low 
risk. In addition, corrosive/irritant and toxic chemical consequences ·were determined to be below 
offsite risk guidelines for both unmitigated and mitigated accidents. Corrosive/irritant and toxic 
chemical exposures were above the onsite guidelines for the unmitigated accident scenario but below 
guidelines in the mitigated scenario because the mitigated frequency is below extremely unlikely. 

7.2.4.5 

Safety SSCs 

Summary of Safety-Class SSCs and TSR Controls 

A preliminary Safety Class Evaluation was performed to support the designation of safety
related systems, structures, and components . The evaluation is presented in Chapter 8. 

TSR Controls 

The following items were determined to be candidates for TSR controls. Final TSRs will be 
prepared following completion of the Sludge Transportation System and Sludge Transfer Station 
design activities. 

• A 30 mph maximum speed in the tank farm w~ assumed in the accident analysis. The speed 
limit would limit damage to the Sludge Transportation System during a vehicular collision and 
during collisions with fixed objects. The actual speed limit may be lower but a 30 mph 
maximum speed would prevent mechanical damage to the shipping container in most instances 
that exceeds the container's failure threshold. 

• The Sludge Transportation System and the tank farm were assumed to be equipped with spill 
stabili:zation capabilities to limit the amount of material suspended from a pool of spilled 
liquid. This capability will reduce the release duration by halting the resuspension of aerosols 
from the pool of spilled liquid. 

• Administrative controls involving preparation of truck operating procedures and driver 
training specific to delivery of sludge shipments to the tank farm were assumed to be in place 
prior to the shipments . 

Defense in Depth 

Defense in depth items are addressed in Chapter 8. 
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7.2.5 Tank AW-105 Overpressuru:ation 

As the sludge enters Tanlc AW-105, gases will leave the sludge by mass-transfer mechanisms. 
Tanlc AW-105 is currently actively ventilated; all exhaust gases pass through two HEPA filters 
designed in series in the exhauster at a ventilation flow rate of 1,000 cfm. During the offloading 
process, K Basin sludge will be pumped from the Sludge Transportation System through the Sludge 
Receiving Station into the A W-105 slurry distributor. The sludge will then fall by gravity from the 
nozzle of the slurry distributor onto the existing waste in the tanlc. A portion of gases will enter the 
tanlc vapor space resulting in increased pressure in the tank dome. Increasing tanlc dome pressure 
may be caused by any or all of the following mechanisms: 

• radiolytic heat converting water to steam 

• displacement of air due to waste transfers 

• natural breathing of the tanlc due to changes in atmospheric pressure 

• natural convection current due to thermal gradients 

• material incompatibilities, corrosion. 

Under normal operating conditions, tanlc dome pressure is controlled by a pressure monitor 
system and, as mentioned, gases or steam may be swept out of the tanlc vapor space by the exhaust 
system. 

The following scenario deals with releases of radioactive and toxic materials to the 
atmosphere and/or environment due to the overpressurii;ation condition of Tanlc AW-105. Given the 
increased pressure in the tanlc dome, additional failures such as the pressure monitor and/or 
ventilation system component failures may lead to failures of other tanlc systems, components, or 
structures. Mechanisms that could lead to an unfiltered release pathway include: 1) structural failure 
of the ventilation system; 2) HEPA filter blowout; 3) rupture of tanlc riser or pump pit; and 4) tanlc 
dome failure. As designed, differential pressures across the HEPA filters are measured; however, 
failure to detect high HEP A loading may result in structural damage, and if the pressure continues to 
rise it was conservatively assumed that the tanlc dome integrity could be compromised. 

Two event trees were developed for this scenario to provide the mathematical framework for 
the estimation of accident sequence frequencies: one for unmitigated accident scenarios and the other 
for mitigated accidents. Event tree analysis is a well-developed tool for systematically developing 
accident progression, starting with an accident-initiating event and proceeding to consequences. The · 
systematic approach employed in developing event trees typically results in the identification of many 
more accident sequences for a given initiating event and provides a basis for quantitative estimates of 
accident sequence frequencies . 

Event tree models are developed assuming that an accident begins with an initiating event 
where the occurrence sets in motion a series of events. Depending on the combination of events 
(primarily but not limited to safety system failures) that occur after the initiating events, different 
outcomes may occur, ranging from accident sequences with no impacts to sequences with severe 
consequences. Each path through the event tree, beginning with a specific initiating event and ending 
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in a specific outcome, represents an accident sequence. The event tree is developed by drawing 
branches from the initiating event that represent the possible outcomes of the second event in the 
header. Each branch symbolically represents the success or failure of the second and subsequent 
header events. The upper branch represents event success, and the lower branch represents event 
failure. A success outcome means that the event occurs as it is stated in the header. A failure 
outcome means that the opposite of the event occurs. Probabilities are assigned to each branch in the 
event tree. In some cases, fault tree analysis was performed to calculate the branch probabilities. 
The initiating event frequencies and branch probabilities are mathematically combined to quantify the 
event tree. To simplify the results, the frequencies for all the paths with the same end-state often are 
summed to provide an estimate of the total frequency of each end-state. 

7.2.5 .1 Accident Scenario Development 

As mentioned, two event trees were developed to model accidents in which significant 
amounts of gases are released from Tank A W-105; one for an unmitigated scenario and the other for 
a mitigated scenario. A computer code IRRAS 5.50 (Russel et al. 1992) was used for both of the 
development and quantification processes. The tank overpressurization event trees start with the 
initiating event named "PRESS" which represents all initiating events arising from offload and storage 
of K-Basin sludge that results in a pressure change. Given the initiator occurs, additional failures 
such as ventilation system failure, HEPA failure (i.e., plugged), dome pressure monitor system 
failure, and/or failure to respond to an alarm (human error) could lead to tank overpressurization. In 
this scenario, two initiating events that could lead to in~reased pressure were identified and analyzed. 

The first initiator for a rise in tank pressure is a combination· of pressure changes due to 
radiolytic heat converting water to steam, natural breathing of the tank due to changes in atmospheric 
pressure, natural convection current due to thermal gradients, and material incompatibility. Addition 
of incompatible chemicals, pyrophoric reactions, organic-nitrate reactions, generation of flammable 
gases such as ammonia or hydrogen, and criticality are also included in this initiator. Even though 
sludge will be sampled, characterized, and chemically adjusted before entering tank A W-105, human 
error may still occur. As described in Chapter 3, prior to transferring waste, a number of activities 
will be performed· by tank farm operations. These activities include verifying the waste chemistry 
(via sampling and characterization) to be sure that the K Basin sludge to be transferred is compatible 
with the receiving tank waste, and performing criticality safety analyses and implementing criticality 
safety controls to ensure that stored waste will remain in a sub-critical state. Human error may occur 
during these activities, so the human error probability during these activities is included in this 
initiating event frequency . 

The second initiator for a rise in tank pressure is the pressure increase caused by the Sludge 
Transportation System pump during offloading operations. Sludge enters Tank AW-105 from the 
slurry distributor by gravity flow; however, it will be pumped from the shipping container to the 
slurry distributor. The pump unit is assumed to be rated for a maximum capacity of 150 gpm at 50 
psig. As sludge enters the tank, the tank dome volume would continue to decrease and dome pressure 
would increase as a result of the transfer pump injecting slurry into the tank. 

As described in Section 3.3, Tank AW-105 is actively ventilated and all.exhaust gases pass 
through two HEPA filters in series. However, if the pressure in the tank dome is raised and actions 
are not taken to halt the increase, HEPA filters may fail (blowout) and ventilation system, tank risers, 
and/or pump pits may suffer some structural damage. If the pressure continues to rise, the integrity 
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of the tank dome may be compromised. However, the tank dome, which can withstand internal 
pressures up to 55-60 psi, would not be vulnerable to failure unless a severe fire or run-away 
chemical reaction occurs and penetrations are assumed to be sealed. The addition of a relatively 
small quantity of K Basin sludge is extremely unlikely to produce pressures that exceed the tank dome 
failure threshold, particularly if ventilation flowpaths and penetrations are clear, The outcomes shown 
in the event tree model depend upon the locations of the failures and the effectiveness of the pressure 
mitigation actions taken. The potential outcome descriptions are provided in Table 7.25. As shown, 
the consequences range from no release to major airborne particulate and volatile material releases . 

Unmitigated Accident Scenario 

The event tree shown in Figure 7 .5 models the unmitigated accident scenarios. No credit was 
taken in the event tree for physical barriers or administrative controls. In addition, no credit was 
taken for training, procedures, or qualified equipment. In this event tree model, the model starts with 
an initiator named "PRESS" which represents all initiating events as described in the previous section. 
Given that the initiating event occurs, the HEPA filter may blow out if the dome pressure rises above 
its failure threshold. The top event named "HEPA" is placed next in the event tree to represent the 
conditional HEPA filter/pre-filter blowout given the pressure changes in the tank. As designed, a 
pressure of 10 kpa (1.5 psig) or higher may cause HEPA filter damage. The HEPA filter is 24 in. x 
24 in. x 5-7/8 in., rated for 500 cfm at 1 in-wg, and is mounted together with a 24 in. x 24 in. x 4 
in. pre-filter in the manufacturer's standard stainless steel housing. Once the HEPA filter begins to 
leak, the pressure would be released and as long as the intensity of the initiating event has decreased, 
the dome pressure would begin to decline. However, if the HEPA filter and/or pre-filter are plugged, 
and if the tank dome pressure continues to rise, then the tank dome would begin to crack and fail. In 
this case, a major significant release would occur, and _is considered the worst-case scenario. After 
the tank dome fails, the pressure was assumed to be relieved and no further damage would occur 
(although the release may continue as an unfiltered pathway has been opened). The top event named 
"TOI" which represents tank dome failure is placed in the event tree to address this concern. The top 
event "HVAC-SI" provides the option of modeling a failure of ventilation structures as an alternative 
pathway to the environment (i.e., one in which the tank dome remains intact) . Finally, the "RISER" 
top event is placed last in the model to represent the tank risers and/or pump pit rupture due to 
overpressurized condition. Froll) the unmitigated event tree, five accident sequences and three 

. different outcomes were identified. The outcomes and accident frequencies for these sequences are 
discussed in the next section. 

All six of the AW tanks are connected tQ a common ventilation header. This means that there 
are flowpaths among these tanks that, if open, would be capable of relieving some or all of the excess 
pressure generated in any single tank. For this conservative analysis, it was assumed that all of these 
flowpaths are closed and all pressure generated in Tank AW-105 would be directed towards the AW-
105 tank dome and exhaust filtration system. 
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Table 7 .25. Overpressuri:zation Event Tree Outcome Descriptions 

Outcome Description .. 

NO-RELEASE No exposure to atmosphere and/or environment. 

VOLATILE-RELEASE Volatile release to atmosphere caused by either HEPA filter blowout, 
ventilation system structural failure, tank risers rupture, or pump pits 
rupture. 

MA-VO LA TILE-REL Major volatile release to atmosphere contributed from more than one 
system/component (i.e., ventilation system, HEPA filter , tank risers , 
pump pits, etc.) structural failures . 

MA-PAR-VO LA-REL Major particulate and volatile release to atmosphere and environment 
(worst-case). 

Unmitigated Accident Frequency 

The unmitigated event tree was quantified to estimate the frequencies of the various outcomes. 
Table 7.26 provides the initiator frequencies, top event probabilities, and the bases for the values. 
The quantification process involves multiplying across-the top event probabilities to estimate the 
sequence probabilities and summing the sequence probabilities in each outcome bin (for those that 
have the same consequence). Once this was complete, each outcome bin probability was multiplied 
by the initiating event frequencies to provide the accident frequencies . 

The following example was prepared to illustrate the event tree quantification process for a 
single accident scenario. The scenario selected is Sequence #3 in Figure 7.5. Following the path 
through the event tree for this sequence, this is a combination of the initiating event named "PRESS", 
top event "HV AC-SI" which represents ventilation system integrity impacted, and top event "RISER" 
which represents tanks risers and/or pump pits integrity impacted. The probability of this sequence is 
the product of these three failure probability values and is shown in the second column of the figure 
(i.e., 4.50E-04/demand). The outcome bin or consequence associated with this accident sequence is 
provided in the last column of the figure. This sequence probability should be summed with other 
sequence probabilities that have the same outcome; in this case there is only one sequence in this 
outcome bin. At this point, the outcome bin probability was multiplied by the initiating event 
frequencies provided in Table 7 .27 to estimate the accident frequencies . 

The descriptions of the accident outcomes and top events are provided in Tables 7 .25 and 
7 .26. The unmitigated accident frequencies for initiating events of the PRESS class are summarized 
in Table 7 .27. Note that these accident frequencies are provided separately for each accident 
outcome. The total unmitigated accident frequency resulting in major particles and volatile release 
"MA-PAR-VOLA-REL" was estimated to be 2.79E-05/yr. The total unmitigated accident frequency 
resulting in major volatile release "MA-VOLATILE-REL" was estimated to be 1.40E-05/yr. The 
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Figure 7.S. PRESS Unmitigated Event Tree 
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Table 7.26. Event Tree Header Descriptions and Branch Probabilities 

Top Event Name Event Description Probability Rationale/Basis 

PRESS Initiating event 1.00E+OO Assigned value - Will be multiplied 
by the initiating event frequencies 

HEPA HEPA filter blowout l.OOE-01 Engineering judgment - For each 
train 2 filters are in series. Failure 
of this event involves both filter 
failures. Differential pressures 
across the HEPA filters are 
measured. Failure to detect high 
HEPA loading and failure to shut 
down the exhauster may result in 
HEPA blowout. 

TDI Tank dome integrity l.OOE-03 Engineering judgment - assume I 
impacted out of 1000 times tank pressure 

causes containment breach 

HVAC-SI HVAC system 5.00E-02 Engineering judgment - Assume I 
integrity impacted out of 200 times tank pressure 

causes HV AC structural damage. 

RISER Tank risers or pump 1.00E-02 Engineering judgment - Assume 1 
pits integrity impacted out of 100 times tank pressure 

causes tank risers and/or pump pits 
integrity impacted 

total unmitigated accident frequency resulting in volatile release "VOLATILE-RELEASE" was 
estimated to be 4.50E-03/yr. The highest individual unmitigated accident frequency was found to 
result from the combination of the initiator associated with overpressure from mixing incompatible 
chemicals (approximately neutral pH K Basin sludge and high-pH tank waste) during transferring 
waste and failure of HEPA filtration, which is 3.00E-03/yr: If credit were not taken for the HEPA 
filter, the frequency of the unmitigated scenario is Anticipated. 

Mitigated Accident Scenario 

The mitigated accident event tree is shown in Figure 7.6. The differences between mitigated 
and unmitigated accident scenarios are that credit was taken for the dome pressure monitor and the 
HVAC system response when tank dome pressure increases. As shown in the figure, two top events . 
were added to the unmitigated event tree, one is named "PR-MON" which represents the dome 
pressure monitor system and the associated recovery action and the other is "VEN" which represents 
the air balance function provided by the HV AC system. Failure of these systems could lead to 
structural failure of the tank dome, HEPA filter, tank risers, pump pits, etc., and subsequent opening 
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Table 7.27. Initiating-Event PRESS-Class Accident Frequencies for Unmitigated Accident 

ID Initiating Init. Event Fre. Init. End-State End- Accident 
Event Point Estimate Basis Event State Frequency 

Frequency Pro. (per year) 
(per year) 

PUl Pressure From SWP-SA l.OOE-03 MA-PAR-VOLA-REL 9.00E-04 9.00E-07 
changes due "WHC-SD-WM-

PU2 to material SAD-036" MA-VOLATILE-REL 4.50E-04 4.50E-07 
incompatibili 

PU3 
ty VOLATILE-RELEASE l.45E-Ol l.45E-04 

PU4 Additional Expert judgment 3.00E-02 MA-PAR-VOLA-REL 9.00E-04 2.70E-05 
pressure 
during 

PlJ5 transferring MA-VOLATILE-REL 4.50E-04 l.35E-05 
waste 
(total dome 

PU6 pressure > VOLATILE-RELEASE l.45E-Ol 4.35E-03 
1000 cfm) 

of an unfiltered pathway to the environment. Based on the mitigated event tree model, five accident 
sequences and three different outcomes were identified.- The outcome bin descriptions were provided 
in the Table 7 .25. 

As mentioned above, credit was taken for the availability of the pressure monitor system. 
Tanlc A W-105 is equipped with a pressure/vacuum measurement system. The function of the primary 
tanlc confinement pressure/vacuum system is to monitor the pressure in the primary tanlc. The 
vacuum limit ensures that the primary tanlc structural integrity is not jeopardized. Waste tanlc vapor 
space vacuum is monitored by magnehelic gages that are located on tanlc risers or in local instrument 
buildings. There are also pressure recorders/transmitters and pressure switches that will activate 
when their limits are exceeded by loss of the tanlc ventilation system or process upset. The switches 
will activate a local audible alarm and they are also monitored by CASS which will automatically 
print an alarm report. 

Credit was also taken for the capabilities of the ventilation system to monitor and control air 
flows into the tanlc (i.e., air balance). Under normal operating conditions, active ventilation will be 
maintained for Tanlc AW-105. One function of active ventilation is to force tanlc vapors and airborne 
particulates to travel through the HEPA filters, thus controlling the spread of contamination to the 
environment. The ventilation system also enhances tanlc air flow and pressure control capability, and 
provides control capability. 
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Figure 7 .6. PRESS Mitigated Event Tree 
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Mitigated Accident Frequency 

The adjusted values of the affected accident rate and branch probabilities used in the mitigated 
accident analysis are discussed in this section. 

In this event tree, two additional branch probabilities were added as indicated above. The 
failure probability of the dome pressure monitor system was estimated to be 5.00E-02. This value 
includes both hardware failure and human error probabilities. The human error is considered to have 
a much higher probability than the unreliability of automated or mechanical equipment. In 
worker-intensive operations, often the human-error probability is quite high; however, where there 
are procedures and training of workers, the human-error probability drops quite dramatically. The 
basis for the human error assignments used throughout the accident quantification and the basis used 
to quantify failure rates and frequencies are summarized in the following: (Note that, these values and 
bases are provided in the Rotary Mode Core Sampling in Flammable Gas Single Shell Tanks Safety 
Assessment, WHC-SD-WM-SAD-035, WHC 1996d). 

• Independent task verification is ensured by requiring that a second person verifies that a task 
is performed correctly after a task is completed, or the original task performer verifies that a 
task is performed correctly at a different time and location. 

• Verification procedures are written correctly, and a verification procedure is followed 
correctly. 

• Verification fails to discover a task error with a probability of 0.1. 

• Assignment of the 5.0E-02 failure probability for judgment based tasks, referred to as the 
SHARP report, gives a failure probability range of 0.5 to 5.0E-03 for judgment-based actions. 
For actions considered to be judgment-based, a probability of 5.0E-02, the mid-point of the 
SHARP report range, was assigned in this SA. 

Fault tree analysis was used to estimate the reliability of the ventilation system. The level of 
detail included in the fault tree was limited by the availability of detailed up-to-date system design and 
operating information. The system models were developed using the following sources of 
information: 

• existing Hanford Contractor safety studies 

• system schematics and operating procedures provided by Hanford Contractors 

• verbal information from Hanford Contractor cognizant engineers and technicians 

• published sources of data for component reliability values. 

• engineering judgment. 

Each of the six AW waste tanks has an air inlet station connected to a dedicated 12". tank 
riser. The air inlet stations are intended to be the only paths by which air can enter the waste tanks. 
The purpose of the air inlet stations is to enhance tank air flow and pressure control capability, and to 
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Primary components of each air inlet station include an air flow controller, pre-filter, HEPA 
filter, and 12 in. isolation butterfly valve. A vacuum breaker is connected in parallel with the flow 
controller to limit tank negative pressure in the event that the flow control capability is lost. The air 
flow controller and vacuum breaker devices are automatic, passively-operated devices. 

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

The two primary tank ventilation exhaust subsystems are identified as Kl-1 and Kl-2. The 
purpose of the Kl-1 and Kl-2 Systems is to provide a 0.25 in. to 4.0 in. WG vacuum on all six tanks 
at a total flow rate of 1,000 cfm. Additional information can be found in Chapter 3.0. Even though 
the ventilation exhaust subsystems are designed with redundancy, one system could be unavailable due 
to maintenance or filter replacement. 

Figure 7. 7 shows the top logic of the ventilation system fault tree model. The completed fault 
tree model can be found in Appendix E. Failure of the ventilation system to maintain the tank 
pressure is modeled as an AND gate, named "VEN," with inputs from 1) monitor/control systems 
failure and 2) ventilation system failure. Failure of the monitor/control systems (modeled as an OR 
gate, named "VEN7") may result from equipment failure, alarm systems failure, loss of power, 
and/or an operator failing to respond. Ventilation system failure is modeled as an OR gate, named 
"VENl," with inputs from air inlet system failure and exhauster system failure. Failure of the air 
inlet system (modeled as an OR gate, named "VENll ") may result from filter failure/plugged, valve 
failure/plugged, vacuum breaker failure, air flow controller failure, and/or human errors. Failure of 
the exhauster system is modeled as an OR gate, named "VEN12," with 2 inputs (moisture separator 
path failure and exhauster path failure). 

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

Table 7 .29 shows all top event probabilities that were displayed in the mitigated event tree 
model and their associated rationales. Table 7.30 provides the accident consequences and 
probabilities for the mitigated accident scenario. These probabilities were multiplied by the initiating 
event frequencies as discussed in the unmitigated accident scenario to estimate the mitigated accident 
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Figure 7.7. Primary Ventilation System Fault Tree (Top Logics) 
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Table 7 .28. Primary Ventilation System Fault Tree Minimal Cut Sets 

ut 
Set % % Cut Prob/ 
No. Total Set Freq. Cut Sets 

1 53.8 53.8 5.0E-002 VEN-POW-LOSS, VEN-POW-RECOVERY 
2 65.1 11.3 l.0E-002 VEN-ALA-FA-ALL, VEN-FAN-FA-Kl 51, 

VEN-F AN-FA-Kl52 
3 69.2 4.1 3.8E-003 VEN-ALA-FA-ALL, VEN-FAN-FA-Kl 51 , 

VEN-HEA-FA-HTS2 
4 73.3 4.1 3.8E-003 VEN-ALA-FA-ALL, VEN-FAN-FA-K152, 

VEN-HEA-FA-HTS 1 
5 76.6 3.2 2.9E-003 VEN-ALA-FA-ALL, VEN-DE-FA-Klll , VEN-DE-FA-Kll2 
6 79.4 2.8 2.6E-003 VEN-FAN-FA-K151, VEN-FAN-FA-K152, 

VEN-RES-HUMERR 
7 81.9 2.4 2.2E-003 VEN-ALA-FA-ALL, VEN-FAN-FA-K151, 

VEN-OPE-DIAGNOSE 
8 84.1 2.2 2.lE-003 VEN-FAN-FA-Kl 51, VEN-FAN-FA-Kl 52, 

VEN-MON-FA-ALL 
9 85.6 1.4 1.3E-003 VEN-ALA-FA-ALL, VEN-HEA-FA-HTS 1, 

VEN-HEA-FA-HTS2 

Mincut Upper Bound 9.282E-002 

frequencies for initiating events of the PRESS class. These values are provided in the last column of 
this table. The accident frequencies rang from 2.13E-05/yr (accident sequence ID "PM6") to 4.18E-
09/yr (accident sequence ID "PM!"). Except the accident frequency for sequence ID "PM6," which 
is 2.13E-05/yr, all other accident frequencies were identified as beyond extremely unlikely 
( < 1.0E-06/yr) in terms of the WHC-CM-4-46 definitions. The total mitigated accident frequency 
resulting in major particles and volatile release "MA-PAR-VOLA-REL" was estimated to be 1.29E-
07/yr. The total mitigated accident frequency resulting in major volatile release "MA-VOLATILE
REL" was estimated to be 6.48E-08/yr. The total mitigated accident frequency resulting in volatile 
release "VOLATILE-RELEASE" was estimated to be 2.20E-05/yr. For conservatism and to account 
for uncertainties in the component failure rates, a frequency of Unlikely was assigned to this scenario; 
i.e., tank overpressurization from a chemical reaction caused by the addition of unadjusted K Basin 
sludge. Releases of anything other than volatiles were determined to be below extremely unlikely. 
The highest individual unmitigated accident frequency was found to result from the combination of 
initiator associated with additional pressure during transferring waste and HEPA filter blowout, which 
is 3.00E-03/yr. The most important accident sequence (highest accident frequency) was found to be a 
combination of pressure changes resulting from K Basin sludge offloading, dome pressure monitor 
failure, ventilation system failure, and HEPA filter blowout. 
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Table 7.29. Mitigated Event Tree Header Descriptions and Branch Probabilities 

Top Event Name Event Description Probability Rationale/Basis 

PRESS Initiating event l.OOE+OO Assigned value - Will be multiplied 
by the initiating event frequencies 

PR-MON Dome pressure 5.00E-02 Engineering judgment - Operator 
monitor system fails to depressurize tank pressure is 
success also included 

VEN HV AC system air 9.28E-02 From fault-tree analysis 
balance success 

HEPA HEPA· filter blowout l.OOE-01 Engineering judgment - For each 
train 2 filters are in series. Failure 
of this event involves both filter . 
failures. Differential pressures 
across the HEPA filters are 
measured. Failure to detect high 
HEPA loading and failure to shut 
down the exhauster may result in 
HEPA blowout. 

TOI Tank dome integrity 1.00E-03 Engineering judgment - assume 1 
impacted out of 1000 times tank pressure 

causes containment breach 

HVAC-SI HVAC system 5.00E-02 Engineering judgment - Assume 1 
integrity impacted out of 200 times tank pressure · 

causes HV AC structural damage. 

RISER Tank risers or pump l.OOE-02 Engineering judgment - Assume 1 
pits integrity impacted out of 100 times tank pressure 

causes tank risers and/or pump pits 
integrity impacted 

7.2.5.2 Source Term Analysis 

The source terms and associated consequences of a release of K Basin sludge from Tank AW-
105 were examined in relation to the source terms and consequences calculated in the ongoing TWRS 
BIO (LMHC 1997). The radiological source terms and consequences of a release from a DST are 
analyzed in WHC-SD-WM-SARR-016 (WHC 1996b) and WHC-SD-WM-SARR-037 (Cowley 1996) 
and those for toxic materials are analyzed in WHC-SD-WM-SARR-011 (WHC 1996b). The 
methodology used to calculate the source term is the same as that described in the TWRS BIO 
(LMHC 1997) and in supporting calculation notes entitled Chemical Reaction in a DCRT (Powers, 
Marusich, and Braun 1996). Appropriate adjustments were made to address K Basin sludge 
properties rather than DST wastes and DST A W-105 parametem rather than a typical DCRT. 
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Table 7 .30. Initiating-Event PRESS-Class Accident Frequencies for Mitigated Accident 

Init. Event Init. End- Mitigated 
Initiating Fre. Point Event State Frequency 

ID Event Estimate Basis Frequency End-state Proba- (per year) 
(per year) bility 

PMl Pressure From WHC- l.OOE-03 MA-PAR-VOLA- 4.18E-06 4.18E-09 
changes due SD-WM- REL 
to material SAD-036 

PM2 incompati- MA-VO LA-REL 2.09E-06 2.09E-09 

bility · 
PM3 VOLATILE- 7.llE-04 7. llE-07 

RELEASE 

.PM4 Additional Expert 3.00E-02 MA-PAR-VOLA- 4.18E-06 l.25E-07 
pressure judgment REL 
during 

PMS transferring MA-VO LA-REL 2.09E-06 6.27E-08 
waste 
(Total dome 

PM6 pressure > VOLATILE- 7.llE-04 2.13E-05 
1000 cfm) RELEASE 

Unmitigated Accident Source Tenn 

This accident scenario involves offloading a full container load (6 m3) of worst-case K Basin 
sludge which has not been chemically adjusted (pH = 7- 8) into highly-alkiline AW-105 (pH == 13), 
causing an acid/base neutralization reaction. The reaction heats up the sludge/DST waste mixture. 
The aerosols generated by this heating effect were assumed to be transported through the HV AC 
system and released unfiltered to the environment. 

The molarity of a shipment of K Basin sludge is not known so it was conservatively assumed 
to be equivalent to 20% HN03 or 3.538 mol/L. The molarity of the alkiline DST waste was assumed 
to be 10 mol/L (Powers, Marusich and Braun 1996). Thus, the volume of DST waste neutralized is: 

Volume neutralized = (6000 L) (3 .358 mol/L / 10 mol/L) = 2,123 L 

The total volume of sludge and waste involved in the neutralization reaction is then 8,123 L. 

According to Powers, Marusich, and Braun (1996), the heat of reaction to use in this 
calculation is -5.7757E+04 J/mol. The reaction energy is then: 

Reaction energy = 
= 

K Basin Sludge Safety Assessment 

I Acid molarity * Volume * Heat of reaction I 
I 3.538 mol/L * 8,123 L * -5 .7757E+04 J/mol I 
l.226E+09 J 
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Using this heat of reaction, the temperature increase from the neutralization reaction can be calculated 
as follows : 

Temperature increase = 
= 
= 

(Heat' of reaction)/ (Volume)(Waste density)(Heat capacity) 
l.226E+09 JI (8 .123 m3)(1000 kg/m3)(4200 J/kg-K) 
35.95 K (or 0 C) = 96.7°F 

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

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

Source 
Term 

= Quantity Available * Aerosol Release * Condensation 
for Release Fraction Fraction 

-or 

ST = Q *ARP* CF 

Derivation of the parameter values used in this assessment are described in the following subsections. 

Quantity Available for Release 

A total of 8,123 L of waste are available for reiease. Of this, 6000 L are K Basin sludge 
material and 2123 Lare DST waste, assumed to consist of 1/3 DST solids and 2/3 DST liquids. 

Aerosol Release Fraction 

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

Condensation Fraction 

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

The condensation fraction was taken to be the ratio of the amount of energy that can be 
transferred through the DST walls to the energy generated from the neutralization reaction. This ratio 
was calculated using the general heat transfer equation shown below: 
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Q = ~T 

where: Q = heat transfer rate 
h = heat transfer coefficient for steam mixed with air 
A = heat transfer area 
~T = temperature difference across tank walls 

To calculate the heat transfer rate across the tank walls, the value of the heat transfer coefficient, h, 
was taken to be 200 BTU/hr-ft2-°F (Powers, Marusich, and Braun 1996) and the temperature 
difference across the tank walls was taken to be the temperature difference before and after the 
reaction (i.e., the outer tank wall temperature was assumed to be the same as the initial solution 
temperature of 54.44°C and the inner tank wall temperature was assumed to be at the final solution 
temperature). Therefore, ~Tis 35.94°C (96.7°F). 

The heat transfer area used in the heat transfer equation was calculated asswning only the 
inner tank wall area above the liquid surface in the tank is available for heat transfer. This would 
include about the upper 1/3 of the tank wall. Heat transfer into the waste and through the tank dome 
is neglected. Therefore, the heat transfer area, A, is about 2.83E+03 ft2 

(..- * 75 ft diameter * 12 ft 
high). Substituting these values into the heat transfer equation yields the heat transfer rate across the 
tank walls: 

Q walll = 
= 
= 

(200 BTU/hr-ft2- 0 F) (2.83E+03 ft2
) (96.7°F) 

(5.473 E+07 BTU/hr) (1055 J/BTU) (1 hr/3600 sec) 
l.604E+07 J/sec 

The denominator in the condensation fraction relationship is the heat generation rate from the 
neutralization reaction. This parameter was calculated by dividing the neutralization reaction energy 
calculated previously by the duration of the reaction. The duration may be as much as 30 minutes to 
reflect the pumping time it takes to transfer all 6 m3 of sludge from the shipping container. Using 
this reaction duration would result in 100% of the aerosols being condensed inside the tank. It was 
found that as long as the reaction duration is more than about 1.5 minutes, all of the aerosols would 
condense on the relatively cool tank wall surfaces. Therefore, a condensation fraction of 0.99 (i.e., 
99 % of the aerosols condense inside the tank and 1 % are released) is believed to be conservative. 

Results of Unmitigated Source Term Analysis 

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

ST Slidge = Qwi,c * ARFwlF * CFw11ge 
= 6000 L * 3E-05 * (1 - 0 .99) 
= l.8E-03 L 

ST0 sr = QDST * ARFDST * CFosr 
- 2123 L * 3E-05 * (1 - 0.99) 
= 6.4E-04 L 
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Therefore, the total unmitigated soure term for this accident scenario consists of l.8E-03 L of sludge 
and 6.4E-04 L of DST waste. 

Mitigated Source Term 

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

7.2.5.3 Consequence Analysis 

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

Unmitigated Consequences 

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

Onsite MEI: csludgc = ST Sludac * Onsite Unit Dos~ 
= l.8E-03 L * 670 Rem/L 
= 1.21 Rem 

Offsite MEI: csludgc = ST Sludac * Offsite Unit Dos~ 
= l.8E-03 L * 1.2 Rem/L 
= 2.2E-03 Rem 

The unmitigated consequences of the DST waste release was estimated by first calculating a 
composite unit liter dose (ULD) for DST wastes consisting of 1/3 DST solids and 2/3 DST liquids. 
The ULDs for DST liquids and solids were taken from Cowley (1996) and were 6.1E+05 Rem/L 
amd 5.3E+07 Rem/L, respectively. The composite ULD is as follows: 

ULDCompolilc = 
= 

1/3 (ULD0sr ao1m) + 2/3 (ULDosr 1;.,,m) 
l.81E+07 Rem/L 

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

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

The source term and ULD were calculated above. The breathing rates were assumed to be 3.3E-04 · 
ml/sec for the onsite receptor and 2.7E-04 mlisec for the offsite receptor (Van Keuren 1996). The 
X/Q values (atmospheric dispersion parameters) were taken from Van Keuren (1996) and amount to 
0.0341 sec/ml for the onsite receptor location and 2.83E-05 sec/ml at the offsite receptor location. 
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Substituting these values into the dose equation above gives the following results: 

Onsite: C0 s-r = Q * ULD * Breating rate* X/Q 

= 
= 

(6.73E-04 L) (l.81E+07 Rem/L) (3.3E-04 m3/sec) (0.0341 sec/ml) 
0.13 Rem 

Offsite: C0sr = 
= 

(6.73E-04 L) (l.81E+07 Rem/L) (2.7E-04 ml/sec) (2.83E-05 sec/ml) 
8.8E-05 Rem 

The total unmitigated consequences are the sum of the consequences from sludge and DST releases. 
The results are: 

C101a1 Csludgc + C0sr 

= 

Offsite C101a1 = 

1.21 Rem + 0.13 Rem 

2.16E-03 Rem + 8.8E-05 Rem 

= 

= 

1.34 Rem 

2.25E-03 Rem 

As discussed above, the mitigated consequences are the same as the unmitigated 
consequences. 

Key Parameters and Assumptions-Unmitigated Acci~ent Analysis 

Assumptions made in the unmitigated accident analysis are summarized below: 

• No credit was taken for administrative controls; operating procedures, and personnel training. 

• It was assumed that there are no monitoring systems for parameters such as tank dome 
pressure, liquid level, fan operability, and valve position. 

• No credit was taken for the capability of the HV AC system to balance air flow and maintain 
negative air pressure in the tank with respect to the environment. 

• The probability of HEPA filter blowout was estimated based on engineering judgement. For 
conservatism, it was assumed that if the pressure in the HV AC system exceed the HEPA filter 
failure threshold, both HEPA filters in series in the HVAC system would fail. Thus, no 
credit was taken in the unmitigated accident analysis for HEPA filtration of the released 
aerosols. 

• It was assumed that all of the ventilation flowpaths between the AW tanks ( common exhaust 
header) are closed and all pressure generated in Tank AW-105 would be directed towards the 
exhaust filtration system. 

Key Parameters and Assumptions-Mitigated Accident Analysis 

Several assumptions were made in the mitigated accident analysis to quantify the accident 
frequencies, hence, to validate these assumptions, controls are necessary to ensure that these 
assumptions are true and applicable during the transferring process. These are: 
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• K Basin sludge must be sampled to evaluate waste compatibility in a general sense (Le., 
examine bulk sludge data relative to tank farm waste acceptance criteria). The sludge must be 
characterized to determine if there are chemicals in the sludge that are incompatible with the 
waste in Tank AW-105. This is necessary to guarantee that mixing will not result in runaway 
chemical reactions. Other bulk sludge characteristics that may have an effect on its 
acceptability at tank farms include pH, corrosivity (nitrate, nitrite, and hydroxide ion 
concentrations), fissile content, Cs-137 and Sr-90 concentrations, specific gravity, and 
pyrophoric material content. All of these parameters will require validation prior to 
acceptance of the material at tank farms. 

• Following validation and acceptance of the bulk sludge characteristics, each shipment was 
assumed to be sampled to verify the sludge characteristics of each individual shipment are 
within tank farm acceptance requirements. Procedures describing the conduct of these 
sampling activities will need to be prepared. In this manner, tank farms will have given 
general approval to start shipping based on the bulk sludge characteristics and will also be 
able to verify that the contents of each shipment are within limits. 

• Additional assumptions were made that additional pressure introduced to the tank from the 
transfer pump and the amount of sludge entering Tank AW-105 must be controlled to ensure 
tank dome pressures remain within the design limits. Because this analysis is based on the 
estimated compositions in K Basin sludge and the current contents of Tank AW-105, other 
additions to Tank AW-105 before and during~ Basin sludge transferring process may impact 
these results. The compatibility of all materials being transferred to the tank must be 
examined and apprpriate chemical adjustments made to prevent such chemical reactions . 

• Credit was not taken in the mitigated accident analysis for HEPA filtration. 

• It was assumed that operators are trained and operating procedures are in effect that describe 
appropriate HV AC system operating procedures, testing and maintenance programs, and 
responses to alarms and faults that may occur. 

7.2.5.4 Comparison with Guidelines 

Based on the results presented above, the umitigated and mitigated onsite radiological doses 
are above the risk evaluation guidelines for Anticipated scenarios (0.5 Rem) and below the guidelines 
for Unlikely scenarios (5 Rem). The offsite consequences are below guidelines for both Anticipated 
and Unlikely events. Hazardous chemical exposures, including exposures to toxic and 
corrosive/irritant materials, are below both onsite and offsite guidelines. 

7.2.5.5 

Safety SSCs 

Summary of Safety-Class SSCs and TSR Controls 

The designation of safety SSCs related to failures of the HV AC system in a DST that contains 
commingled DST wastes and K Basin sludge would not be different than the safety classifications for 
DST wastes without K Basin sludge because the risk guideline comparisons in the safety assessment 
were consistent with those in the TWRS BIO (i.e., unmitigated doses above onsite and below off site 
guidelines and mitigated doses below guidelines). No credit was taken in the accident analysis for 
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successful functioning of tank structures and systems (i.e., HVAC system, HEPA filters, air balance, 
etc.). Credit was taken for a release-limiting parameter and that is the 6 m3 per shipment capacity of 
the Sludge Transportation System. This assumption would need to be factored into the limits 
established in the Sludge Transportation System SARP but would not translate into SSC analysis or 
TSR's for tank farms. Consequently, there are no safety class SSCs associated with this accident 
scenario. 

TSR Controls 

The following items were determined to be candidates for TSR controls. Final TSRs will be 
prepared following completion of the Sludge Transportation System and Sludge Transfer Station 
design activities. Two mitigative measures were credited in the accident analysis , as described below: 

• K Basin sludge characterization and waste compatibility evaluations were assumed to correctly 
identify the quantities of chemicals added to the sludge to adjust the pH to tank waste 
conditions. 

• Credit was taken in the mitigated accident analysis for proper adjustment of the pH of K 
Basin sludge to tank waste pH conditions prior to transferring the sludge into the tank. This 
would be a safety significant control as only the onsite risk guidelines were exceeded by this 
scenario. 

7.2.6 Flammable Gas Deflagration 

This scenario considers a flammable-gas release followed by exposure to a source of ignition 
resulting in a deflagration event. Offloading and storing K Basin sludge in tank AW-105 is almost 
certain to increase flammable gas generation, such as H2 , and NH3 • Steady state and episodic releases 
of flammable gases or Gas Release Events (GREs), are evaluated here. The deflagration accident 
frequencies and consequences are analyzed and provided in the following sections. 

7 .2.6.1 Ignition Sources 

The results of the analysis presented in the following sections indicate the ignition frequencies 
are approximately the same as those estimated by Powers and Sawtelle (1996) . Addition of K Basin 
sludge could, however, increase the likelihood of flammable gas deflagration due to introducing an 
additional ignition source into the tank (i.e. , potentially pyrophoric materials) . Pyrophoric reaction 
phenomena are addressed in Section 7. 2. 7. In addition, the possibility that a flammable atmosphere 
exists in the tank headspace will increase as a result of K Basin sludge additions, given the 
observation in the laboratory that hydrogen gas was generated after canister sludge samples were 
aspirated. The effects of the addition of K Basin sludge on steady-state flammable gas generation and 
the time to reach 25 % of the LFL of hydrogen gas was estimated in Appendix G. As shown, the 
steady-state flammable gas concentration after the sludge transfers was about 2.67% of the LFL. This 
can be compared to the calculated steady-state concentration in AW-105 as it currently exists or about 
0 .03% (Hodgson et al. 1996). Consequently, a higher steady-state flammable gas concentrations 
would be obtained after transfering the sludge into the tank; however, the steady-state concentration 
would still be well below the 25 % LFL limit as long as the ventilation system is functioning properly. 
Comparison with other flammable gas calculation results in Hodgson et al. (1996), including surface 
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level rise and barometric pressure correlation methods, are not applicable as they are based on in-tank 
measurements which do not exist for commingled K Basin sludge and DST wastes. In addition, the 
calculations in Appendix G determined that the 25 % LFL limit would never be reached if the HV AC 
system is functioning properly and it would take in excess of 4 days to reach this limit. if the HV AC 
system fails . 

In order for a gas deflagration to occur, concentrations of flammable gas in excess of the 
Lower Flammable Limit (LFL) and an ignition source must occur simultaneously. The purpose of 
this section is to identify and evaluate potential ignition sources. Almost all of the following 
discussions related to the ignition sources are taken from WHC-SD-WM-CN-041 , Rev. 0. (Powers 
and Sawtelle 1996). In this document, two different types of ignition sources were analyzed; first, 
ignition sources that can exist undetected prior to a GRE, and second, ignition sources that come into 
existence after a GRE. The methodologies for calculating ignition source probabilities and/or 
frequencies described in this document are summarized below. In some cases , these methodologies 
were modified to incorporate the additional ignition sources that would occur during the K-Basin 
offloading and storage processes. 

Method for Calculating Ignition Source Probabilities That Can Exist Undetected Prior to a GRE 

. For ignition sources that can exist undetected prior to a GRE, the deflagration rate is a GRE 
rate combined with the probability that the ignition source exists during that period of time 
[deflagration rate = GRE rate * probability an ignition source exists given the occurrence of a GRE]. 

The method for calculating the probability of ignition for each identified ignition source 
involves understanding how each piece of equipment could fail and produce an ignition source, or 
what phenomena could occur that would result in the production of an ignition source. Once the 
equipment failures or phenomena are postulated that could produce an ignition possibility, 

. probabilities are calculated that represent these failures or phenomena. 

Method for Calculating Ignition Source Rates That Comes into Existence after a GRE 

For ignition sources that come into existence after a GRE occurs, the deflagration frequency 
is the product of the frequency at which an ignition source would exist and the probability that the 
tank headspace is in a hazardous condition (>25% LFL) [deflagration rate = ignition rate* 
probability that headspace is hazardous] . 

The method for calculating ignition source rates has the same basis as that described in the 
above section for calculating the ignition source probabilities. The ignition sources that come into 
existence after a GRE must be identified, the mechanisms of failure causing an ignition to exist must 
be understood, and the average rate .that a potential ignition source can be capable of producing an 
ignition source (X) is represented on a per year basis. 

Ignition Source Probability Estimation 

The ignition source probabilities and/or frequencies provided in this section were taken 
primarily from Powers and Sawtelle (1996). In some cases, modifications were made to incorporate 
the additional deflagration scenarios arising from offloading and storage of K Basin sludge in AW-
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105. In this document, a probability of l.0E-05 was assigned to each potential instrumentation spark 
source which was ranked as "low," "very low," or "none, " by Powers and Sawtelle. This 
probability of l .0E-05 is assumed to be on a per year basis so the constant component failure rate is 
l.0E-05/year. This constant component failure rate is the rate that the instrumentation could fail in a 
way to produce a spark. Existing instrumentation and equipment that could create ignition sources for 
tank A W-105 during waste transfer and storage are as follows : 

• Thermocouple style A • Waste or water addition 
• FIC real type conductivity gauge • Hot drilling chips 
• Standard hydrogen monitoring system • Tank high-level detector 
• Video camera and lights • Slurry distributor 
• Pump pit leak detector - conductivity • Primary tank active ventilation system 
• Transfer pump (in pump pit) • Vehicle fuel fire 
• Welding or torch burning slag/hot metal • Grinding causes sparks 
• Manual tape with portable conductivity meter • Brush fire 
• Electrical equipment used outside tank • Adjacent tank fire 
• Lightning strike • Seismic event 
• Still camera and lights • Removing riser cover 
• Installation of various equipment (e.g ., thermocouple tree, miscellaneous waste temperature 

sensor, air lance, etc.) 

The results of this assessment are summarized in Table 7.31. 

Tank Instrumentation - Based on the above assumption, the following pieces of instrumentation and 
equipment were each assumed to have a bounding constant component failure rate leading to an 
ignition source of 1.0E-05/year: 

• 
• 

Thermocouple style A 
Standard hydrogen monitoring system. 

• 
• 

FIC real type conductivity gauge 
Manual tape with portable conductivity 
meter 

Tank High-level Detector - There are two mechanisms by which a tank high-level detector can 
produce a spark. Either the waste level rises to the level of the detector and activates the detector 
causing a spark, or there is enough moisture in the air to activate the detector causing a spark. 

An ignition source (spark) was assumed to occur if the waste level rises to the level of the 
detector. Current estimates are that a total about 360 m3 (96,000 gal.) of sludge and basin water will 
be transported over a three-year shipping campaign. As designed, the maximum storage capacity of 
Tank AW-105 is 1.16 million gallons at a liquid level of 35 ft 2 in. Based on the January 7, 1996 
FIC reading from PC-SACS, Tank AW-105 contains a total of 379,000 gallons of waste (Hodgson et 
al. 1996). The addition of K Basin sludge will increase the total waste volume in Tank AW-105 to an 
estimated 476,000 gallons, which represents about 173 inches of waste (assuming 2750 gallons per 
inch). This waste level is much lower than the high-level detector. The probability of the tank high
level detector producing an ignition source due to overfilling by K Basin sludge is thus very small; 
however, a mistransfer of waste that results in an unplanned rise in tank level may occur. A 
mistransfer may cause the waste level to reach the capacity limit, resulting in conductive liquid 
contacting the conductivity probes and creating a spark. · The probability of a tank high-level detector 
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Table 7.31. Probabilities and Frequenci~ of Ignition Sources 

Unmitigated Ignition Mitigated Ignition 
Probability Probability 

or or 
Instrumentation/Equipment Frequency Frequency 

Thermocouple Style A l.0E-05/yr l.0E-05/yr 

FIC real type conductivity gauge l.0E-05/yr . l .0E-05/yr 

Manual Tape with Portable Conductivity Meter l.0E-05/yr l.0E-05/yr 

Standard Hydrogen Monitoring System 1.0E-05/yr 1.0E-05/yr 

Tank High-level Detector 6.0E-03 6.0E-05 

Video Camera and Lights 1.0 1.0E-05 

Slurry distributor l.0E-03 I.0E-05 

Pump Pit Leak Detector - Conductivity 1. 86E-02/yr 1.0E-05/yr 

Primary Tank Active Ventilation System 5 .26E-01/yr 3.0E-05/yr 

Transfer Pump (In Pump Pit) 1. 78E-02/yr I. 78E-05/yr 

Vehicle Fuel Fire l .55E-04/yr 1.55E-05/yr 

Hot Drilling Chips 4 .5E-Ol/yr 4 .SE-03/yr 

Welding or Torch Burning Slag/Hot Metal 7.5E-02 7.5E-05 

Grinding Causes Sparks 2.SE-02 2.5E-04 

Electrical Equipment Used Outside Tank 1.0 1.0E-03 

Brush Fire 3. 72E-03/yr 3. 72E-04/yr 

Lightning Strike 3.0E-03 /yr 3.0E-04/yr 

Seismic Event 9.0E-04 /yr 9.0E-04 /yr 

Still Camera and Lights 1.0 1.0E-05 

Removing Riser Cover 1.0 l.0E-04 

Waste or Water Addition 1.0 1.0E-04 

Installation of Various Equipment 1.0 l.0E-03 
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If there is enough moisture in the air to activate the detector, it was assumed that sparking 
will occur. The probability of a spark due to moisture following a gas release event was estimated to 
be l.0E-03 (Powers and Sawtelle 1996). 

The total unmitigated probability of a spark related to tank high-level detector was estimated 
to be (5.0E-03) + (l.0E-03) = 6.0E-03. For the mitigated scenario, the total mitigated probability 
of a spark related to tank high-level detector was estimated to be 6 .0E-05. This was calculated 
assuming human intervention could prevent moisture from contacting the high-level detectors. An 
estimated human error rate of lE-02/demand was used to model the probability that operators would 
fail to shut off power to all high-level detectors in a tank containing flammable gas. 

Video Camera and Lights - It is assumed cameras and lights are installed and used continuously. 
The video camera systems when energized were assigned an unmitigated probability of ignition of 
1.0, given that a flammable atmosphere exists . The mitigated probability of ignition was assumed to 
be l .0E-05 because credits were taken for the purge systems and explosion-proof lights on the 
camera. 

Slurry Distributor - When water or sludge is moving through the slurry distributor, there is a . 
potential for build up of electrostatic charge. The unmitigated probability of an ignition source was 
assumed to be l.0E-03, and the mitigated probability of an ignition source was estimated to be (1.0E-
03) * (l.0E-02 human error to attach bonding) = l.0E-05 . 

Pump Pit Leak Detector - The pump pit leak detector ·is essentially the same type of circuit as the 
tank high-level detector. There are three proposed scenarios by which the pump pit leak detector 
could be activated: 1) rainfall/snow melt could activate the detector; 2) a leak in the pump pit through 
which the sludge will be transferred could activate the detector; and 3) moisture in the pit atmosphere 
could activate the detector. 

In all three scenarios, it was assumed that the probability that the pump pit atmosphere is 
flammable given that the tank atmosphere is flammable has a probability of l .0E-01. For the first 
scenario, it was assumed there are two days per year in which there is either sufficient rainfall or 
snow melt to leak into unsealed pump pits and cause a spark when conductive liquid connects the two 
probes of the pit leak detector. It was conservatively assumed that all pump pits will leak given 
enough moisture. Thus the fraction of a year that any pump pit leak detector would produce an 
ignition source is (2 days/yr)/ (365 days) = 5.5E-03 per year. The ignition frequency of this 
scenario was estimated to be (5.5E-03/yr) * (l.0E-01) = 5.5E-04 per year. 

For the second scenario, the ignition frequency calculation involves multiplying together the 
number of transfers per year, the duration of each transfer, the frequency of occurrence of a leak into 
the pump pit, and the probability of propagation 1nto the tank. As mentioned in Section 7 .2.3.1, the 
annual number of K-Basin sludge transfer was estimated to be 74 transfers per year. Assume the 
duration per each transfer is 8 hours. Leakage was assumed to occurs in the pump pit from a gasket 
or jumper at the conservative frequency of 3.0E-05/hr (Eide 1990, Page 13). The ignition frequency 
was estimated to be (74 transfers/yr) * (8 hrs/transfer)* (3 .0E-05/hr) * (l.0E-01) = l.78E-03/yr. 
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For the third scenario, the ignition probability was calculated involves multiplying the 
probability of increased moisture in the pump pit that causes a pump pit leak detector to spark by the 
probability of propagation into the tank. The probability of the pump pit leak detector creating a 
spark, due to increased moisture, was estimated to be 1.0E-04 (Powers and Sawtelle 1996, Page 31) 
or the ignition frequency can be rounded up to 1.0E-04 per year. The ignition frequency was 
estimated to be (1.0E-04/yr) • (1.0E-01 probability of propagation) = 1.0E-05 per year. 

Based on the above, the total unmitigated ignition source frequency of the three scenarios was 
estimated to be (5.5E-05/yr) + (l.78E-03/yr) + (1.0E-05/yr) = 1.86E-03 per year. The total 
ignition source frequency without the probability of propagation of deflagration from the pump pit to 
the tank was estimated to be 1.86E-02 per year. For the mitigated scenario, the ignition frequency 
was estimated to be l .0E-05 per year based on information provided in Powers and Sawtelle (1996, 
Rev. 0, Section 6.5). 

Primary Tank Active Ventilation System - Active ventilation systems typically have components 
such as fan motors and blowers, motor operated dampers, pressure and flow instrumentation, pressure 
switches, heaters, and temperature sensors. All such active systems represent potential ignition 
sources. 

Differential pressure gauges and switches are connected to the air stream via sensing lines. 
The pressure switches control 120 V AC circuits and are considered to have a high capability for 
ignition. These switches have a probability of producing an ignition source of 1.0. It is recognized 
that the ignition of flammable gases at the switches can't propagate back to the ventilation duct and 
then back to the tank unless the concentration of flammable gases is high enough, and may not be 
able to propagate through the sensing lines because of cooling effects of the walls of the small 
diameter tubing. · 

The motor on a motor operated damper uses a single phase 115 V AC motor. This motor has 
a probability of ignition 1.0 when operating. But this motor is outside the ventilation duct, and the 
question of the possibility of propagation of an ignited flammable gas mixture back into the ventilation 
duct and tank vapor space must be considered. 

The blowers or fans are not made of non-sparking materials. All primary ventilation fans 
have some capability of being an ignition source from fan misalignment or overheating of bearings. 
The ignition source was assumed to be from fan blades contacting the fan housing due to an 
improperly balanced system that does not cause the fan to shutdown catastrophically. This failure rate 
was assumed to be 3.0E-05/hour (Eide 1990, Page 19, ventilator fans failure to run; assuming that 
this failure rate could represent fan imbalance). The frequency at which this system would generate 
an ignition source was estimated to be (3.0E-05/hr) • (8760 hrs/yr) = 2.63E-01 per year. 

The temperature sensors are ranked "low" by Powers and Sawtelle (1996) as an ignition 
source so it was assigned a probability of 1.0E-05. 

Based on the design for the heater elements of the primary ventilation system, the heater 
elements are ranked "medium to high" as an ignition source (Scaief 1996, Page 10). Since the fan 
and the heater elements are both ranked at least "medium," it is assumed that the heater elements 
have the same ignition frequency as the fan to produce an ignition which is 2.63E-01 per year. 
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The total unmitigated ignition frequency caused by ventilation equipment is estimated to be 
(2.63E-Ol/yr) + (2.63E-Ol/yr) = 5.26E-01 per year. From Powers and Sawtelle (1996, Rev. 0, 
Section 6 .6), the total mitigated frequency was assumed to be (l.0E-05/yr) + (1.0E-05/yr) + (l.0E-
05/yr) = 3.0E-05 per year. 

Transfer pump - The motors on transfer pumps are three-phase induction type motors . When 
operating as designed, they cannot spark or generate high temperatures. It was assumed a transfer 
pump.motor fails in such a way as to produce a spark at the frequency of 3.0E-05/hr (Eide 1990, 
Page 12, motor failing to run; assuming all the failures represented by this failure cause a spark). It 
was also assumed that the probability of propagation from the pump pit to the tank has a probability 
of l.0E-01. The unmitigated ignition frequency was estimated to be (3 .0E-05/hr) * (74 K-Basin 
sludge shipments/yr) * (8 hrs/ K-Basin sludge shipment) = l.78E-02 per year. The mitigated 
frequency was estimated to be (1.78E-02/yr) * (l.0E-03 human error with independent verification to 
ensure the transfer pump is deenergized prior to K Basin sludge transfers) = l.78E-05 per year. 

Vehicle Fuel Fire - This scenario represents the ignition source associated with a vehicle driven in a 
tank farm which collides with a riser, ruptures the fuel tank, ignites the spilled fuel by the collision or 
hot engine parts, and spills the burning fuel down the riser. 

In Powers and Sawtelle (1996), a frequency of one vehicle accident fuel tank rupture per year 
in all the tank farms was assumed. This frequency was put on a "per vehicle entry into the tank 
farm" basis by the estimated number of vehicle entries into a tank farm. It was assumed there were 
520 DST farm entries per year. Thus the probability of a vehicle collision with a riser in a tank farm 
per vehicle entry resulting in rupturing the fuel tank was estimated to be (1 rupture/yr) * (1 yr/ 520 
DST farm vehicle entries) = 1.92E-03/DST farm vehicle entry. As mentioned before, the addition of 
74 shipments (tank farm entries) of K-Basin sludge transferring process would be added. The 
frequency of a vehicle collision with a riser in AW Tank Farm for all entries is estimated to be 
(1.93E-03/vehicle entry) * {(74 K-Basin sludge transferring entries/yr) + (520 other activity DST 
farm entries I 6 DST farms)} = 3. lE-01 per year. 

Other factors that must be factored into the calculation to represent this scenario are the 
probability of a riser breaking due to the vehicle collision, probability of fuel igniting by the collision 
or by the heat from the engine, and probability of burning fuel entering the tank riser. The following 
probability values were taken from Powers and Sawtelle (1996): 

• a probability of 5.0E-01 was assigned for a riser breaking due to the vehicle collision 

• a probability of l .0E-02 was assigned for a fuel igniting by the collision or by the heat from 
the engine 

• a probability of l.0E-01 was assigned for a burning fuel entering the tank riser. 

Therefore, the unmitigated ignition frequency regarding vehicle accidents is estimated to be 
(3. lE-01/yr) * (5.0E-01) * (l.0E-02) * (l.0E-01) = l.55E-04 per year. For the mitigated frequency 
regarding vehicle accidents, credit was taken for controls on the design of the vehicle by mechanically 
protecting the fuel tank which reduces the ruptures by an assumed factor of 10. Hence, the mitigated 
frequency was estimated to be (l.55E-04/yr) * l.0E-01 = 1.55E-05 per year. 
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Hot Drilling Chips - Tanlc fann operations occasionally require drilling on tank structures such as 
risers. In order for hot drilling chips to be an ignition source in a tank, the drilling must occur on or 
near an opening to the tank vapor space. The probability of any given drilling activity being 
performed on a riser (drilling into a riser cover while still bolted to the riser) was assumed to be 
l.0E-01. For drilling which was near enough to a riser (but not directly on the riser cover) so that 
hot drilling chips could enter the riser if open, the probability that the riser is open was assumed to be 
5.0E-01. Thus the probability of the two possible scenarios together for the drill chips entering a 
tank's vapor space was estimated to be l.0E-01 + ( l.0E-01 * 5.0E-01) = l.5E-Ol. The unmitigated 
rate of ignition source generation related to drilling activities was calculated assuming 3 drilling 
activities per tank year. Thus, the rate was rounded up to 4.5E-Ol per year (3 drilling activities/yr• 
l .SE-01). The mitigated rate of ignition source related to drilling activities was calculated assuming 3 
drilling activities per tanlc per year and controls on how and when drilling is performed to prevent 
drilling chips from entering the tanlc. The ignition source generation rate was rounded up to 4.SE-03 
per year (3 drilling activities/yr * l .SE-01 hot drilling chips in tank per drilling activity * 0.01 
human error related to preventing drilling chips from entering the tank = 4.SE-03 per year). 

Welding or Torch Burning Slag or Hot Metal - For welding or torch activities to produce burning 
slag or hot metal that contacts a flammable gas envirorunent in a tank, the welding or torch activities 
must occur on or near an opening to the tank vapor space. The probability of any given welding or 
torch activity being performed on a riser (welding or torch activity on a riser cover while still bolted 
to the riser) was estimated to be less than drilling, so 5.0E-02 per welding or torch activity was 
assigned. If welding or torch activities were near enough to a riser (but not directly on the riser 
cover) so that burning slag or hot metal could enter the riser if open, the probability that the riser is 
open was assumed to be 5.0E-01. Thus the unmitigated probability of the two possible scenarios 
together for burning slag or hot metal entering a tank's vapor space was estimated to be 5.0E-02 + 
(5.0E-02 * 5.0E-01) = 7.5E-02. The mitigated probability was estimated to be (7.SE-02) * (l.0E-03 
human error with independent verification) = 7 .5E-05 

Grinding - For grinding to be an ignition source in a tank, the grinding must occur on or near an 
opening to the tank vapor space. The probability of any given grinding activity being performed on a 
riser or near enough to a riser that grinding sparks could enter the riser if open was assumed to be 
5.0E-02. If grinding was near enough to a riser so the grinding sparks could enter the riser if open, 
the probability that the riser is open was assumed to be 5.0E-01. Thus, the unmitigated probability 
for grinding sparks entering a tank's vapor space was estimated to be 5.0E-02 * 5.0E-01 = 2.5E-02. 
The mitigated probability for grinding sparks entering a tank's vapor was estimated to be (2.5E-02) * 
(l.0E-02 human error related to preventing grinding sparks from entering the tank) = 2.5E-04. 

Electrical Equipment Used Outside a Tank - For electrical equipment that is used outside a tank to 
be an ignition source in a tank, it is recognized that flammable gases must exist outside the tank that 
can be ignited plus a high enough concentration of flammable gases is required for propagation of the 
ignited flammable gases back into the tank vapor space. It was assumed that the probability of 
propagation of deflagration from outside the tank into the tank vapor space has a probability of l .0E-
01. The unmitigated probability of electrical equipment used outside a tank being an ignition source 
was assumed to be 1.0. The mitigated probability, assuming reliable human actions are taken to 
prevent generation of an ignition source outside the tanlc (especially if one considers there is already a 
flammable gas watchlist tank, AW-101, in the same tank fann as the K Basin sludge receiver tanlc) 
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was assumed to be l.0E-03, based on the human error probability, with independent verification, to 
. follow the existing flammable gas controls in the tank farm. 

Brush Fire - Two potential scenarios are examined here for a brush fire to cause an ignition source 
that could be propagated into a tank. First a range fire could start outside a tank farm and burning 
material could enter the tank farm and an opening to a tank. Second a vehicle could collect brush 
under the vehicle, be driven into a tank fann, be ignited by hot exhaust system or engine, and 
burning material could enter an opening to a tank. 

For a range fire that starts outside a tank farm, based on information from the Hanford Fire 
Departtnent, the frequency that the fire occurs in a 5,000-acre section that includes a tank farm was 
estimated to be 2.80E-03/yr. The probability that burning material would enter a tank when present 
in the tank farm was assumed to be l.0E-01. In a controlled situation, it was assumed that brush is 
cleared from the inside of a tank farm; therefore, an additional factor of lE-01 was applied to the 
unmitigated probability to estimate the effects of removing brush and combustible material from the 
tank farm. Based on the above, the unmitigated ignition frequency was estimated to be 2.80E-03/yr * 
l.0E-01 = 2.80E-04/yr, and the mitigated ignition frequency was estimated to be 2.80E-03/yr * 
l.0E-01 * 1.0E-01 = 2.80E-05/yr. 

For a vehicle-started brush fire, the frequency of 1 yehicle brush fire per 9 years in all tank 
fanns is put on a "per vehicle entry into a tank farm.'' basis by dividing by the estimated number of 
vehicle entries into a tank farm. The frequency was estimated to be (1 vehicle brush fire/9 years) * 
(1 yr/520 DST farm vehicle entries) * (161 AW tank farm entries for both K-Basin transfer and other 
activities/yr) = 3.44E-02 per year. The unmitigated frequency of a vehicle brush fire getting inside 
the tank was estimated to be (3.44E-02/yr) * (l.0E-01) = 3.44E-03 per year. For the mitigated 
frequency, checking under trucks for brush and removing it before entering the tank farm was 
credited, resulting in an estimated mitigated frequency of (3.44E-02/yr) * (l.0E-01) * (l.0E-01) = 
3 .44E-04/year. 

For the brush fire scenario, the total unmitigated frequency was estimated to be (2.8E-04/yr) 
+ (3 .44E-03/yr) = 3.72E-03 per year, and the total mitigated frequency was estimated to be (2.8E-
05/yr) + (3 .44E-04/yr) = 3.72E-04 per year. 

lightning strike - Based on the number of times lightning struck the ground including the Hanford 
site over a five year period from January 1, 1991 to January 1, 1996 as documented by Global 
Atmospherics, Inc., a lightning strike frequency of 6 .0E-02 strikes per square kilometer per year is 
used as the base lightning strike frequency for this calculation. A nominal sized tank farm is 5.0E-02 
square kilometers. Thus the lightening strike frequency on a nominal tank farm is 3.0E-03 per year. 
It was conservatively estimated that the unmitigated frequency of sparks created by lightning strikes is 
3.0E-03 per year. A probability of l .0E-01 was taken for credit of lightening protection reduction, 
thus the mitigated frequency was estimated as (3.0E-03/yr) * (l.0E-01) = 3.0E-04 per year. 

Seismic Event - It was assumed that a 0.2g earthquake will cause an ignition source within the tank 
dome space with a probability of 1.0 due to metal striking metal or electrical faults producing sparks . 
Based on the return rate for a 0.2g earthquake from a recent Hanford Site seismic hazard analysis 
report (WHC 1996e), the rate of a 0.2g earthquake at Hanford was rounded up to 9.0E-4/year. The 
rate of seismic events of 0.2g was assumed for both the unmitigated and mitigated ignition rate. 
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Still Camera and Lights - The unmitigated probability of ignition for still camera and lights was 
assumed to be 1.0 because these camera and lights were not designed to operate in a flammable gas 
environment and produce an electrical flash as part of operation. The mitigated probability of ignition 
was assumed to be 1.0E-05 because of design of the camera and lights to industrial standards for 
flammable gas environments. 

Removing Riser Cover - The unmitigated probability of ignition from electrostatic sparks caused by 
removing riser covers was assumed to be 1.0, because there would be no provisions for bonding and 
grounding in an unmitigated situation and electrostatic sparks would be expected as part of operation. 
The mitigated probability of ignition was assumed to be 1.0E-02 because of human error in failing to 
apply the bonding and grounding provisions when a procedure says to use them. If human reliability 
related to bonding and grounding is brought to its best by superior procedures and independent 
verification, the mitigated probability of ignition with high human reliability was estimated to be 
1.0E-4. 

Waste or Water Addition - Since waste or water addition to a tank is a waste intrusive activity, the 
probability of waste or water addition producing an ignition source, due to electrostatic sparks, will 
be on a per waste or water addition activity basis . When air or water is moving through conduits 
there is a potential for build up of electrostatic charge. The unmitigated probability of waste flowing 
into a tank that produces an ignition source is essentially zero if the conductivity of the waste is 
greater than the conductivity of sea water. If the waste had a conductivity less than sea water, the 
mitigated probability of producing an ignition source for waste flow could be essentially zero if the 
conductivity is changed to be greater than sea water prior to the waste transfer. For flow into a tank, 
there may be possibilities to ground the water piping unless it is totally buried. If bonding ·is possible 
for water addition and if human reliability related to bonding and grounding is brought to its best by 
superior procedures and independent verification, the mitigated probability of ignition with high 
human reliability was estimated to be l.0E-04. 

Installation of Various Equipment into Waste - Since installation of equipment like thermocouple 
trees, instrumentation, etc., into a tank is a waste intrusive activity, the probability of installation of 
equipment into the waste producing an ignition source, due to electrostatic sparks or mechanical 
sparks, will be on per installation activity basis. The unmitigated probability that installation of 
equipment into waste in a tank produces an ignition source was assumed to be 1.0 . The mitigated 
probability of producing an ignition source was estimated to be l .0E-03, which credited human error 
with independent verification of bonding/grounding or extreme care in installation. 

7 .2.6.2 Flammable Gas Concentration Probability and GRE Frequency Estimation 

The following sections describe the assumption and methodology that were used to estimate 
the probability that flammable gas concentration greater than 25 % of the LFL exist in the tank dome 
and the GRE frequency . 

Probability of Flammable Gas Concentration Exceeding 25 % of lFL 

Flammable gases are constantly generated by all of the radioactive wastes and K-Basin sludge. 
While a fraction of the gas is retained in the waste, a portion of this generated gas is continuously 
released at a very low rate. Gas releases are managed by diluting and removing the gases from the 
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tank dome space through active or passive ventilation to prevent a steady accumulation of gas to 
flammable concentrations. Concentrations are maintained as low as practical with the existing 
ventilation configuration. In addition, maintaining low concentrations in the vapor spaces reduces the 
severity of gas release events by providing relatively clean air in which to dilute the released gases. 

Two probability values for the concentration of the release gases including gas releases from 
K-Basin sludge and water in the tank headspace were estimated using standardized methods and data 
(see Appendix G). Two steady-state cases were evaluated, one for the mitigated scenario and another 
one for the unmitigated scenario. In the mitigated scenario, the ventilation system of the tank was 
assumed to operate at its full capacity of 70 ft3/min. In the unmitigated scenario, no credit was taken 
for the ventilation system and/or any procedures or qualified equipment. 

In the unmitigated scenario, it was assumed that the ventilation system does not exist. The 
only release path to the atmosphere for the accumulated flammable gases in the headspace is the 
0.45 % natural breathing. Under these conditions, the estimated bounding flammable gas 
concentration would reach 1,278% LFL (See Appendix G). This concentration is well above the 25% 
LFL level. Hence, the probability of flammable gas concentration without active ventilation is 
assumed to be 1. 

In the mitigated scenario with the ventilation system operating, the steady-state flammable gas 
concentration in the tank headspace was calculated to be 2.67% of the LFL, well below the 25% LFL 
limit. This result indicates that the ventilation system would be adequate to keep the .tank headspace 
flammable gas concentration generated from the combined A W-105 and K Basin sludge wastes well 
below 25 % of the LFL under steady-state conditions. 

For the mitigated scenario, the ventilation system is credited with providing a flow rate in the 
headspace that maintains the steady-state flammable gas concentrations well below the lower 
flammability limit as discussed in the previous section. The probability of flammable gas 
concentration was estimated by multiplying the failure probability of the ventilation system by the 
failure probability of the recovery action within 4 days (see Appendix G). Thus, the probability of 
flammable gas concentration was estimated to be (9.28E-02 ventilation system unavailability) * (l.0E-
02 failure to recovery ventilation system) = 9.28E-04. The ventilation system unavailability, or the 
instantaneous failure probability, was calculated in Appendix E. 

Gas Release Events Frequency 

Some portion of the gas is generated and retained within the AW-105 solids and K-Basin 
sludge. Retained gases can include fuel (e.g. , hydrogen, ammonia, methane) and therefore a sudden 
or rapid release could result in flammable concentrations. The gases can be released from the waste 
and bum in the tank vapor spaces if ignited. Periodically, the waste may spontaneously release large 
volumes of trapped gas which can raise the gas concentrations in the vapor space to flammable levels 
in a very brief period of time. The K-Basin sludge transfer process may trigger an induced release of 
retained gas. There are three potentially significant contributions to the frequency of a flammable gas 
release event that may result in tank dome failure and/or HEPA filter damage and/or waste fire if 
ignited. These are the rollovers, or sudden buoyant displacement of trapped .gases that have been 
observed to occur in some tanks (such as 101-SY); waste intrusive due to K Basin sludge offloading 
activities; and releases induced by seismic events. In this study, the frequency of flammable gas 
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releases induced by seismic events was considered as a "common cause" event (resulting in GRE and 
ignition sources at the same time), and was treated independently. 

As described above, it is assumed that a 0.2g earthquake will cause an ignition source within 
the tank dome space with a probability of 1.0 due to metal striking metal or electrical faults producing 
sparks. It is also recognized that the seismic event, including after shocks, could result in the release 
of gases from a tank at the same time as the ignition source is produced or exists. Seismic event is 
treated as a common cause event and it is assumed the rate of seismic events of 0.2g is the rate of 
deflagration for both unmitigated and mitigated cases (Powers and Sawtelle 1996, Rev. 0). The 
frequency of a 0 .2g earthquake at Hanford was rounded up to 9.0E-04/year. 

K-Basin sludge and/or flush water addition to a tank is considered as a waste intrusive activity 
that may result in gas release. Based on the information provided in Powers and Sawtelle (1996), it 
was assumed that addition of K-Basin sludge will cause a GRE once every 100 transfers. Thus, the 
frequency of GRE due to sludge and/or water addition to Tank A W-105 is estimated at: 

frequency (waste intrusive activity 
leading to GRE) 

= Number of transfers per year * 1/100 * P 

= 74/yr * 1/100 * 1.0E-01 
= 7 .4E-02/yr 

where P is the probability of the gas release which retains greater than the LFL and is exposed to the 
ignition source (sparks). 

Based on the information provided in Powers and Sawtelle (1996), Rev. 0, the frequency of 
flammable gas releases due to rollovers was judged to be "Beyond Extremely Unlikely" and this 
frequency was bounded by the frequencies of seismic event and waste intrusive activity. 

7.2 .6.3 Deflagration Frequency Estimation 

The deflagration frequencies were estimated by multiplying the ignition source probability 
and/or frequency by the corresponding probability that flammable gas exceeds 25 % of the LFL and/or 
the GRE frequency. In some cases, the probability of ignition source propagation, based on the 
rationale and basis provided by Powers and Sawtelle (1996), were credited. The probabilities of 
failure to recover that were credited in the mitigated scenarios were also estimated using the 
rationale/basis provided by Powers and Sawtelle (1996). The values used in the calculations below 
were derived in Sections 7 .2.6.1 and 7 .2.6.2. The results of the calculations are summarized in 
Table 7.32. 

Thermocouple Style A; FIC Real Type Conductivity Gauge; Manual Tape with Portable 
Conductivity Meter; and Standard Hydrogen Monitoring System - The unmitigated deflagration 
rate for each of these instrumentation and/or equipment was estimated to be (l.SE-05/yr) * (1.0 
probability of flammable gas concentration greater than LFL) = l.SE-05 per year. The mitigated 
deflagration rate was estimated to be (l.SE-05/yr) * (9.28E-04 probability of flammable concentration 
greater than LFL) = l.39E-08 per year. 
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Table 7 .32. Deflagration Rates Related to Various Ignition Sources 

Unmitigated Mitigated 
Frequency Frequency 

Instrumentation/Equipment (per year) (per year) . 

Thermocouple Style A l.5E-05 l.38E-08 

FIC Real Type Conductivity Gauge l.5E-05 l.38E-08 

Manual Tape with Portable Conductivity Meter l.5E-05 l.38E-08 

Standard Hydrogen Monitoring System l.SE-05 l.38E-08 

Tank High-level Detector 4.44E-04 4 .44E-06 

Video Camera and Lights 7.4E-02 7.4E-07 

Slurry Distributor 7.4E-05 7.4E-07 

Pump Pit Leak Detector - Conductivity l .86E-02 9.28E-09 

Primary Tank Active Ventilation System 5.26E-03 2.78E-10 

Transfer Pump (In Pump Pit) 1.78E-03 l.65E-10 

Vehicle Fuel Fire l.55E-04 l.44E-08 

Hot Drilling Chips 4.SE-01 4 .18E-06 

Welding or Torch Burning Slag/Hot Metal 5.55E-03 5.55E-06 

Grinding Causes Sparks l.85E-03 1.85E-05 

Electrical Equipment Used Outside Tank 7.4E-03 7.4E-06 

Brush Fire 3.72E-03 3.45E-08 

Lightning Strike 3.0E-03 2.78E-07 

Seismic Event 9.0E-04 9.0E-04 

Still Camera and Lights 7.4E-01 7.4E-06 

Removing Riser Cover 7.4E-01 7.4E-07 

Waste or Water Addition 5.0E-03 5.0E-09 

Installation of Various Equipment 3.37E-03 3.37E-08 

Adjacent Tank Fire 5.65E-02 4.16E-06 
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Tank High-level Detector - The unmitigated rate of deflagration for the tank high-level detector was 
estimated to be (7.4E-02 GRE/yr) * (6.0E-03 probability of ignition) = 4.44E-04 per year. The 
mitigated rate of deflagration was estimated to be (7.4E-02 GRE/yr) * (6.0E-05 probability of 
ignition) = 4.44E-06 per year. 

Video Camera and lights - The unmitigated rate of deflagration related to the video camera and 
lights was estimated to be (7.4E-02 GRE/yr) * (1.0 probability of ignition) = 7.4E-02 per year. The 
mitigated rate of deflagration was estimated to be (7.4E-02 GRE/yr) * (1.0E-05 probability of 
ignition) = 7.4E-07 per year. 

Slurry Distributor - The unmitigated rate of deflagration for the slurry distributor was estimated to 
be (7.4E-02 GRE/yr) * (l.0E-03 probability of ignition) = 7.4E-05 per year. The mitigated rate of 
deflagration was estimated to be (7.4E-02 GRE/yr) * (1.0E-05 probability of ignition) = 7.4E-07 per 
year. 

Pump Pit Leak Detector - The unmitigated rate of deflagration for the pump pit leak detector was 
estimated to be (l.86E-02/yr) * (1.0 probability of flammable gas concentration greater than LFL) = 
l.86E-02 per year. The mitigated deflagration rate was estimated to be (1.0E-05/yr) * (9.28E-04 
probability of flammable concentration greater than LFL) = 9.28E-09 per year. 

Primary Tank Active Ventilation System - The unmitigated rate of deflagration related to the 
primary tank active ventilation system producing a spark was estimated to be (5.26E-Ol/yr) * (1.0 
probability of flammable gas concentration greater than LFL) * (1.0E-02 propagation) = 5.26E-03 
per year. The mitigated deflagration rate was estimated to be (3.0E-05/yr) * (9.28E-04 probability of 
flammable concentration greater than LFL) * (1.0E-02 propagation) = 2.78E-10 per year. 

Transfer Pump - The unmitigated rate of deflagration related to the transfer pump motor producing a 
spark was estimated to be (l.78E-02/yr) * (1.0 probability of flammable gas concentration greater 
than LFL) * (1.0E-01 propagation) = 1.78E-03 per year. The mitigated deflagration rate was 
estimated to be (1.78E-05/yr) * (9.28E-04 probability of flammable concentration greater than LFL) * 
(1.0E-02 propagation) = 1.65E-10 per year. 

Vehicle Fuel fire - The mitigated rate of deflagration related to a vehicle collision in a tank farm 
causing burning fuel to spill into a tank riser was estimated to be (1.55E-04/yr) * (1.0 probability of 
flammable gas concentration greater than LFL) = 1.55E-04 per year. The mitigated deflagration rate 
was estimated to be (l.55E-05/yr) * (9.28E-04 probability of flammable concentration greater than 
LFL) = 1.44E-08 per year. 

Hot Drilling Chips - The unmitigated rate of deflagration related to drilling activities was estimated 
to be (4.SE-01/yr) • (1.0 probability of flammable gas concentration greater than LFL) = 4.SE-01 
per year. The mitigated deflagration rate was estimated to be (4.SE-03/yr) * (9.28E-04 probability of 
flammable concentration greater than LFL) = 4 .18E-06 per year. 

Welding or Torch Burning Slag/Hot Metal - The unmitigated rate of deflagration related to welding 
or torch activities was estimated to be (7.4E-02 GRE/yr) * (7.SE-02 probability of ignition) = 5.55E-
03 per year. The mitigated rate of deflagration was estimated to be (7.4E-02 GRE/yr) * (7.SE-05 
probability of ignition) = 5.55E-06 per year. 
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Grinding Causes Sparks - The unmitigated rate of deflagration related to grinding activities was 
estimated to be (7.4E-02 GRE/yr) * ( 2.5E-02 probability of ignition) = 1.85E-03 per year. The. 
mitigated rate of deflagration was estimated to be (7.4E-02 GRE/yr) * (2.5E-04 probability of 
ignition) = l.85E-05 per year. 

Electrical Equipment Used Outside Tank - The unmitigated rate of deflagration for electrical 
equipment that is used outside a tank was estimated to be (7 .4E-02 GRE/yr) * (1.0 probability of 
ignition) * (l.0E-01 probability of propagation) = 7 .4E-03 per year. The mitigated rate of 
deflagration was estimated to be (7.4E-02 GRE/yr) * (l.0E-03 probability of ignition) * (l.0E-01 
probability of propagation) = 7 .4E-06 per year. 

Brush Fire - The unmitigated rate of deflagration related to brush fires was estimated to be (3. 72E-
03/yr) * (1.0 probability of flammable gas concentration greater than LFL) = 3.72E-03 per year. 
The mitigated deflagration rate was estimated to be (3. 72E-04/yr) * (9 .28E-04 probability of 
flammable concentration greater than LFL) * (l.0E-01 clearing brush from tank. farm) = 3.45E-08 
per year. 

Lightning Strike - The unmitigated rate of deflagration related to lightning was estimated to be 
(3.0E-03/yr) * (1.0 probability of flammable gas concentration greater than LFL) = 3.0E-03 per 
years The mitigated deflagration rate was estimated to be (3.0E-03/yr) * (9.28E-04 probability of 
flammable concentration greater than LFL) * (l.0E-01 lightning protection reduction) = 2.78E-07 per 
year. 

Still Camera and Lights - The unmitigated rate of deflagration related to the intrusive activity of 
using a still camera and lights was estimated assuming 10 camera activities per tank. per year to be ( 10 
camera activities/tank.) (7.4E-02 GRE/yr) * (1.0 proba6ility of-ignition) = 7.4E-01 per year. The. 
mitigated rate of deflagration was estimated to be (10 camera activities/tank) * (7.4E-02 GRE/yr) * 
(1.0E-05 probability of ignition) = 7.4E-06 per year. 

Removing Riser Cover - The mitigated rate of deflagration· related to electrostatic sparks was 
estimated assuming 100 riser cover removals per tank per year to be (100 riser cover removals/yr) * 
(7.4E-02 GRE/yr) * (1.0 probability of ignition) = 7.4E-Ol per year. The mitigated rate of 
deflagration was estimated to be (100 riser cover removals/yr) * (7.4E-02 GRE/yr) * (l.0E-04· 
probability of ignition) * (1.0E-03 human error in failing to apply bonding and grounding provisions 
with independent verification) = 7.4E-07 per year. 

Waste or Water Addition - The unmitigated rate of deflagration related to the waste or water 
addition activities was estimated (74 waste or water addition activities/yr) * (8 hrs/activity) * (1 yr / 
8760 hr) • (7.4E-02 GRE/yr) * (1.0 probability of ignition) = 5.0E-03 per year. The mitigated rate 
of deflagration was estimated to be (74 waste or water addition activities/yr) • (8 hrs/activity) • (1 yr 
/ 8760 hr) • (7.4E-02 GRE/yr) * (1.0E-04 probability of ignition) * (1.0E-02 human error to 
bond/ground properly) = 5.0E-09 per year. 

Installation of Various Equipment - The unmitigated rate of deflagration related to the equipment 
installation activity was estimated assuming 50 equipment installation activities per year to be (50 
activities/yr) * (8 hrs/activity) • ( 1 yr/ 8,760 hr) * (7.4E-02 GRE/yr) * (1.0 probability of ignition) 
= 3.37E-03 per year. The mitigated rate of deflagration was estimated to be (50 activities/yr) • (8 
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hrs/activity)• ( 1 yr I 8,760 hr)• (7.4E-02 GRE/yr) • (1.0E-03 probability of ignition) • (1.0E-02 
human eqor to bond/ground properly) = 3.37E-08 per y~. 

Adjacent Tank Fire - The unmitigated rate of deflagration for adjacent tank fire was estimated by 
summing the deflagration rates for all the ignition sources listed below and then reducing the rate by a 
factor of ten to account for an assumed probability of propagation from one tank to another. 

• Thermocouple style A 
• FIC real type conductivity gauge 
• manual tape with portable conductivity meter 
• standard hydrogen monitoring system, tank high-level detector 
• - video camera and lights 
• slurry distributor 
• · pump pit leak detector 
• primary tank active ventilation system 
• transfer pump 
• vehicle fuel fire 
• hot drilling chips 
• welding or torch burning slag/hot metal 
• grinding 
• electrical equipment used outside tank 

7.2.6 .4 Accident Scenario Development 

As described in the draft TWRS BIO (LMHC 1997), the gas volume introduced by the gas 
release event may be enough to make a portion or all of the headspace flammable, i.e., above the 
lower flammable limit. If the release occurs over a small area of the waste surface, i.e., a local 
release, only a portion of the headspace may be flammable. This is a transient condition and because 
of diffusion, convection, and the ventilation, flammable concentrations will be short lived. As 
discussed above, ignition sources can be found either inside or outside the tank. Hence, the accident 
scenarios that were developed depend upon the gas characteristics and the location of ignition sources. 
The combinations of these events (i.e., [1] flammable gas concentration exceeds LFL and the 
frequency of ignition, and [2] GRE frequency with probability of ignition) will result in the 
deflagration scenario. An event tree was developed to identify the accident sequences and to provide 
the mathematical framework for the estimation of accident frequencies. The computer code IRRAS 
5.50 (Russel et al. 1992) was used for model development and a computer spreadsheet (Microsoft 
EXCEL) was used "for the quantification. 

The event tree shown in Figure 7 .8 starts with the initiating event named "DEFLA" which 
represents all deflagration events discussed in the previous sections. It was conservatively assumed 
that the HEPA filter will fail (rupture) or be bypassed due to overpressure given that flammable gas 
initiation occurs. The top event named "FILTERDA" is placed in the event tree to represent the 
conditional probability of HEPA filter blowout. Other failures, such as tank dome failure and waste 
fire, are also addressed in the event tree model. Top event named "DOMECOLL" represents the 
condition of dome failure and top event . named "W ASTEIGN" represents the condition in which the · 
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DEFLA DOMECOLL WASTEIGN FILTERDA SEQ # OUTCOME 

I 1. NO-RELEASE 

I z FILTER-RELEASE 

3 WASTE-FIRE-RE 

4 DOME-COLL-REA 

5 DOME-.WASTE-RE 

. 

Figure 7 .8. Event Tree for Flammable Gas Deflagration 

flammable gas deflagration creates a fire involving the solids in the waste tank. Table 7 .33 provides 
the probability values related to the top events and the associated basis/rationale. 

The event tree outcomes depend upon the location of the failures. Based on the event tree 
model, four accident end-states were identified. The consequences range from filter-release to dome 
failure and waste fire . Table 7 .34 provides the descriptions of the accident end-states in detail. 

Two accident scenarios were considered for deflagration events, unmitigated accident scenario 
and mitigated accident scenario. The accident scenarios with controls are the same as the accident 
scenarios without controls. However, the probabilities of occurrence are reduced through the 
implementation of the controls. Only the initiating event in the event tree model is affected by the 
controls . 
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Table 7 .33. Top Event Descriptions and Probabilities 

Event Name Event Description Probability Basis/Rationale 

DEFLA Deflagration Initiating Event See Table 7 .32 

DOMECOLL No dome collapse from fire 9.0E-01 Engineering Judgement - It was 
- A_ significant portion of the assumed that 9 out of 10 
tank dome fails structurally. deflagration events cause tank 

dome rupture. 

WASTEIGN No waste ignition - The l.0E-01 From WHC-SD-WM-SAD-036, 
dome space fire results in requires high temperature for 
waste combustion extended time and close contact 

with waste. 

FILTERDA Filter intact - Exhauster 1.0 Engineering Judgement - It was 
HEP A filters are not conservatively assumed all 
damaged by the fires . deflagration events cause HEP A 

filter damage. 

Table 7 .34. Outcome Descriptions 

Outcome Description 

NO-RELEASE Aboveground fires do not cause any radioactive or toxic material release. 

FILTER-RELEASE Burning results in release of the exhauster HEP A material burden. 

WASTE-FIRE-RE Waste radioactive and toxic combustion products release. 

DOME-COLL-REA Tank dome detlagration-induced collapse results in an aerosol and toxic-
gas release. 

DOME-WASTE-RE Initial tank dome deflagration-induced collapse aerosol release followed 
by waste radioactive and toxic combustion products release. 

Unmitigated Accident Frequency 

In the unmitigated accident scenario, no credit was taken for ignition source controls, physical 
barriers, qualified equipment, or administrative controls. The initiator "DEFLA" was substituted by 
the unmitigated deflagration frequencies provided in Table 7.32. Each accident outcome was 
estimated by multiplying the unmitigated deflagration frequencies by the probability values of the top 
events. As mentioned above, it was conservatively assumed that the HEPA filter will fail given the 
deflagration event occurs. Hence, the frequency of filter-release end state is represented by the total 
deflagration frequency. 
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Table 7.35 provides the unmitigated accident frequencies for various ignition sources. The 
first column in this table identifies the potential ignition sources. The second column within the table 
provides the unmitigated deflagration frequencies related to the particular ignition sources. The third 
column provides the accident frequencies associated with filter-release outcome. The fourth column 
provides the accident frequencies associated with waste-fire outcome. The fifth column provides the 
accident frequencies associated with tank dome collapse outcome. And the last column in the table 
provides the accident frequencies associated with dome collapse with waste-fire outcome. 

Mitigated Accident Frequency 

The mitigated accident frequency estimations for the deflagration events with controls are the 
same as the estimations for unmitigated accident frequencies, however, SSCs and TSR are credited 
with reducing the frequency of the initiating event. The frequency and/or probability reductions 
related to the ignition sources, ORE, and flammable gas concentration were discussed in the previous 
sections. The mitigated accident frequencies are provided in Table 7.36. The total accident 
frequency for each individual outcome is provided in the last row of this table and that for the filter
release outcome was estimated to be 5.43E-05 per year. The total accident frequency for the waste 
fire release outcome was estimated to be 5.43E-07 per year and the frequency for the dome failure 
outcome was estimated to be 4.40E-05 per year. The frequency of dome collapse with waste fire was 
estimated to be 4.89E-06 per year. 

Common Cause Frequency 

As discussed previously, a seismic event is considered as the common cause event which 
would cause an ignition source within the tank dome space with a probability of 1.0 and could result 
in the release of gases from Tank AW-105 at the same time; because of this reason, seismic event is 
treated separately. The event tree shown in Figure 7 .5 was used to estimate the accident frequencies 
related to seismic event. In this study a frequency of 9.0E-04/yr was assigned for a 0.2g earthquake 
(it is assumed that a 0.2g earthquake will cause the deflagration event), and the accident frequencies 
were found as: 

Accident frequency regarding Filter release outcome 
Accident frequency regarding waste fire outcome 
Accident frequency regarding dome collapse outcome 
Accident frequency regarding dome collapse with waste fire outcome 

= 9. 0E-04 per year 
= 9.0E-06 per year 
= 7 .29E-04 per year 
= 8. lE-05 per year. 

As can be seen, the frequencies associate with HEPA filter failures and subsequent mechanical 
releases are in the Unlikely frequency category. Sequences leading to tank dome failure with or 
without waste fires are in the Extremely Unlikely frequency category; These frequencies are applied 
for both unmitigated and mitigated scenarios. 

7 .2.6.5 Source Term Analysis 

Releases of tank waste from flammable gas deflagrations have been studied extensively in 
support of the TWRS BIO, including a Justification for Continued Operation (JCO; Grigsby and 
Leach 1996) that addressed the hazards and proposed controls associated with flammable gas and 
slurry growth in Hanford's tank farm facilities. The TWRS BIO concludes that the risks of 
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Table 7 .35. Unmitigated Accident Frequencies 

Instrumentation/Equipment Unmitigated Sequence#2 Sequence#J Sequence#4 Sequence#5 

Deflagration FILTER-RELEASE WASTE-FIRE-RE DOME-COLL-REA DOME-WASTE-RE 
Frequency Accident Accident Accident Accident 
(per year) Frequency Frequency Frequency Frequency 

(per year) (per year) (per year) (per year) 

tniermocouple Style A 1.S0E-05 1.S0E-05 1.S0E-07 1.22E-05 1.35E-06 

~RAF Level Gauge 1.S0E-05 1.S0E-05 1.S0E-07 1.22E-05 1.35E-06 

~IC Real Type Conductivity Gauge 1.S0E-05 1.S0E-05 1.S0E-07 1.22E-05 1.35E-06 

~anual Tape with Portable Conduc. Meter 1.S0E-05 1.S0E-05 1.S0E-07 1.22E-05 1.35E-06 

Standard Hydrogen Monitoring System 1.S0E-05 1.S0E-05 1.S0E-07 1.22E-05 1.35E-06 

!rank High Level Detector 4.44E-04 4.44E-04 4.44E-06 3.S0E-04 4.00E-05 

Video Camera and Lights 7.40E-02 7.40E-02 7.40E-04 5.99E-02 6.66E-03 

Sluny Distributor 7.40E-05 7.40E-05 7.40E-07 5.99E-05 6.66E-06 

Pump Pit Leak Detector - Conductivity 1.86E-02 1.86E-02 1.86E-04 1.51E-02 1.67E-03 

Primary Tank Acthle Ventilation System 5.26E-03 5.26E-03 5.26E-05 4.26E-03 4.73E-04 

Transfer Pump (In Pump Pit) 1.78E-03 1.78E-03 1.78E-05 1.44E-03 1.60E-04 

Vehicle Fuel Fire 1.SSE-04 1.SSE-04 1.SSE-06 1.26E-04 1.40E-05 

Hot Drilling Chips 4.S0E-01 4.S0E-01 4.S0E-03 3.65E-01 4.0SE-02 

Welding or Torch Burning Slag/Hot Metal 5.SSE-03 5.SSE-03 5.SSE-05 4.S0E-03 5.00E-04 

Grinding Causes Sparks 1.BSE-03 1.BSE-03 1.85E-05 1.S0E-03 1.67E-04 

Electrical Equipment Used Outside Tank 7.40E-03 7.40E-03 7.40E-05 5.99E-03 6.66E-04 

Brush Fire 3.72E-03 3.72E-03 3.72E-05 3.01E-03 3.35E-04 

Lightning Strike 3.00E-03 3.00E-03 3.00E-05 2.43E-03 2.70E-04 

Still Camera and Lights 7.40E-01 7.40E-01 7.40E-03 5.99E-01 6.66E-02 

Removing Riser Cover 7.40E-01 7.40E-01 7.40E-03 5.99E-01 6.66E-02 

Waste or Water Addition 5.00E-03 5.00E-03 5.00E-05 4.0SE-03 4.50E-Oi1 

natallation of Various Equipment 3.37E-03 3.37E-03 3.37E-05 2.73E-03 3.03E-04 

~jacent Tank Fire 5.65E-02 5.65E-02 5.65E-04 4.SBE-02 5.09E-03 

K Basin Sludge Safety Assessment 7.108 May 30, 1997 



Rev. B 

Table 7 .36. Mitigated Accident Frequencies 

Instrumentation/Equipment Mitigated Sequence#2 Sequence #3 Sequence#4 Sequence#5 

Deftagration FILTER-RELEASE lwASTE-FIRE-RE DOME-COLL-REA DOME-WASTE-RE 

Frequency Accident Accident Accident Accident 

(per year) Frequency Frequency Frequency Frequency 

(per year) (per year) (per year) (per year) 

rrtlennocouple Style A 1.38E-08 1.38E-08 1.38E-10 1.12E-08 1.24E-09 

ENRAF Lewi Gauge 1.38E-08 1.38E-08 1.38E-10 1.12E-08 1.24E-09 

IFIC Real Type Conductivity Gauge 1.38E-08 1.38E-08 1.38E-10 1.12E-08 1.24E-09 

~anual Tape with Portable Conduc. Meter 1.38E-08 1.38E-08 1.38E-10 1.12E-08 1.24E-09 

Standard Hydrogen Monitoring System 1.38E-08 1.38E-08 1.38E-10 1.12E-08 1.24E-09 

rTank High-leVIII Detector 4.44E-06 4.44E-06 4.44E-08 3.60E-06 4:00E-07 

fJldeo Camera and Lights 7.40E-07 7.40E-07 7.40E-09 5.99E-07 6.66E-08 

$1uny Distributor 7.40E-07 7.40E-07 7.40E-09 5.99E-07 6.66E-08 

Pump Pit Leak Detector - Conductivity 9.28E-09 9.28E-09 9.28E-11 7.52E-09 8.35E-10 

Primary Tank ActlYe Ventilation System 2.78E-10 2.78E-10 2.78E-12 2.25E-10 2.S0E-11 

Transfer Pump (In Pump Pit) 1.65E-10 1.65E-10 1.65E-12 1.34E-10 1.49E-11 

Vehicle Fuel Fire 1.44E-08 1.44E-08 1.44E-10 1.17E-08 1.30E-09 

Hot Drilling Chips 4.18E-06 4.1ae:.oo 4.18E-08 3.39E-06 3.76E-07 

Weldlng or Torch Burning Slag/Hot Metal 5.55E-06 5.55E-06 5.55E-08 4.50E-06 5.00E-07 

Prinding Causes Sparks 1.BSE-05 1.85E-05 1.85E-07 1.S0E-05 1.67E-06 

J3ectrical Equipment Used Outside Tank 7.40E-06 7.40E-06 7.40E-08 5.99E-06 6.66E-07 

~rush Fire 3.45E-08 3.45E-08 3.45E-10 2.79E-08 3.11E-09 

Wghtnlng Strike 2.78E-07 2.78E-07 2.78E-09 2.25E-07 2.50E-08 

$till Camera and Lights 7.40E-06 7.40E-06 7.40E-08 5.99E-06 6.66E-07 

~emoving Riser Cowr 7.40E-07 7.40E-07 7.40E-09 5.99E-07 6.66E-08 

Waste or Water Addition 5.00E-09 5.00E-09 5.00E-11 4.05E-09 4.50E-1C 

nstallation of Various Equipment 3.37E-08 3.37E-08 3.37E-10 2.73E-08 3.03E-O~ 

l'djacent Tank Fire 4.16E-06 4.16E-06 4.16E-08 3.37E-06 3.74E-07 

[Total 5.43E-05 5.43E-05 5.43E-07 4.40E-05 4.89E-OE 

flammable gas deflagratiops are, "significantly above guidelines with existing and available controls." 
The JCO concludes that passive or active ventilation is required to control risks associated with steady 
state gas generation and the risks of retained gases would be managed by controlling ignitions sources 
and continuous monitoring. This was interpreted here as an indication that the consequences of a 
flammable gas deflagration event are unacceptable so efforts to control flammable gas accident risks 
are focused on preventing accumulation of flammable atmospheres and on controlling the frequencies 
of ignition sources. Even though addition of K Basin sludge may increase the risks of flammable gas 
deflagration in A W-105, the radioactive and hazardous chemical releases to the environment and 
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subsequent MEI exposures are already unacceptable. Therefore, a source term analysis is not 
necessary for this assessment. However, an approximate source term, based on information in the 
TWRS BIO and supporting calculation note (WHC 1996t), was developed for comparison purposes. 

There are two components of the release from a gas deflagration; 1) material located in the 
ventilation system at the time deflagration occurs, and 2) aerosols generated from the tank surface by 
the deflagration energy (i.e., entrained material). 

Ventilation system material was assumed to be equivalent to 0.001 L of sludge liquids, based 
on a similar assumption made in WHC (1996t) regarding DST. liquid equivalence. 

Aerosols generated from the tank waste were estimated under the assumption that a layer of K 
Basin sludge rests on top of other waste in AW-105 and is the only material entrained when the 
deflagration occurs. This implies that the K Basin sludge layer in the tank would shield the wastes 
located in layers below the sludge from the effects of the deflagration. For this configuration, there 
are two components to the release of entrained material; 1) material in the tank vapor space that 
would be swept out of the tank by the deflagration event, and 2) material entrained from the waste 
surface by the flame front. The unmitigated release quantities from these two release components for 
DSTs given in WHC (1996t) were 2.76 L for a deflagration event only and 7.74 L of DST solids for 
a pump ejection event. 

Mitigated source terms were not calculated for this accident scenario as no mechanisms or 
controls are currently available to mitigate the consequences of a flammable gas deflagration. 
Therefore, the source term from the mitigated accident scenario is the same as the unmitig~ted source 
term. 

7 .2.6.6 Consequence Analysis 

A slightly different consequence analysis methodology was used to calculate the doses from 
the flammable gas deflagration event involving K Basin sludge. The methodology is the same as that 
used in the BIO for inhalation dose calculations; i.e., use of ULDs rather than sludge unit doses 
presented in Table 7.9. This is because the material released from this event includes only material at 
or near the top of the waste surface, or liquid layer, in the tank. Therefore, only material with 
radionuclide and toxic chemical composition of K Basin sludge liquids (i.e., K Basin water) would be 
released. The ULD given in Section 7.1 for K Basin sludge liquids was l.63E+05 Rem/L. The 
doses to onsite and offsite MEis were then calculated using the following general formula: 

Dose = ST * ULD * BR * X/Q 

Substituting the appropriate release quantity and onsite receptor values into this formula results in the 
following: 

Deflagration 

Onsite Dose = 
= 

(2.76 L) (l.63E+05 Rem/L) (3.3E-04 m3/sec) (0.034 sec/m3
) 

5.1 Rem 
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Offsite Dose 

Pump Ejection 

Onsite Dose 

Offsite Dose 

= 
= 

= 
= 

= 
= 

(2.76 L) (l.63E+05 Rem/L) (2.7E-04 ml/sec) (2.8E-05 sec/ml) 
3.4E-03 Rem 

(7.74 L) (l.63E+05 Rem/L) (3.3E-04 ml/sec) (0.034 sec/ml) 
14.2 Rem 

(7.74 L) (l.63E+05 Rem/L) (2.7E-04 ml/sec) (2.8E-05 sec/ml) 
9.SE-03 Rem 

Rev. B 

The pump ejection mechanism results in higher consequences so it will be used for the rest of this 
analysis. In addition, the consequences of release of ventilation system material is negligible 
compared to the pump ejection mechanism. Therefore, the total unmitigated radiological 
consequences are 14.2 Rem to the onsite MEI and 0.0095 Rem to the offsite MEI. These are also the 
mitigated consequences. These mitigated scenario consequences exceed onsite guidelines for all three 
frequency categories so as long as the mitigated scenario is judged to be credible, and it is in the 
1WRS BIO, this event will exceed onsite risk guidelines . The offsite consequences of the mitigated · 
and unmitigated scenarios are substantially below the risk guidelines. 

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

7.2.6.7 Summary of Safety-Class SSCs and TSR Controls 

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

Safety SSCs 

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

The annulus leak detection system is designated as safety class. This will ensure that the 
system is available to detect and alarm the presence of waste in the annuli of Tank AW-105. 

K Basin Sludge Safety Assessment 7.111 May 30, 1997 



Rev. B 

TSR Controls 

The proposed TSR controls for the prevention or mitigation of deflagrations in Tanlc AW-105 
are primarily those required to ensure the operability of the SC and SS features, i.e.,: 

• Primary tan1c ventilation systems 

• The annulus leak detection system 

• Prevent ignition sources 

• Maintain permanent gas monitors on tan1c 

• Ensure that waste transfers don't create a flammable gas deflagration hazard outside the safety 
envelope 

• Ensure that the Tanlc Waste Remediation System Emergency Preparedness Program includes 
specific emergency plans and procedures addressing required actions for possible flammable 
gas fires and explosions. 

The following criteria are used for all equipment that is installed or used during work 
activities for that portion of the equipment that can contact the undiluted gases and is applied to vapor 
space locations when a GRE is postulated to create flammable conditions. 

1. Mechanical tooling, equipment and materials shall be constructed of spark-resistant material, 
or shall be rendered incapable of sparking, or shall have been analyzed and evaluated to not 
be capable of sparking under the applied conditions. Material compatibility shall be evaluated 
for thermite reaction potential. 

2. Electrostatic ignition sources shall be controlled by providing bonding or grounding according 
to NFPA 77. 

3. Exposed polymer materials shall be rendered incapable of electrostatic charge or discharge 
potential either by design or through acceptable work around practices. 

4. The surface temperatures of heat-generating devices shall not exceed 80% of the autoignition 
temperature of the flammable gas or a maximum of 160 °c (320 °F) if the device can contact 
the waste and cause ignition by triggering exothermic reactions in the waste. Internal 
temperatures of heat generating devices may exceed 80 % of the autoignition temperature if 
the heat source is either isolated from the gas environment, or if the design of the device 
enclosure meets the requirements for explosion-proof housings . 

5. Electrical equipment shall be designed to meet NFPA 70, Class 1, Division 1, Group B 
criteria to the maximum extent practical for those equipment that can contact the undiluted 
gases. Electrical equipment shall be designed to meet NFPA 70, Class I, Division 2, Group 
B criteria to the maximum extent practical for those equipment in the vapor space locations 
when a GRE is postulated to create flammable conditions. 
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6. For those equipment that can contact the undiluted gases, shutdown of purged and pressurized 
electrical equipment and purged and pressurized heat-generating equipment, upon loss of 
protective gas pressure or flow, shall be automatic by design as defined by NFPA 496 (1993) 
Type X pressuriz.ation. For those in the vapor space locations, either automatic shutdown or 
alarming with manual shutdown will be required upon loss of protective gas pressure or flow 
as defined by NFPA 496 (1993) Type Z pressurization. 

7. For equipment that can contact the undiluted gases, interlocked start-up of purged and 
pressurized electrical or purged and pressurized heat-generating equipment shall only be 
allowed upon system sensing of pre-set safety limits. If pressurized enclosures are used to 
isolate energized components, a minimum of four enclosure volumes shall be purged through 
the enclosure for energized components, and/or 10 volume shall be purged for enclosed 
motors prior to controlled start-up of the system components (NFPA 70 1996), (NFPA 496 
1993). For those in the vapor space locations, automatic or manual start-up of purged and 
pressurized electrical or purged and pressurized heat-generating equipment shall only be 
allowed upon system sensing of pre-set safety limits. If pressurized enclosures are utilized to 
isolate energized components, a minimum of four enclosure volumes shall be purged through 
the enclosure for energized components, or 10 volumes shall be purged for enclosed motors 
prior to controlled start-up of the system components (NFPA 70 1993, NFPA 496 1993). 
When combustible gas detection shut down systems are employed, start-up of equipment shall 
only be allowed once measured acceptable flammable gas levels are indicated. 

7 .2. 7 Uranium Metal Pyrophoricity 

The analysis ~vestigated the pyrophoricity of the N Reactor fuel in K Basin including Zr and 
U metals as accident initiators. Based on the characteristics of the metals, current and proposed 
handling conditions, and the conditions necessary to support spontaneous ignition, Zr was not 
evaluated further. Uranium metal is pyrophoric and can react violently under certain chemical states 
of the me_tal (e.g., unreacted metal, oxide or hydride) and environmental conditions (e.g., external 
heat, dry air, ignition source). 

This analysis evaluates the potential for a U metal fire during transfer and storage of K Basin 
sludge in AW-105 and the consequences associated with the fire involving in-tank flammable gas and 
organic solvents due to the spontaneous ignition of U metals in the sludge. · 

7 .2. 7 .1 Background 

Although gas bubbles have been observed to emanate from the K Basin sludge, current 
operations at K Basin indicate that there are no flammability issues associated with underwater storage 
of the K Basin sludge. Prior to transferring the K Basin sludge to Tank AW-105, two operations or 
processes (in addition to the transport of the sludge from K Basin to the AW Tank Farm) are 
performed at K Basin that can potentially impact the pyrophoricity of the U Metal in the sludge. 
These operations include sludge retrieval from the basin and chemical adjustment with sodium 
hydroxide, sodium nitrate and iron to meet tank farm waste acceptance criteria. 

The rate of oxidation for unreacted metals is dependent on the following factors; 1) 
temperature, 2) surface area to mass ratio of the metal and/or its hydride, 3) oxygen concentration, 4) 
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concentration of moisture, 5) the type and extent of alloying (not evaluated), and 6) the presence of a 
protective oxide layer. Increases in the first four factors increase the rate of oxidation, whereas, an 
increase in the protective layer of oxide decreases the rate of oxidation. 

A recent heat transport modeling paper on uranium ignition assisted by hydride fonnation 
(Totemeier and Hayes 1996) demonstrates that the surface to volume ratio of the metal powders is a 
major factor determining whether ignition is possible. The surface temperature for ignition in air is 
approximately 450°C. If the specimen surface area to volume ratio is small, the heat is transported 
internally (into the metal) and the surface region may never reach the autoignition temperature. If the 
liberated heat was transported into the liquid phase, an analogous condition would result. Peacock 
(1992) has calculated, based on area/volume ratios, that uranium metal spherical particles ~0.16 cm 
(1/16") in diameter can not ignite in air at room temperature. Ignition of uranium fuel has been 
observed under highly specific conditions (Solbrig, Krsul, and Olsen 1994): The fuel was sealed in 
containers which may have leaked and allowed some water to enter but little or no air. Consequently, 
the uranium corrosion reaction was dominated by reaction with water that lead to hydrogen and 
hydride formation. Combustion took place when the fuel was suddenly exposed to air. With respect 
to K Basin, the significance is that an example of combustion of uranium which was maintained under 
water could not be found in the literature. It is hypothesized that the reason uranium is difficult to 
selfignite under water is due to the superior heat transport of water as compared to air so that the 
surface temperature does not reach the autoignition temperature. 

The oxidation process is a continuous process in which the U metal reacts with oxygen or 
water to form duplex oxide layers. The inner barrier layer is a thin, tenacious layer that directly 
forms on the metal with a thicker outer oxide layer between the barrier layer and the external 
environment. Both layers will inhibit oxidation by retarding the migration of oxygen or water 
molecules from the surrounding media to the U metal substrate. However, as this is a continuous 
process, some oxygen or water molecules can penetrate both layers, oxidizing the metal further and 
causing the outer layer of oxide to slough or spall off the metal exposing or damaging the inner 
barrier layer. This process will continue, as shown below, until all of the available metal or oxygen 
source· is consumed. The reactions with water but particularly oxygen liberate large amounts of heat. 

U + 2H2O • UO2 + 2H2 (g) + heat (AG0 = -133 Kcal/mole) 
2U + 3H2 (g) • 2UH3 + heat (AG0 = -35 Kcal/mole) 
2UH3 + 202 (g) • 2UO2 + 3H2 (g) + heat (AG0 = -229 Kcal/mole) 
U + 0 2 (g) • UO2 + heat (AG0 = -250 Kcal/mole) 

Recently, Spent Nuclear Fuel project characterization personnel investigated the properties of 
_the sludge within canistered fuel at the K East Basin. Samples were vacuum drawn underwater from 
canisters in the basin. The. sample size was approximately 500ml and consisted of particles up to 
0.25 in., in cross section. The samples were transferred from a transfer container into 2-Liter 
graduated cylinders at an onsite laboratory, for sludge settling studies. The samples were aspirated 
using atmosphere and helium lances and allowed to settle. It was observed that hydrogen gas was 
slowly evolved from the sludge at the bqttom of the graduated cylinders . X-ray diffraction of sludge 
samples did not reveal the presence of any metallic uranium. 

There is no detailed understanding of what chemical processes took place when the canister 
sludge was aspirated in the graduated cylinders. However, the evolved hydrogen gas must have come 
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from the corrosion of metallic uranium fuel since xenon isotopes were identified in the gas and the 
cesium content increased in the solution above the sludge samples. The lack of x-ray diffraction 
confirmation of metallic uranium could be due to inhomogeneous sampling (i.e., the dense uranium 
metal or discrete large particles settled to the bottom of the cylinder and were not captured in the 
sample) or the complete corrosion of small uranium particles by the time the x-ray analysis was 
accomplished. What is known is that the ruptured fuel has been exposed to aqueous conditions for 
many years. It- is surmised that the suction wand may have broken off pieces of uranium metal 
during its penetration into the recesses of the ruptured fuel canister. The significant question is 
whether uranium metal which has been exposed to water for long periods of time (meaning it is oxide 
coated) and because of fracture has oxide-free surfaces suddenly exposed can corrode so rapidly with 
concomitant heat evolution that it evolves into underwater burning or pyrophoricity. 

A recent literature review (see Appendix F) was concerned with the aqueous corrosion of 
uranium metal and reactor grade fuel. Tyfield ( 1988) has made the most important experimental and 
relevant contributions to this field. All the aqueous corrosion work bas focused on the determination 
of the steady state corrosion rates of uranium over significant periods of time, not the short periods 
associated with the sudden exposure of an oxide-free surface that must repassivate (and liberate heat 
during that passivation process). Tyfield (1988) determined that reactor grade uranium corrodes at a 
very low rate at ambient temperatures (conditions applicable to K-basin) in pure water of about 450 
mg U/m2h (8 mils/y), a rate that has not been observed to lead to underwater pyrophoricity. 
Tyfield's work does not mention how the uranium was pre-conditioned before starting his tests, but 
there is a strong implication that it was pre-exposed to _storage pool .water conditions until the fuel 
cooled down. None of the references that Danielson (1995) (see Appendix F) found indicated that 
uranium metal underwent an uncontrolled reaction (runaway) in aqueous conditions, and the paper by 
Johnson et al (1994) makes a similar observation. The low corrosion rate would insure that metallic 
uranium would exist for many years in the K-basin. Calculations in Appendix F indicate that a 1/4" 
diameter piece of uranium would require 46 years for complete dissolution; consequently, it should be 
no surprise that metallic uranium still exists in the ruptured fuel of K Basin. 

The question of why metallic uranium exists in the K Basin but the evolution of gas 
(bubbling) from these regions has been observed to essentially stop seems inconsistent with the 
observation that when the fuel is disturbed and uranium metal is broken off, hydrogen evolution is 
again observed (witness the 2-liter graduated cylinder tests). It is hypothesized that the explanation 
lays with the original data base of Tyfield and the other experimenters who determined the corrosion 
rates over a short period of time, a few months rather than years; thus, their measured rates are 
higher than what would be observed with uranium fuel that bas been exposed for years. Corrosion 
rates, particularly with a system in which the protective oxide thickens, gradually decrease with time, 
and in the K Basin may have reached such a slow rate that the hydrogen gas can diffuse away rather 
than form gas bubbles. 

There appears to be no kinetic data in the literature for the instantaneous corrosion of a 
newly-bared metallic surface of an oxide-coated sample of uranium (or Zr) metal to gage whether 
there is an autoignition problem. This phenomenon probably takes place routinely in a spent fuel 
pool when the broken fuel is moved, but the fact that no fires have been observed to date is probably 
not adequate reassurance. A way of getting insight into this problem is to examine another metal with 
similar characteristics, titanium. 
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Titanium, Zr, and U all belong to the same Period of the Periodic Table, and their corrosion 
behavior is dominated by a thin, tenacious barrier oxide film. Titanium under certain conditions can 

. undergo pyrophoricity in air and water, has a +4 valence, and forms TiO2 as its major oxide, 
similarly to Zr and U. A great deal is known about the corrosion behavior of Ti (more than is known 
about U), and some of these studies have focused on the repassivation behavior when the Ti metal 
was suddenly bared (by abrasion, scraping, and fracture) in aqueous solution. Most of the studies 
were in acidic solution which acts to increase the corrosion rates. In all cases, Ti safely repassivates 
in seconds without sign of self ignition or even a significant temperature increase in the test apparatus 
(Beck 1978). 

In water or conditions similar to the K Basin pools, the U metal will react with water forming 
UO2 and UH3• For undisturbed U metal, the corrosion rate is extremely slow (46 years for 1/4" 
particle) due to the layers of UO2 protecting the U metal. Based on a literature review and 
observations at K Basin, U metal submerged in water will not ignite spontaneously. For disturbed U 
metal (i.e., the oxide layer is damaged exposing U metal), as evidenced in the graduated cylinder 
tests, exposed U metal in contact with water can oxidize rapidly liberating hydrogen gas. Based on a 
literature review and observations of the graduated cylinder tests, the disturbed U metal submerged in 
water, will not ignite spontaneously. 

7 .2. 7 .2 Accident Scenario Development 

The following discusses the potential scenario associated with transferring the .sludge from 
shipping cask to Tank AW-105. . 

U Metal Reaction During Sludge Transfers from the Shipping Cask to Tank AW-10S. 
Currently the spent fuel stored in the K Basin is undisturbed and the existing layers of oxide are 
intact, i.e., there is no exposed U metal available for -oxidation. The observed slow oxidation 
process, evidenced by the liberation of hydrogen gas bubbles from the sludge, is sufficiently 
controlled due to the heat transfer properties of the water, sludge and basin concrete, to maintain the 
oxide below autoignition temperatures. The transportation/transfer process will likely cause the 
existing outer oxide layer to spall, damaging the inner layer, thus exposing unreacted U metal to the 
basin water and tank supernatant. In addition, should the sludge be allowed to dry, the existing UH3 

could be exposed to air. Based on observations, this will also result in the release of hydrogen gas 
(see 7 .2.6), but only the potential for an ignition of the U metal and hydride will be evaluated. 

The sludge is presently stored under water at near neutral pH conditions. However, prior to 
transferring the sludge to Tank AW-105, it will be chemically adjusted to meet Tank Farms waste 
acceptance criteria by the addition of NaOH to raise the pH to approximately 12. Therefore, as part 
of this accident scenario, it is necessary to determine if the sludge can burst into fire during the 
chemical adjustment (and before it is transported to AW-105). 

Tank Farms waste acceptance criteria are developed in SD-WM-TI-150, "Technical Basis for 
Waste Tank Corrosion Specification," and TWRS-PP-94-025, "Sludge Washing Materials Study: The 
Behavior of Carbon Steel in a Dilute Waste Environment". These limits were developed to inhibit 
uniform corrosion rates and caustic stress corrosion cracking (SCC). Waste transfers are controlled 
so that the composition limits in the receiving tank will not be exceeded prior to transferring 
additional waste into a tank. The tank composition criteria are shown in Table 7.37. 
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Table 7.37. Tanlc AW-105 Waste Composition Limits 

Variable Specification Limit 

For [NOd s_l .0M: 

(for solutions below 167°F, the [OH-J limit is 8.0M) . 

[OH-J 0.010M s.[OH-J .5,.5 .0M 

[NO2-1 0.011M s_[NO£] s_5.5M 

[NO3-J/([OH-] + [NO2-D <2.5 

For l .0M < [NO3-J .5,.3.0M: 

[OH-] 0.1 ([NO3-J ) s_[OH-J < lOM 

. [OH-J + [NO£] ~0.4 ([NO3-1 ) 

For [NO3-] > 3.0M: 

[OH-] 0.3M s.[OH-] < l0M 

[OH-] + [NO2-J ~l.2M 

[NO3-J s_5.5M 

Based on the Tanlc control specifications identified above, the K Basin sludge will require the 
addition of NaNO2, and NaOH to meet the acceptance criteria. Therefore, to determine if it can still 
be concluded that the U metal will not spontaneously ignite when added to Tanlc AW-105, the impacts 
of each chemical within tanlc AW-105, on U metal corrosion will need to be addressed. The 
composition of Tanlc AW-105 is shown in Table 7.38. 

Tyfield's work (1988) is absolutely clear on the effect of raising the pH on the corrosion rate 
of irradiated, reactor grade uranium. The corrosion rates are significantly lower at pH 12.5 than at 
near neutral conditions (30°C). He measures a corrosion rate of 450 mg U/m2h at pH of 7 versus a 
rate of 150 mg U/m2h at pH 12.5. Consequently, there is no danger of a runaway reaction since the 
uranium metal is corroding (reacting) at an even lower rate at pH 12.5, and pyrophoric reactions have 
not been observed at the pH 7 condition. Therefore, it can be concluded that adjusting the pH with 
NaOH will decrease the potential for spontaneous ignition. 

Although, not related to the spontaneous ignition of U metal, following shear-leach processing 
of irradiated N-Reactor fuel at the Nuclear Fuel Services facility in West Valley, New York, ignition 
and detonation of the N-Reactor fuel cladding was observed (Schulz 1972). Based on preliminary 
studies, it was determined that the HNO3-sensitized weld beads on the ends of the fuel rods ignited, 
by mechanical shock, and burned. It was postulated that either the Be or a Zr-Be compound was 
sensitized by the HNO3 during the leaching process. As shown in Table 7 .2 both elements are 
present in the K Basin sludge. Based on the limited data provided in Schulz (1972) there was no 
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Table 7.38. Tanlc AW-105 Supernate Composition (concentrations in g/L) 

Notes pH ou· N03" N01· er F' TOC 

green 12.9 4.19 5.64 1.19 0.035 1.79 0.31 
analysis 

dated 8/25/94 

indication that the fires ignited the U metal or propagated to the zircalloy cladding. Two tests, that 
involved dipping the sensitized welds in NaOH were performed. The results of the tests indicated 
that dipping the sensitized welds in NaOH the potential for fires was prevented. Although this is in 
agreement with Tyfield, the conclusions reached (i.e., dipping the sensitized welds in NaOH will 
prevent fires) can not be directly applied to K Basin sludge. The K Basin sludge or the irradiated N
Reactor fuel currently stored in K Basin has not been in contact with HNO3 and as such can not be 
considered sensitized. 

The literature review of Danielson (1995) (see Appendix F) indicates that both nitrates and 
nitrites act as inhibitors for the corrosion process, but the method in which this was determined is 
somewhat suspect since the work involved measuring open circuit corrosion potentials rather than a 
direct measurement of the corrosion rate. The literature is more clear on the effects of fluoride and 
chloride-they have no· effect at this high pH. Consequently, if the corrosion rates are no greater than 
what has been observed for K-basin storage conditions, it is ·unlikely that the uranium could ignite 
when added to the tanlc supernatant. 

There is a concern that if the sludge/fuel slurry should rise above the supernatant level in 
Tanlc A W-105 and be exposed to the tanlc atmosphere where dryout can occur, a pyrophoric condition 
could result. There does not appear to be any information in the literature that directly addresses this 
issue of the reaction kinetics of uranium metal (with prolonged exposure to aqueous solutions) that is 
exposed to humid air conditions (meaning that the sludge may dry out). The pyrophoric events are 
associated with long-term exposure of the uranium metal to moist air in a closed container (in which 
the gaseous oxygen is consumed) followed by a sudden exposure to fresh air containing oxygen when 
the container is opened. Two recent papers (Johnson et al 1994; Guenter et al 1994) dealing with the 
conditioning of spent nuclear fuel from wet (aqueous) storage pools to dry storage do not mention the 
existence of any kinetic data for the oxidation process. There is insufficient data to assess the 
likelihood of pyrophoricity for this scenario. 

7 .2. 7. 3 Unmitigated Accident Scenario 

Based on the information provided in the previous paragraphs, the unmitigated accident of 
concern is the potential for a pyrophoric reaction of exposed sludge. That is, assuming the sludge is 
immersed in the tanlc supernatant and has been chemically adjusted to approximately pH= 12, there is 
no potential for a fire. However, it can not be concluded based on the literature review that exposed 
sludge will not spontaneously combust. 

The sludge will be distributed within Tanlc AW-105 using the existing slurry distributor. Past 
tanlc additions, using the slurry distributor, have created high spots and valleys in the sludge. Based 
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on the data reported in the TF WCS, there may be as much as 10 inches (estimate based on the 
elevation of the sludge supernatant interface level) difference in the elevation of the sludge. 
However, this data is based on Tanlc A W-105 sample data taken from two risers and may not reflect 
the maximum elevation changes in the sludge level. 

Due to differences in the specific gravities (SpG) of K Basin sludge [estimated range between 
1.5 glee to 2.3 glee (Bergsman 1997)] and Tanlc AW-105 supernatant [estimated at 1.04 glee (Black, 
1997)] and solids [estimated at 1.22 glee (Black, 1997)], the K Basin sludge will sink through the 
supernate layer and will likely begin sinking in the solids immediately after reaching the solids layer. 
That is, the sludge would be immersed in an alkaline solution or AW-105 solids from the time the 
material is introduced to the tank, thus precluding an uranium fire. However, for this analysis, it was 
assumed that the K Basin sludge does not sink into the AW-105 solids. It was assumed to accumulate 
at the surface of the A W-105 solids layer forming a mound. 

Gravel or other materials, when discharged from a chute, will create a conical mound. The 
side slope or angle of repose is based on the characteristics of the material, e.g., shape and size, and 
consolidation of the material, e.g., loose or dense packed and the conditions, e.g. saturated or 
unsaturated. These factors determine the angle of sliding friction or maximum angle of repose and 
height of the mound or cone. For this analysis it is assumed that the K Basin sludge is comprised of 
silts and larger size particles, similar to quanz, feldspar and/or calcite. For saturated surface 
conditions the angle of sliding friction for quartz, feldspar and calcite are 24°, 38°, and 34°, 
respectively (Das 1983). These values are within the ranges published in Huang (1983) and Lambe 
and Whitman (1969) for unsaturated surface conditions and soils exhibiting similar characteristics 
(e.g., shape and size). For conservatism, the height of the mound is based on the larger of the three 
angles of sliding friction or 38°. 

The height of the cone was calculated, assuming a maximum of l.8m3 of K Basin solids per 
shipment (6 m3/shipment at 30 vol% solids). The height of the cone or maximum height of the 
mound was calculated to be approximately 1.0 m (39 inches) with a diameter of 2.6 m (102 inches) at 
the base of the cone. It could be assumed that the cask flush water would flatten the cone; however, 
the effects of the ·flush water on the mound are uncertain and can not be credited as a mitigative 
feature. The volume of liquids (K Basin water and cask flush water) are not adequate to cover the 
mound. 

For the purposes of the unmitigated analysis the mound is exposed to the tank headspace. 
That is, the effects of sludge settling and the presence of supernatant are ignored. Based on the 
literature review and the lack of data characterizing the pyrophoricity of wetted U metal that is 
allowed to dry it was assumed that the U metal in the mound could spontaneously ignite. The 
ensuing fire could ignite the flammable gasses in the headspace and the organic solvents contained in 
the supernatant. 

Unmitigated Frequency Assessment 

It is assumed, due to the lack of available data, that the U metal in the K Basin sludge will 
ignite spontaneously if exposed to the tank headspace (probability = 1). Exposing the sludge to the 
tank headspace could be due to human error, i.e., inadequate tank waste characterii.ation (i.e., AW-
105 solids and supernatant levels) prior to the sludge transfer from the cask to the tank or improper 
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positioning of the slurry distributor. Hwnan errors are typically assigned a failure rate of 1 per 100 
operations (non-stress condition), thus exposing the sludge to the tank headspace is considered an 
"anticipated" event. Assuming the flammable gas safety controls identified in the TWRS BIO are in · 
operation and operable, flammable gas or organic solvent fires are considered "unlikely" events (lE-
02 to lE-04 per year) given an ignition source. 

Unmitigated Consequence Assessment 

A fire within a double-shell tank was analyzed in the TWRS BIO (LMHC 1997). Two 
accident scenarios were evaluated: 1) flammable gas deflagrations in the tank headspace, and 2) 
organic solvent fires. These accidents are credible events and are considered "anticipated" events. 
Based on the results of the unmitigated accident analyses, Technical Safety Requirements (TSRs) and 
safety class and/or safety significant system, structures, or components were identified that are relied 
upon to prevent the occurrence. As these are preventive measures, the mitigated and unmitigated 
consequences are the same. 

The chemistry and physics of a potential pyrophoric reaction involving K Basin sludge is 
uncertain due to insufficient characterization data at this time. As a result, it is premature to develop 
estimates of the amount of waste and sludge that would react under tank conditions and the 
subsequent effects on the tank structures and components. However, reasonable estimates of aerosol 
releases from a pyrophoric reaction can be derived from TWRS BIO estimates of aerosol releases 
from solvent fires (see WHC-SD-WM-CN-032, Rev 0A, Cowley and Postma 1996) . . The calculated 
release quantities and consequences are provided for information only as there is insufficient 
information to judge whether or not the following calculations are bounding. 

The accident scenario involves dryout of the sludge in the tank leading to a spontaneous 
reaction involving pyropboric materials in the sludge. For pyrophoric fires (as represented by solvent 
fires) , the release would consist of three main components: 1) release of materials in the ventilation 
system; 2) release of smoke/particulates .from the burning material; and 3) aqueous boiloff. The . 
release of materials from the ventilation system was previously estimated at 0.001 L of waste (see 
Section 7.2.6.6) . The release quantities from the other two components are derived below. 

Aerosol material released from burning sludge was calculated assuming the fire starts at a. 
point and burns a half-sphere of sludge 1 m in diameter. The volume of this half-sphere was 
calculated to be 262 L of sludge. No credit was taken for quenching effects of the liquid layer that 
would be underneath the sludge exposed in the tank. This volume is larger than the violume of 
solvent burned in the largest fire considered by Cowley and Postma (1996). 

Aqueous boiloff calculations assumed that entrainment of waste from the tank waste surface is 
negligible relative to material aerosolized due to evaporation of liquid. Therefore, entrainment was 
neglected in the following calculations. According to Cowley and Postma (1996), the mass of water 
evaporated from a solvent fire was estimated to be 1.26 times the mass of fuel burned. This value 
was used here to reflect sludge boiloff from the K Basin sludge layer in the tank in spite of the fact 
that the formula is based on burning solvents. Based on the formula given above, the total volume of 
water boiled as a result of the fire would 1.26 * 262 L = 330 L. 
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Aerosol release fractions for these two components of the release from a fire were taken from 
DOE-HDBK-3010-94. For burning sludge, a release fraction of lE-03 was determined to be 
applicable. This value is representative of the airborne release due to oxidation of uranium metal in 
flowing air at temperatures greater than 900°C. The release fraction used for aqueoue boifoff was 
2E-03 and is representative of releases from boiling liquid surfaces. Using these release fractions, a 
total of 0.262 L of sludge would be released from the burning component and 0.660 L of aerosols 
would be release due to boiloff. 

The consequences of this scenario were calculated using the ULDs for K Basin sludge solids 
and liquids (not the unit doses given in Table 7.9 as the unit doses are for composite solids and 
liquids). Therefore, the method used in the TWRS BIO was used to calculate the cosnequences of a 
pyrophoric chemical reaction. The consequences of the vent system release were determined in 
Section 7.2.6.6 to be l.83E-03 Rem onsite and l.23E-06 Rem offsite. The consequences of the 
release of smoke/particulates from the fire are: 

Camile = 
= 
= 

coffsile = 
= 

ST * ULD * BR * X/Q 
(0.262 L) (l.65E+08 Rem/L) (3.3E-04 ml/sec) (0.0341 sec/ml) 
486 Rem 

(0.262 L) (1.65E+08 Rem/L) (2.7E-04 ml/sec) (2.SE-05 sec/ml) 
0.327 Rem 

The consequences of the release due to aqueous boiloff are: 

Coom = 
= 

(0.660 L) (l.63E+05 Rem/L) (3.3E-04 ml/sec) (0.0341 sec/ml) 
1.21 Rem 

coffsilc = 
= 

(0.660 L) (l.63E+05 Rem/L) (2.7E-04 ml/sec) (2.8E-05 sec/m3) 
8.14E-04 Rem 

The total consequences are: 

ctoral = c_. + cburning + cboiloff 

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

7 .2. 7 .4 Mitigated Accident Scenario 

As discussed in the TWRS BIO, there are no mitigative measures available to mitigate the 
consequences of a flammable gas or organic solvent fire. Therefore, the mitigated accident scenario 
analysis takes credit for barriers to prevent the occurrence of a U metal fire. The preventive barriers 
relied upon in the TWRS BIO are an active ventilation system, ignition source control, and flammable 
gas monitoring. These systems are assumed operable and operating during the transfer. 
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The unmitigated analysis assumed the sludge massed in a mound is exposed to the tank 
headspace and spontaneously ignited. As in the unmitigated analysis, the mitigated analysis assumes 
that the three preventive controls identified in the TWRS BIO are operable and functioning properly at 
the time the K Basin sludge is transferred to Tank AW-105. It has been previously established that 
by maintaining the U metal immersed in liquids, there is no potential for a pyrophoric reaction; 
therefore, the controls evaluated have been selected based on their potential to ensure the U metal 
remains immersed in the supernatant. The potential mechanisms that may be relied upon include the 
following: 

• Fully characterizing the solids and supernatant levels in AW-105 and indexing the slurry 
distributor to an appropriate location, based on the quantity of K Basin sludge solids to be 
shipped. 

• Maintaining the K Basin sludge density greater than the Tank AW-105 sludge density to 
ensure sludge settling. 

• Limiting the amount of sludge transferred on a per shipment basis to ensure the top of the 
mound is not exposed to the tank headspace. 

• Maintaining the existing per shipment quantities and stopping during the transfer to reindex 
the slurry distributor. 

• Adding water to raise the supernate level above the top of the K Basin sludge "cone" . 

Each of these potential controls are evaluated in the following paragraphs. 

Fully characterizing the solids and supernatant levels in AW-10S and indexing the slurry 
distributor. This control would require the predetermination of the solids and supernatant levels in 
A W-105 and the quantity of K Basin sludge solids to be shipped as part of the waste compatibility 
analysis . A calculation of the maximum K Basin sludge cone or mound height, similar to the 
calculation performed in the unmitigated accident analysis, would be required prior to transferring the 
K Basin sludge to AW-105. The supernatant level, with respect to the solids level in AW-105, and 
the calculated maximum K Basin sludge cone or mound height plus a safety margin, would be used as 
inputs to determine the index or position of the slurry distributor. That is, the slurry distributor 
would be indexed or positioned to a location that assures coverage of the K Basin sludge cone or 
mound. 

Mab•taining tlle K Basin sludge density greater than the Tank AW-10S sludge density to 
ensure sludge settling. This option would require a large difference in the K Basin sludge and tank 
AW-105 solids densities. Because the K Basin sludge will be essentially sprayed and allowed to fall, 
by gravity, the smaller particles may spread on the surface of the sludge allowing the larger particles 
to settle, thus limiting the size of the mound. Assuming that this does occur; the mound analyzed in 
the unmitigated analysis will remain immersed in the supernatant. However, until a mixing study has 
been performed, reliance on this as a control may not be satisfactory. 
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limiting the amount of sludge transferred on a per shipment basis to ensure the top of 
the mound is not exposed to the tank headspace. As discussed in the unmitigated analysis, 1.8m3 

of K Basin sludge, based on a 46 in supernatant level, will not result in exposing the mound to the 
tank headspace. Predetermining the differences in the A W-105 solids level and supemtatant levels, a 
limit on the quantity of K Basin sludge to be shipped can be calculated, based on the maximum 
potential cone or mound height, plus a safety margin. 

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

Maintaining the existing per shipment quantities and stopping during the transfer to 
reindex the slurry distributor. Although this will not result in an accidental release of material, the 
potential for line plugging due to solids settling in the transfer line when the transfer is stopped, is 
increased. 

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

Mitigated Frequency Assessment 

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

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

Positioning or indexing the slurry distributor to an appropriate location to ensure coverage of 
the K Basin sludge mound or cone based on the sludge and supernatant levels within tank A W-105 
will preclude sludge dryout and the potential ignition of pyrophoric U metal. This would require 
operators to verify that the liquid level is sufficient to maintain the mound or cone of K Basin solids 
is submerged beneath the liquid surface. The potential for a spontaneous ignition of the K Basin 
sludge with this control in place is considered an "incredible" event. 
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Reducing the quantity shipped, based on the sludge and slurry elevations (i.e., supernatant 
depth) will ensure the K Basin sludge is immersed in the supernatant. Therefore, the potential for a 
spontaneous ignition of the K Basin sludge is considered an "incredible" event. 

Interrupting a transfer and reindexing the slurry distributor to prevent localized K Basin 
sludge build-up would require an operator to stop the transfer operation and reindex the slurry 
distributor to a pre-determined distribution position (developed during the waste compatibility 
analysis). Therefore, because the slurry distributor positions will be pre-determined, based on the 
sludge and supernatant elevations, the potential for a spontaneous ignition of the K Basin sludge is 
conservatively considered an "extremely unlikely" event. However, associated with this control is the 
potential for transfer line plugging due to solids settling. 

The addition of water to A W-105 to preclude dryout of the sludge and the potential ignition of 
pyrophoric U metal would require operators to verify that the liquid level is sufficient to maintain the 
mound or cone of K Basin solids submerged beneath the liquid surface. The potential for a 
spontaneous ignition of the K Basin sludge with this control in place is considered an "incredible" 
event. 

Mitigated Consequence Assessment 

Based on the 'IWRS BIO analysis fires within DSTs can not be mitigated. Therefore, the 
mitigated consequences are the same as the unmitigated consequences (see Table 7.X;3). The 
identified preventive measures (i.e., active ventilation system, ignition control and flammable gas 
monitoring) reduce the potential for the accident to occur, (i.e., lower frequency) from "anticipated" 
to "unlikely". The potential for the spontaneous ignition of U metal was not evaluated in the TWRS 
BIO; therefore, assuring the U metal is not exposed to ·the tank headspace as a preventive barrier will 
not reduce the likelihood of occurrence. 

7 .2. 7. 5 Uncertainties Associated with the Analyses 

The following identify each of the uncertainties associated with the analyses. 

• The effects of exposing wetted U metal to the tank headspace or to atmosphere are not clearly 
characterized and impact all evaluations, with regard to the potential for a spontaneous 
ignition. 

• · The elevation of the Tank AW-105 sludge and supernatant. 

• The K Basin/Tank AW-105 sludge interaction, in particular sludge settling and mixing. 

• The effects of the slurry distributor on the behavior of the K Basin sludge with respect to the 
potential for creating a mound of sludge that could be exposed to the tank headspace. 

7 .2.8 Criticality Safety Summary 

An active criticality safety program has been in place at Hanford since the beginning of 
plutonium production. All operations, including those at the K Basins and at tank farms, have been 
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conducted in conformance with procedures, limits and controls established to ensure criticality safety. 
However, deterioration of fuel elements and disposal of the resulting sludge at tank farms are 
conditions which have not been evaluated. This sludge is different from routine waste sent to tank 
farms in the past; i.e., it is not the product of typical operations in a separations plant in which the 
uranium and plutonium have been dissolved and precipitated. 

A significant number of the spent N Reactor fuel elements stored in the KE and KW Basins 
were damaged to the extent that the uranium metal fuel is exposed to the water and has deteriorated. 
This process has led to the formation of K Basin sludge. The criticality safety requirements for 
several storage alternatives are identified in the Criticality Feasibility Study. 

No uranium enriched above 0.947 wt% U-235 has been stored in the KE Basin; however, 
KW Basin contains 628 MTU of fuel enriched above 0.95 wt%, but no higher than 1.25 wt% U-235. 
Characterization of KW Basin sludge is incomplete. In the absence of analyses showing otherwise, 
uranium in KW Basin sludge must be considered enriched to 1.25 wt% U-235. 

For 0.95 wt% enriched uranium rods, the minimum critical mass is about 2,630 kg uranium 
(25 kg U-235), and for 1.25 wt% enriched uranium, the minimum critical mass is about 600 kg 
uranium (7.5 kg U-235). Criticality is precluded for 0.95 wt% uranium in the form of particles with 
dimension (diameter) less than 0.13 cm (0.05 inches). For 1.25 wt% enriched uranium criticality is 
possible for any particle size, but requires about 1,500 kg of uranium (18 kg U-235) for particles 
smaller than 0.13 cm. 

Based on a Conservative Waste Model (CWM) with reduced neutron absorption and 
optimized water developed by Rogers (1993), the subcritical limit for plutonium concentration in 
waste solids is 2.6 g/L. For some of the K Basin sludges, the sum of the U-235 and plutonium 
concentrations may exceed this value and the ratio of neutron absorbers to U-235 and plutonium must 
be relied upon for assurance that a criticality cannot occur. 

Whyatt et al (1996) concludes that plutonium primarily resides in the solid phase of the tank 
waste in the form· of agglomerates. The solubility of plutonium in alkaline salt solution is low enough 
that saturation concentrations in the waste liquids are at least 30 times lower than the minimum 
concentration needed to support a criticality. Tank waste is maintained alkaline to ensure that the . 
uranium and plutonium remain combined with the solids. K Basin sludge will be made alkaline with 
a pH of at least 8 before transfer into DST AW-105. 

7 .2.8.1 Sludge Characterization 

The total uranium in KE Basin sludge is estimated to be 26,281 kg, (Lodwick 1997) and the 
maximum 215 U enrichment is 0.95 wt%. Most of the sludge in KW Basin is contained within sealed 
canisters although some sludge exists in the pits. The sludge inventory in KW Basin is estimated to 
contain 12,968 kg (Lodwick 1997) of uranium oxide enriched between 0.95 and 1.25 wt% : No 
analyses of KW Basin sludge are available. Assuming all 12,968 kg of the uranium oxide is 1.25 
wt% enriched, there is theoretically enough enriched uranium for criticality. 

DST AW-105 is 75 ft in diameter and contains 1,665,000 L (440,000 gal) of waste from the 
processing of fuel at the Plutonium Uranium Reduction Extraction Plant (PUREX) (Hanlon 1996). 

K Basin Sludge Safety Assessment 7.125 May 30, 1997 



Rev. B 

The Double Shell Tanlc Plutonium Inventory System shows the December 1996 inventory for DST 
AW:-105 to be 22.95 kg. The largest measured plutonium concentration for this tanlc is 0.024 g/L 
(Braun et al. 1994), less than 1 % of the minimum required for criticality under the most idealized 
conditions. The average plutonium areal density is estimated to be 61.0 g/m2 (5.75 g/ft2), a value 
only 2.3% of the minimum critical areal density. Using process records, Agnew (1995) determined 
the sum of the insoluble absorber actual-to-minimum subcritical fractions to be 18.6 and the sum of 
subcritical fractions for the soluble components to be 54.4. However, when data from core samples 
is used, lower mass ratios may be obtained from individual samples due to variations in compositions 
at different locations and the failure to include all waste components in the analysis. The lowest sum 
of subcritical fractions for insoluble absorbers reported by Braun et al. (1994) is 0.50 and for soluble 
absorbers the lowest fraction is 15. 

7 .2.8.2 Chemistry Evaluation 

Chemical processes are capable of changing the uranium or plutonium concentrations in K 
Basin sludge. Studies of plutonium chemistry of tanlc waste are documented by Seme et al . (1996) 
and by Whyatt et al. (1996). However, K Basin sludge contains particles of enriched uranium metal , 
and the associated chemistry may or may not be similar to that of plutoniwn as described in these 
earlier studies. As part of the Criticality Feasibility Study for K-Basin sludge, chemical processes 
capable of increasing or inhibiting the segregation of uranium are being evaluated. An important 
question of chemistry is whether it is acceptable to add iron as finely divided particles or whether it is 
necessary to dissolve the uranium and coprecipitate it ~ith iron. · 

7.2.8.3 Particle Size 

The average size of particles in K Basin sludge 1s several times larger than in tanlc farm 
sludge, and the largest particles are orders of magnitude larger. However, a small particle size is 
desirable because it increases the margin of criticality safety. Limiting the largest particle to a 
dimension no greater than 0.13 cm (0.05 in.) provides assurance of subcriticality for 0 .95 wt% 
enriched uranium, but not for 1.25 wt% uranium. 

Small particle size is also of importance for inhibiting fissile material segregation and for 
enhancing the formation of stable agglomerates with neutron absorbers. The particle size 
requirements for K Basin sludge are detailed in the Criticality Feasibility Study. 

7 .2.8.4 Addition of Neutron Absorbers 

Iron and depleted uranium are desirable components of sludge since they absorbs neutrons. 
Analyses of K Basin sludge shows that the iron content varies from sample to sample, and some 
sludge does not have an adequate amount of iron to assure subcriticality. Therefore, assurance of 
criticality safety may require the addition of iron or other neutron absorbers such as depleted uranium 
to each transport container load in proportion to the · uranium present in the sludge. The requirements 
for addition of neutron absorbers are described in the Criticality Feasibility Report. 
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7 .2.8.5 Sampling of Transport Container Contents 

It is expected that samples will be taken from each transport container load and analyzed for: 
(1) the uranium, plutonium, and iron content; (2) the 235 U enrichment in the uranium; and, (3) pH. 
These samples can be used to provide verification of compliance to the limits and controls. However, 
specific sampling and absorber requirements will developed in the Criticality Feasibility Report. 

7.2.8.6 Combining K Basin and DST AW-105 Sludge 

Uranium in KW Basin sludge is more highly enriched than uranium in KE Basin sludge, and 
the fraction of absorbers in KW Basin sludge is lower. For these reasons, KW Basin sludge is 
capable of greater neutron multiplication. Sludge in DST AW-105 has a lower fissile concentration 
and a larger absorber fraction than does either KE or KW Basin sludge. When these sludges are 
combined, the margin of subcriticality is determined primarily by KW Basin sludge. 

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

7 .2.8 . 7 Criticality Issue Resolution 

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

7.3 PRELIMINARY HAZARD CATEGORIZATION 

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

DOE Standard 1027-92 requires hazard categories to be established based on a comparison of 
the radionuclide inventories in a facility to Threshold Quantities (TQs) listed in Table A.1 of the 
Standard for Hai.a.rd Category 2 and 3 facilities. The fraction represented by the inventory of each 
radionuclide divided by its respective TQ value is calculated for each radionuclide. The sum of the 
fractions is calculated by adding together the fractions calculated for each radionuclide; the sum is 
then compared to 1.0. If the sum of fractions value calculated using the Category 2 threshold 
quantities is greater than 1, the facility is at least a Hai.a.rd Category 2. Threshold quantities are not 
provided for designating a facility as Hai.a.rd Category 1. 
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The sum of fractions for the largest potential inventory of K Basin sludge to be transferred to 
the tank at any given time was determined to be greater than 1. The inventory was represented by 
the radionuclide inventory in a single shipment of sludge, consisting of 6 m3 as-settled sludge (30% 
by volume) plus the remainder K Basin water). Therefore, the initial hazard categorix.ation for. the K 
Basin sludge offload process is at least Hazard Category 2. This is consistent with the Huard 
Categorization for the tank farms as stated in WHC-SD-WM-HC-016, REV O (WHC 1995)1

• Since 
there are no TQs for designating a facility as Huard Category 1, storage of K Basin sludge in a DST 
would not change the existing tank farm Huard Category. 

A draft addendum to WHC (1995) has been prepared and submitted for review. The hazard 
categori7.3tion information in this section was extracted from the draft addendum. 
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8.0 PRELIMINARY CLASSIFICATION OF SYSTEMS, 
COMPONENTS, AND STRUCTURES 

Rev. B 

A preliminary Safety Class Evaluation (SCE) was performed to identify safety (safety class 
and safety significant) Systems, Structures, and Components (SSCs). The safety classifications were 
designated in accordance with the requirements and criteria of WHC-CM-4-46, Safety Analysis 
Manual. The safety classifications of individual components of the K Basin sludge offload process, 
including Sludge Transportation System and Sludge Transfer Station, are presented in this chapter. 
The safety classifications of tank SSCs are addressed in tank farm safety documentation. 

Safety classifications are defined as follows (taken from WHC-CM-4-46): 

• Safety Class (SC) SSCs prevent or mitigate releases to the public that would otherwise 
exceed the off site radiological risk guidelines, or prevent an accidental nuclear criticality. 

• Safety Significant (SS) SSCs prevent or mitigate releases of radiological materials to onsite 
workers and toxic chemicals to the offsite public and onsite workers. SS also describes 
worker safety SSCs that protect the facility worker from serious injury due to other industrial 
hazards . 

• Defense-in-Depth is the strategy in which successive barriers are provided to 'prevent and 
mitigate uncontrolled releases of radioactive or hazardous chemical materials; defense-in-depth 
SSCs are those qualitatively deemed to contribute substantially to the reduction of risk or 
which suppon a safety SC or SS function. 

The safety classifications for the individual components were established based on the design 
basis accident analyses presented in Chapter 7. The accident frequencies calculated in Chapter 7 were 
used to characterize the frequencies of accidents during K Basin sludge offload operations. 
Consequences were also estimated in Chapter 7 using unit dose values (radiological and toxicological) 
that were calculated using sludge inventory data derived from Makenas et al . (1996) and Lodwick 
(1997). These unit doses were used to calculate the consequences of releases resulting from the 
occurrence of the accident scenarios . 

Table 8.1, the summary of the safety class evaluation, is divided into two sections. The first 
section addresses the safety SSCs for the Sludge Receiving Station to be constructed adjacent to 
A W-105 and the second addresses the offload features of the Sludge Transportation System. For the 
sludge offload process, the primary lines were designated as safety class. This includes the primary 
(or inner) pipe for the aboveground transfer line at the tank farm and the primary line of the flexible 
hose that connects the Sludge Transportation System to the Sludge Receiving Station. The safety 
function of these systems is to provide liquid confinement during offload operations. This system was 
designated as safety class because undetected failure of the primary pipe (spray leak and pipe 
rupture/pool release) with failure of the secondary pipe will exceed onsite and offsite risk guidelines . 

The secondary (outer) piping subsystems on the Sludge Receiving Station and flexible hose 
were designated as defense in depth. The safety function provided by these subsystems is to confine 
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Table 8.1. Safety Classification of Individual Components 

ijl:ij~=;:;~ 
Sludge Receiving Station 

Primary Contain liquid waste Safety class 
aboveground piping 

Secondary 
aboveground piping 

Shielding over 
aboveground 
portions of fixed 
piping 

Pump pit cover 
block (in place) 

Pipe connectors in 
pump pit 

Flexible hose 
connector at 
receiving station 

Leak detection 
system 

Containment of 
waste leakage from 
primary pipe should 
a release occur 

Radiation shielding; 
suppression of 
aerosol from spray 
leak 

Containment for 
spray release should 
a release occur 

Contain liquid waste 

Contain liquid waste 

Indicate primary 
pipe leak 

K Basin Sludge Safety Assessment 

Defense in 
depth 

Safety class 

Safety class 

Defense in 
depth 

·Safety class 

Defense in 
depth 

8.2 

Leak/rupture, spray leak - waste 
to secondary pipe. No 
consequence unless secondary 
failure. Failure of both could 
exceed onsite and offsite 
guidelines. 

Failure - no consequences unless 
primary pipe failure ; secondary 
confinement provided by pump pit 
covers, fixed and portable 
shielding, and glove bags. 

Failure exceeds onsite and offsite 
exposure guidelines, assuming an 
event that leads to simultaneous 
failures of shielding and spray 
leak. 

Failure (spray leak) exceeds onsite 
and offsite exposure guidelines 
with pit cover off. 

Credit was taken in the mitigated 
accident analysis for the pump pit 
cover block as barrier to a spray 
leak in the pump pit. 

Failure - spray leak consequences 
could exceed onsite and offsite 
exposure guidelines; no cover to 
reduce airborne release.<•> 

Failure prevents monitoring_ of 
primary pipe leak; no release 
unless the pipe encasement fails. 
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Spill retention basin 

Portable shielding 
(in place) 

AC Power 

Spill stabiliz.ation 
procedures and 
equipment 

Water supply 

Confine spilled 
liquid waste 

Radiation protection, 
ALARA 

Provides motive 
force for transfer 
pump, control 
power, and leak 
detection system. 

Suppress aerosol 
from liquid spill 

Flush shipping 
container and 
transfer lines 

Safety class 

Safety class 

Defense in 
depth 

Safety 
significant 

Non-safety 

Sludge Transportation System 

Pressure vessel Sludge containment Safety class 

Transfer pump Contain liquid waste Safety class 
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Credit taken in accident analysis 
(pipe rupture) for confinement of 
liquid spills and suppression of 
aerosols from pool releases. 

Failure - no release unless 
flexible hose and pipe fail; 
excessive worker exposures may 
occur unless shielding in place; 
also suppresses spray release 
(secondary confinement). 

Failure - no release; 
consequences related to inability 
to empty shipping container; the 
system is required to support the 
safety function of the leak 
detection system, ~hich was 
designated defense in depth. 

Pipe rupture and transportation 
accident consequences exceed 
guidelines (liquid spill to soil) if 
release duration is not limited. 

Failure - no release; 
consequences related to inability 
to flush residual material from 
shipping container and transfer 
lines. . 

Spray leak consequences exceed 
onsite and offsite exposure 
guidelines. 

Spray leak consequences exceed 
onsite and offsite exposure 
guidelines. Cb> 
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Flexible hose 
(primary) 

Flexible hose 
(secondary) 

Flexible hose 
connector on 
transportation ·system 

Sludge agitator 

HEPA filtered vents 

Backup AC power 
(portable generator 
on truck trailer) 

Contain liquid waste 

Containment of 
waste leakage from 
primary pipe should 
a release occur 

Contain liquid waste 

Suspend solids in 
shipping container 

Allows venting of 
accumulated 
hydrogen gas in 
shipping container 

Provides backup 
power for transfer 
pump, control 
power, and leak 
detection system 

Safety class 

Safety class 

Safety class 

Non-safety 

Safety .class 

Non-safety 

Rev. B 

Leak/rupture, spray leak - waste 
to secondary pipe. No 
consequence unless secondary 
failure. Failure of both could 
exceed onsite and offsite 
guidelines . 

Failure - no consequences unless 
primary line failure. Failure of 
both could lead to exposures that 
onsite and offsite guidelines. 

F,ailure - spray leak consequences 
could exceed onsite and offsite 
exposure guidelines; no cover to 
reduce airborne release.<•> 

Failure - no release; 
consequences related to inability 
to empty shipping container. 

Failure - no release unless 
initiator present to ignite 
flammable gas; consequences 
could exceed onsite guidelines. 

Failure - no release; backup 
power source only; consequences 
related to inability to empty 
shipping container if both primary 
and secondary power sources fail. 

I a) If a glove bag or other leak contmement system over the connectors 1s to t>c prov1e1e<1, the connectors 
may be designated as safety significant and placement of the leak confinement system may be 
designated as safety class, similar to the pump pit covers. 

(b) If the transfer pump was to be placed in an enclosure, the transfer pump could be designated as a . 
defense-in-depth SSC and the enclosure (including spill retention capabilities) would be designated as 
safety chm. 

. liquid releases from the primary pipe system. This designation is because the secondary confinement 
systems credited in the spray leak and pipe rupture analyses were the pump pit cover blocks, fixed 
and portable shielding placed over the piping and flexible hose systems, and glove bags placed over 
the pipe connectors, and not the secondary piping subsystems. The secondary piping subsystems 
were designated as defense in depth because their failure, with the covers and shielding in place, 
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could lead to worker exposures during decontamination and cleanup after a leak. This would not be 
consistent with ALARA principles. 

The unmitigated consequences of a spray leak from failed or malfunctioning connectors on 
either end of the flexible hose and the valve connectors (jumpers) in the pump pit were found to be 
above onsite and offsite exposure guidelines. The safety function provided by the flexible hose 
connectors is to contain liquid waste materials during offload operations. Failure of one of these 
components could lead to a spray release that exceeds offsite and onsite exposure guidelines. This is 
somewhat different than the connectors in the pump pit discussed below because the flexible hose and 
connectors would be located above ground; there is no pump pit and cover block to mitigate a spray 
release from the connectors. Therefore, the hose connectors were designated as safety class SSCs. 
If a glove bag or other leak confinement system over the connectors is to be provided, the connectors 
may be designated as safety significant and placement of the leak confinement system over the 
connectors before a transfer takes place may be designated as safety class, similar to the placement of 
the AW-105 pump pit cover. This is the most likely configuration for the offload system and was the 
configuration assumed in the mitigated spray leak accident analysis. 

The safety function of the A W-105 pump pit cover block is to provide confinement of 
airborne particulate should a release occur in the pump pit. The pump pit cover block was found to 
be an important barrier to a potential spray leak caused by failed or malfunctioning connectors in the 
pit. Onsite and offsite exposure guidelines would be exceeded if the cover block is not in place. 
Therefore, placement of the cover block during the transfers is safety class. This does not affect the 
design of the cover block, but. the confinement must be in place during transfers. If the cover block 
is in place, the consequences are below both onsite and. offsite exposure guidelines. The jumpers in 
the pump pit were designated as defense in depth because their failure, with the cover block in place, 
could lead to worker exposures during decontamination and cleanup of the pump pit. This would not 
be consistent with ALARA principals. 

The safety function of the shielding material (earthen berm or concrete half-shells) placed over 
the aboveground portions of the receiving station piping is to reduce the radiation dose rate emitted 
from the transfer lines to allowable levels and to suppress spray leaks from the transfer pipes and 
connectors. Failure of this component would not lead to a radiological release but could result in 
excessive radiation exposures to tank farm operators involved in the transfers. Since certain classes 
of events (e.g., seismic events) could lead to simultaneous failure of both inner and outer lines, such 
failures result in doses that exceed onsite but not offsite guidelines. However, certain classes of 
events could lead to simultaneous failure of the shielding structures and transfer lines. Such failures 
(spray leak) were shown previously to result in doses that exceed onsite and offsite guidelines. 
Consequently, the shielding material was designated as safety class. This designation would also 
apply to temporary shielding placed over the flexible hose during transfers; i.e., credit was taken in 
the accident analysis for suppression of spray leaks by the portable shielding. 

Failure of the spill retention basin would not result in a release of material unless both the 
primary and secondary containment systems also fail. The safety function of the spill retention basin 
is to provide confinement of potential radioactive spills from the flexible transfer line, transportation 
system, and connectors. Failure of the spill retention basin in combination with a leak or rupture of 
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the flexible hose, packaging, or connectors could lead to a release of material to the soil. Such a 
release was shown in Section 7.2.2 to result in exposures above onsite and offsite guidelines. 
Exposures were below guidelines when the spill retention basin functions to confine and mitigate this 
release. Therefore, the spill retention basin was designated as a safety class SSC. 

Failure of the primary pipe leak detection system could lead to a prolonged release of material 
from its containment boundary; however, failure of the leak detection system would not result in a 
release of radioactive material nor was credit taken for a leak detection or suppression function in the 
accident analysis. As a result of failure of leak detection, sludge could accumulate in the secondary 
piping system, pump pit, or spill retention basin. Decontamination and repairs would require 
substantial radiation work, and thus would adversely affect ALARA principles . Consequently, the 
primary pipe leak detection system, including leak detection capability for the flexible hose as well as 
the permanent piping of the sludge receiving station, was designated as safety-significant. 

A spill stabilization capability was credited in the pipe rupture and shipping container failure 
accident analyses with suppressing resuspension releases from spilled pools. Failure to suppress these 
releases within 2 hr leads to exposures that exceed guidelines. Consequently, an emergency spill 
suppression capability, including planning, equipment, and training, was designated safety
significant. 

With regard to the sludge transportation system, four components were found · to be safety 
SSCs, including the pressure vessel, transfer pump, hose connectors, and HEPA-filtered vents. The 
pressure vessel, transfer pump, and connectors were determined to be safety class, 0 > as the 
consequences of a spray leak from these components were estimated to exceed onsite and offsite 
exposure guidelines. The HEPA-filtered vents on the pressure vessel were found to be safety class, 
as a flammable gas detonation or fire within the shipping container could lead to onsite and offsite 
exposures that exceed guidelines based on the consequences of shipping container failures addressed 
in Sections 7.2.3 and 7.2.4. The vents were assumed to be closed during transport. Since the sludge 
generates significant quantities of hydrogen gas, the vents must be opened as soon as possible after 
arrival at the tank farm. Tank farm operating procedures should include a step to open these vents 
after arrival. Opening the vents would be safety class. 

The final items to be considered are the tank farm's flammable gas controls applied to prevent 
accumulation of flammable concentration of gases in the tank farm and prevent ignition sources from 
contacting flammable atmospheres. This include minimum performance requirements placed on the 
ventilation system as well as controls placed on work performed and equipment used (e.g., non
sparking tools, bonding, etc.) in the tank farm. The flammable gas control strategy, described more 
fully in Grigsby and Leach (1996) and the TWRS BIO (LMHC 1997), was assumed to be in place 
during K Basin sludge offloading and storage operations and was credited in the mitigated flammable 
gas deflagration and pyrophoric reaction accident analyses . · 

If the transfer pump was to be placed in an enclosure, the transfer pump could be designated 
as a defense-in~eptb SSC and the enclosure (including spill retention capabilities) would be 
designated as safety class. 
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9.0 SAFETY MANAGEMENT SYSTEM 

This chapter presents the infonnation on the safety management system that supports the safe 
operation of Tanlc Waste Remediation System (TWRS) facilities and the activities associated with the 
transfer of K Basin sludge from a shipping container to a storage tanlc in the Hanford Site's tank 
fanns. This chapter also identifies the requirements for developing safety management programs and 
the documents that implement those programs. . 

TWRS is committed to safety management programs that ensure the following: 

• Safe storage and transfer of radioactive and hazardous materials, 

• Protection of facility workers from exposure to radioactive and hazardous materials and 
industrial hazards, 

• Protection of the public and environment from releases of radioactive and hazardous material. 

The safety management programs comprise a broad range of safety-related activities from 
radiation and hazardous material protection to disciplined conduct of operations. Developing and 
maintaining the authorization basis documents and associated safety basis documents are essential to 
safety management. TWRS has recently implemented improvements in the authori:zation basis process 
that includes both organizational changes and configur~tion control changes (see Section 9.13). 

Another important part of the TWRS safety management is provided in WHC-SD-WE-HAP-
002, Tank Farm Health and Safety Plan, which addresses routine operations performed at the tank 
fanns, establishes procedures, and provides general guidelines to minimize health and safety risks to 
the facility workers and other onsite workers . Measures to protection of some of the safety controls 
identified during the safety analysis process is also identified in WHC-SD-WE-HAP-002. 

A sludge transportation system is being designed at this time. A Safety Analysis Report for 
Packaging (SARP) will be prepared in the future to discuss the safety aspects of the transportation 
system in accordance with DOE Order 5480.3, Safety Requirements for the Packaging and 
Transportation of Hazardous Materials, Hazardous Substances, and Hazardous Wastes. 

A brief description of each safety management program, applicable requirements, and 
implementing documents is provided in this chapter. These programs are not independent of each 
other. In many cases, implementation of one program is through the application of the other 
programs (e.g., conduct of operations is implemented through work control, procedures, and 
training). Implementation of all of these programs ensures the protection of the workers, the public, 
and the environment. 

9.1 STANDARDS/REQUIREMENTS IDENTIFICATION DOCUMENT 

The standards and requirements applicable to the K Basin sludge transfer facilities and 
operations are the same as those governing the facilities and activities at the Tanlc Fanns. 
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WHC-SD-MP-SRID-001, High Level Waste Storage Tank Farms/242-A Evaporator 
Standards/Requirements Identification Document, approved by the U.S. Department of Energy, is a 
concise compilation of facility-specific federal, state, and local laws; regulations; permit conditions; 
industry consensus codes, standards, and good business practices. The applicable environment, safety 
and health, and safeguards and security functional areas are identified in this document. 

WHC-SD-MP-SRID-001 is currently being implemented, and during implementation any 
required changes to the safety management programs described in the following sections will be 
identified. The implementation of WHC-SD-MP-SRID-001 will be verified through reviews 
(assessments, audits , and surveillance) conducted by internal oversight organizations. 

9.2 CRITICALITY PROTECTION 

The purpose of criticality protection is to ensure that sufficient controls are in place to reduce 
the likelihood of inadvertent nuclear criticality excursions. 

The Hanford Site Criticality Protection Program follows DOE 5480.24, Nuclear Criticality 
Safety; industry standards; company safety policy; and accepted safety practice. The criticality safety 
program discussed in detail in the TWRS FSAR (WHC-WM-067, Draft) addresses the following 
general aspects of criticality safety: 

• Nuclear criticality safety administration 
• Nuclear criticality safety control principles 
• Criticality safety training 
• Nuclear criticality safety control documents 
• · Criticality safety plans and procedures 
• Criticality emergencies and limit violations. 

The following specific measures supplement the criticality protection control program. These 
measures will be implemented during the K Basin sludge transfer and 241-AW-105 tank addition 
operations. 

• Parameter controls are established for waste transfer into the tank fanns to meet double 
contingency requirements for the prevention of a criticality accident 

• • Parameter controls are documented and independently verified. 

Criticality protection at TWRS is implemented through WHC-CM-4-29, Nuclear Criticality 
Safety Manual , and WHC-IP-0842, TWRS Administration. 

9.3 RADIOLOGICAL PROTECTION 

Radiological protection activities at the Hanford Site implement the requirements of 10 CFR 
835, Occupational Radiation Protection, as directed by the HSRCM-1, Hanford Site Radiological 
Control Manual. The program provides for the protection of the workers during normal operations 
and implements specific safety controls to achieve radiological protection. The worker protection 
program comprises the following elements: 
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• As Low as Reasonable Achievable (ALARA) goals 
• Radiation worker training 
• Radiation exposure control 
• Radiological monitoring 
• General employee radiation training. 

TWRS radiation protection is implemented through sitewide programs identified in the 
following documents: 

• HSRCM-1, Hanford Site Radiological Control Manual (1995) 

• WHC-CM-4-14, Applied Radiological Controls (1996) 

• WHC-IP-0718, Health Physics Procedures (1993) 

• WHC-IP-0842, TWRS Administration (1996) 

• WHC-IP-1043, WHC Occupational AURA Program (1995) 

• WHC-SD-WE-HAP-002, Tank Farm Health and Safety Plan (1995) 

• WHC-SP-1145, WHC Radiation Protection Program Implementation of Title JO Code of 
Federal Regulations Pan 835 (1995). 

The Tank Farms Transition Project administers the Radiological Protection and Contamination 
Control Program for TWRS. The Tank Farm Transition Project administration is also responsible for 
establishing radiological protection standards and procedures; providing independent review and 
evaluation of the program. Further, the project administration conducts radiological and dosimetry 
support; develops and implements training; and coordinates the ALARA program. 

9.4 HAZARDOUS MATERIAL PROTECTION 

The Hanford Site Industrial Hygiene Program is designed to protect all workers from 
hazardous exposures to physical, chemical, and biological agents. The program provides the basis for 
an effective industrial hygiene program that preserves worker health and well being following 
DOE 5480.4, Environmental Protection, Safety, and Health Protection Standards, and DOE 5480.10, · 
Contractor Industrial Hygiene Program. These DOE orders implement 29 CFR 1910, "Occupational 
Safety and Health Standards," and 29 CFR 1926, "Safety and Health Regulations for Construction." 
Current procedures are documented in WHC-CM-1-11 and WHC-CM-4-40, the industrial hygiene 
manuals. The Industrial Hygiene Program is administered by Tank Farms Transition Project. 
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Contractor procedures provide for the identification and evaluation of existing and potential 
health hazards; the implementation of control measures; the periodic monitoring to ensure the 
maintenance of satisfactory conditions; and the conduct of employee training. 

9.5 RADIOACTIVE AND HAZARDOUS MATERIAL WASTE MANAGEMENT 

The transfer and storage of K Basin sludge should be performed in a manner that releases of 
radioactive and hazardous materials to the environment are maintained within regulatory limits and 
exposure of workers and the public to radioactive and hazardous materials is minimized. 

Criteria for confinement, safe handling, and disposal of solid, liquid, and gaseous waste are 
provided in WHC-CM-7-5, Environmental Compliance, which identifies the requirements of the DOE 
5400 series orders, with emphasis on DOE 5400.5, Radiation Protection of the Public and the 
Environment. 

Contractor procedures, which meet the requirements of DOE 5820.2A, Radioactive Waste 
Management, establish requirements for TWRS facility waste acceptance programs. These waste 
acceptance requirements ensure that all waste has been properly identified and characterized before 
being shipped. Each hazardous and radioactive waste generator that delivers waste to TWRS facilities 
is required to comply with TWRS waste acceptance program requirements. 

TWRS radioactjve and hazardous waste manag~ment is implemented through the following: 

• Dangerous Waste Portion of the Resource Conservation and Recovery Act Permit for the 
Treatment, Storage, and Disposal of Dangerous Waste (Ecology 1995a) 

• Hanford Federal Facility Agreement and Consent Order (Ecology et al. 1994) 

• WHC-CM-7-5, Environmental Compliance (1996) 

• WHC-EP-0063, Hanford Site Solid Waste Acceptance Criteria (1993) 

• WHC-EP-0479, Facility Effluent Monitoring Plan/or the Tank Farm Facility (1995) 

• WHC-EP-0496, Westinghouse Hanford Company Waste Minimization and Pollution 
Prevention and Awareness Program (1994) 

• · WHC-EP-0846, Waste Specification System (1995) 

• WHC-SD-WM-EV-081, Tank Farms Low-Level and Mixed Solid Waste Certification Plan 
(1994) 

• WHC-SD-WM-EV-090, Tank Farms Transition Projects Waste Minimization/Pollution 
Prevention Plan (1996) 

• WHC-SD-WM-PLN-119, Tank Farms Containerized Solid Waste Hazardous Chemical 
Characterization/Sampling and Analysis Plan Program (1996). 
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9.6 TESTING, SURVEILLANCE, AND MAINTENANCE 

Initial testing, in-service surveillance, and maintenance programs associated with the transfer 
and storage of K Basin sludge ensure the integrity and operability of safety SSCs. 

The initial testing program includes program for all safety SSCs. The program requires 
development of testing procedures and the review, evaluation, and approval of testing results. Testing 
programs within the initial testing program are specified as quality assurance requirements in WHC
CM-4-2, Quality Assurance Manual. 

In-service surveillance and inspections at TWRS are based on DOE 4330.4B, Maintenance 
Management Program. Program requirements include periodic inspections to ensure that proper 
conditions, cleanliness, and housekeeping are maintained to support safe and reliable facility 
operations. 

Surveillance requirements have been established for safety-class and safety-significant SSCs. 
These requirements provide assurance that the necessary quality of SSCs is maintained and that the 
limiting conditions for operation are being met. Some of the monitoring systems that have 
surveillance requirements are temperature, waste-level, tank vapor space pressure, and leak detection. 

The TWRS maintenance program meets the requirements of DOE 4330.4B. Compliance with 
this order is documented in WHC-SP-850, Maintenance Implementation Plan for Waste Tank 
Maintenance and Production Management. Major maintenance programs include the following: 

• Preventive maintenance 
• Spare parts control 
• Maintenance history 
• Corrective maintenance 
• Maintenance training 
• Measuring and test equipment. 

Requirements for the maintenance program reflect the relative importance of facility SSCs for 
protection of workers, the public, and the environment. 

9.7 OPERATIONAL SAFETY 

Operational safety addresses a variety of programs, including conduct of operations, fire 
protection, occurrence reporting, unreviewed safety questions (USQs), and operational readiness 
review programs. 

The requirements for the operational safety are contained in the following documents: 

• DOE 5480.19, Conduct of Operations Requirements for DOE Facilities, 7/9/90 (change 1: 
5/18/92) 

• DOE 5480.7A, Fire Protection (1993) 
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• DOE 5480.21, Unreviewed Safety Questions 

• · DOE-STD-3006-93, Planning and Conduct of Operational Readiness Reviews (ORR)(1993) 

• DOE 5000.3B, Occurrence Reporting and Processing of Operations Information 

• DOE 5480.31, Startup and Restart of Facilities Operational Readiness Review and Readiness 
Assessments, 9/15/93. 

The implementation guidance of these requirements is provided in WHC-IP-0842. Volume I, 
Administration, of WHC-IP-0842, TWRS Administration, provides implementation guidance for 
Operational Readiness Review and the TWRS Fire Protection Program. 

Volume II, Operations, of WHC-IP-0842, TWRS Administration, provides additional 
implementation guidance for operations at TWRS facilities for such topics as: Management of 
respiratory protection controls and excavation permits, Access Control, and the Conduct of 
Operations. 

WHC-CM-1-5, Standard Operating Practices, establishes requirements for WHC conduct of 
operations and is supplemented by the Westinghouse Electric Corporation's GOBU "Conduct of 
Operations" manual. The manual covers all WHC projects, programs, activities, and facilities, unless 
exceptions are indicted in the individual procedures. 

WHC-CM-441, Fire Protection Program Manual, provide employees who are not fire 
protection professionals with the information on fulfilling fire protection requirements. 

9.8 TRAINING AND PROCEDURES 

The purpose of the training program is to provide training that supports workers in_ 
accomplishing assignments in a safe and effective manner. 1WRS' commitment to safe operation 
of the facility is demonstrated by procedures and training that satisfy the following U.S. Department 
of Energy (DOE) requirements: 

• DOE 4330.4B, Maintenance Management Program (1994) 

• DOE 5480.19, Conduct of Operations Requirements/or DOE Facilities, Change 1 (1992) 

• DOE 5480.20A, Personnel Selection, Qualification, Training, and Staffing Requirements at 
DOE Reactor-and Non-Reactor Facilities (1994). 

Procedure development and control processes are based on WHC-CM-3-5, Document Control 
and Records Management Manual , Section 12.5, Technical Procedure Standard. This standard 
provides the minimum requirements for identification of need, preparation, review, approval, change, 
revision, use, and periodic review of Hanford Site procedures. 

Administrative procedures have been developed to comply with WHC-CM-3-5, Section 12.5 
which defines minimum technical procedure development and use requirements. These practices 
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ensure safe operations by requiring strict adherence to operating procedures, Technical Safety 
Requirements, and sound operating practices. Company policy and administrative procedures further 
require compliance with operating, maintenance, emergency, and alarm response procedures. 

The TWRS training organization has developed training programs that are consistent with the 
requirements contained in DOE 5480.20A and WHC-CM-2-15, Training Standards. 

The contractor's training program described in WHC-IP-0842, 1WRS Administration, provides 
detailed information implementation guidance for operations and maintenance/production control of 
the facilities and the training of the personnel. 

9.9 HUMAN FACTORS 

The consideration of the ability of the operator to reliably and safely operate TWRS facilities 
is integrated into the processes that guide the engineering and operating functions at TWRS. The 
TWRS Engineering and Tank Farm Transition Projects organizations are responsible for the 
implementation of hwnan factors. 

TWRS Engineering utilizes the Safety Management System (SMS) to ensure that hwnan 
factors is considered in the design or modification of TWRS facilities and equipment. The SMS 
requires that the TWRS Design Authority include hwnan factors considerations in the development of 
the functional requirements and technical criteria that guide the design activities. The SMS also 
evaluates the hwnan factor aspects of the operator in the prevention and mitigation of accidents. The 
Safety and Licensing organization considers the effect of hwnan performance on the safety and 
reliability of operations. These considerations are reflected in the development of safety documents 
such as the ISB, the FSAR, the IOSRs, and the TSRs . . 

The consideration of hwnan factors in the operation of the facility is the responsibility of line 
management in the Tank Farms Transition Project. The managers are assisted in this task by 
organizations that address operations safety. These organizations include units responsible for 
industrial hygiene, maintenance, procedures, and training. Each of these organizations has· established 
processes that consider hwnan factors through the analysis of operator tasks , the use of lessons 
learned, and the involvement of the operator in developing instruction material used in the operation 
of the facility . 

9.10 QUALITY ASSURANCE 

Requirements for systematically implementing a quality assurance program, specified in 10 
CFR 830.120, "Quality Assurance" and DOE 5700.6C, Quality Assurance, are established in 
WHC-CM-4-2. 

Activities affecting quality, safety, or reliability of TWRS operations, products, and services 
are performed following documented and approved procedures appropriate for the task. The_ TWRS 
procedure manuals are used to ensure that quality assurance requirements are systematically 
implemented. Procedures are provided in the contractor's quality assurance program for the 
following functions and processes: 
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• Design control 
• · Procurement control 
• Control of instructions, procedures, and drawings 
• Document control 
• Control of purchased items and services 
• Identification and control of items 
• Control of processes 
• Inspection and test control 
• • Control of measuring and test equipment 
• Packaging, handling, shipping, and storage control 
• Inspection, test, and operating status control 
• Control of nonconforming items and activities 
• Software control 
• Control of stop-work and corrective actions 
• Control of personnel training and certification 
• Control of records 
• Control of audits. 

9.11 EMERGENCY PREPAREDNESS 

The TWRS Emergency Preparedness program establishes planning, procedures, and training 
programs to effectively prepare, manage, and respond to emergencies and incidents affecting the 
health and safety of the worker and the public. The contractor's emergency management program 
implements the DOE 5500 series orders. 

The requirements for the TWRS emergency preparedness program are listed as follows: 

• 40 CFR 302, Designation Reportable Quantities, and Notification; EPA/Superfund, Emergency 
Planning, and Community Right-to-Know Programs, 07/01/93 Edition 

• · 40 CFR 355, Emergency Planning and Notification; EPA/Superfund, Emergency Planning, 
and Community Right-to-Know Programs, 07/01/93 Edition 

• DOE 5500.lB, Emergency Management System, 04/30/91 (change 1: 02/27/92) 

• DOE 5500.2B, Emergency Categories, Classes, and Notification and Reporting Requirements, 
04/30/91 (change 1: 02/27/92) 

• · DOE 5500.3A, Planning and Preparedness/or Operational Emergencies, 04/30/91 (change 1: 
02/27/92) 

• · DOE 5500.7B, Emergency Operating Records Protection Program, 10/23/91. 

• DOE 5500.10, Emergency Readiness Assurance Program, 4/3/0/91 (change 1: 2/27/92) 

• DOE/RL-94-02, Hanford Emergency Response Plan, 1994 

K Basin Sludge Safety Assessment 9.8 May 30, 1997 



The TWRS emergency preparedness program is implemented through the following 
procedures. 

• · WHC-IP-0263-T, Tank Fanns Building Emergency Plan (1990) 

Rev. B 

• WHC-IP-0971, Tank Waste Remediation System (IWRS) Emergency Preparedness Program 
Plan (1994). 

9.12 DECONTAMINATION AND DECOMMISSIONING 

A formal Decontamination and Decommissioning (D&D) plan has not been prepared for the 
TWRS. However, the TWRS final safety analysis report will contain limited discussions of D&D 
considerations. Detailed plans will be prepared as required to support final D&D of TWRS. 

Cleanup methods will be assigned to 1WRS facilities on the basis of the disposition method 
deemed appropriate for the waste in those facilities. Facilities that are identified as treatment, 
storage, and disposal units will be closed according to the requirements of the Regulations for 
Implementing Procedural Provisions of the National Environmental Policy Act (Ecology 1995). 

The design of the original 1WRS facilities contained no specific criteria to facilitate D&D. 
The 1WRS facilities were, however, engineered with features to contain leaked waste products and 
minimize the spread of contamination (e.g., nonporous tank walls, double-walled pipes for waste 
transfer, and coatings in pits and buildings that can be decontaminated). The representative design 
features that benefit D&D are as follows: 

• Double-shell tank 
• Encased piping 
• Valve pits 
• High-efficiency particulate air filters · 
• Sludge Transportation System design, including vehicle and shipping container 
• Sludge Receiving Station design, including spill retention basin 
• Piping system design 

Operational considerations necessary for compliance with HSRCM-1 and WHC-CM-7-5 help 
maintain the spread of contamination to ALARA. The representative operational features that benefit 
D&D are as follows: 

• Leakage monitoring 
• Interim stabilization. 

9.13 MANAGEMENT, ORGANIZATION, AND SAFETY PROVISIONS 

This chapter identifies the organizational structure, responsibilities, and interfaces that support 
safe operation of the TWRS. Detailed descriptions may be found in WHC-IP-0842, TWRS 
Administration. 
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The following federal regulations and U.S. Deparnnent of Energy (DOE) orders are required 
for establishing the management, organizational, and institutional aspects of the safety basis for 
TWRS: . 

• 10 CFR 830, Nuclear Safety Management (1994) 

• G-830.120-Rev. 0, Implementation Guide/or Use with 10 CFR Pan 830.120, Quality 
Assurance ( 1994) 

• · RLID 232.1 , Occurrence Reporting and Processing of Operations Information (1996) 

• · DOE 5480.19, Conduct of Operations Requirements for DOE Facilities, Change 1 
(1992) 

• DOE 5480.21 , Unreviewed Safety Questions (1991) 

• DOE 5480.22, Technical Safety Requirements, Change 2 (1996) 

• DOE 5480.23, Nuclear Safety Analysis Repons, Change 1 (1994) 

• DOE 5480.26, Trending and Analysis of Operations Information Using Performance 
Indicators (1993) . 
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Company, Richland, Washington. 

WHC-CM-4-2, 1996, Quality Assurance Manual, Westinghouse Hanford Company, Richland, 
Washington .. 

WHC-CM-4-14, 1996, Applied Radiological Controls, Westinghouse Hanford Company, Richland, 
Washington. 

WHC-CM-4-29, 1996, Nuclear Criticality Safety Manual, Westinghouse Hanford Company, 
Richland, Washington. 

WHC-CM-4-40, 1996, Industrial Hygiene Manual, Westinghouse Hanford Company, Richland, 
Washington. 

WHC-CM-4-41, 1996, Fire Protection Program Manual, Westinghouse Hanford Company, Richland, 
Washington. 

WHC-CM-6-34, TWRS Quality Management Plan, Westinghouse Hanford Company, Richland, 
Washington. 

WHC-CM-6-50, 1996, TWRS Quality Assurance, Westinghouse Hanford Company, Richland, 
Washington. 

WHC-CM-7-5, 1996, Environmental Compliance, Westinghouse Hanford Company, Richland, 
Washington. 

WHC-EP-0063, 1993, Hanford Site Solid Waste Acceptance Criteria, Westinghouse Hanford 
Company, Richland, Washington. 

WHC-EP-0479, 1995, Facility Effluent Monitoring Plan for the Tank Farm Facility, Westinghouse 
Hanford Company, Richland, Washington. 

WHC-EP-0496, 1994, Westinghouse Hanford Company Waste Minimization and Pollution Prevention 
and Awareness Program, Westinghouse Hanford Company, Richland, Washington. 

WHC-EP-0846, 1994, Waste Specification System, Westinghouse Hanford Company, Richland, 
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Washington. 

WHC-IP-0263-T, 1990, Tank Farms Building Emergency Plan, Westinghouse Hanford Company, 
Richland, Washington. 

WHC-IP-0718, 1993, Health Physics Procedures, Westinghouse Hanford Company, Richland, 
Washington. 

WHC-IP-0842, 1996, 'JWRS Administration, Westinghouse Hanford Company, Richland, Washington. 

WHC-IP-0971, 1994, Tank Waste Remediation System (JWRS) Emergency Preparedness Program 
Plan, Westinghouse Hanford Company, Richland, Washington. 

WHC-IP-1043, 1995, WHC Occupational ALA.RA Program, Westinghouse Hanford Company, 
Richland, Washington. 

WHC-SD-SAID-001, 1996, High Level Waste Storage Tank Farms/242-A Evaporator 
Standards/Requirements Identification Document, Westinghouse Hanford Company, Richland, 
Washington. 

WHC-SD-WE-CM-013, 1996, 'JWRS Configuration Management Program Plan, Westinghouse 
Hanford Company, Richland, Washington. 

WHC-SD-WE-EV-081, 1994, Tank Farms Low-Level and Mixed Solid Waste Certification Plan, 
Westinghouse Hanford Company, Richland, Washington. 

WHC-SD-WE-EV-090, 1996, Tank Farms Transition Projects Waste 
Minimization/Pollution Prevention Plan, Westinghouse Hanford Company, Richland, Washington. 

WHC-SD-WE-HAP-002, 1995, Tank Farm Health and Safety Plan, Westinghouse Hanford Company, 
Richland, Washington. 

WHC-SD-WE-PLN-119, 1996, Tank Farms Containerized Solid Waste Hazardous Chemical 
Characterization/Sampling and Analysis Plan Program, Westinghouse Hanford Company, Richland, 
Washington. 

WHC-SD-WE-QAPP-025, 1996, Characterization Quality Po/ides, Rev.2, Westinghouse Hanford 
Company, Richland, Washington. 

WHC-SP-850, 1992, Maintenance Implementation Plan/or Waste Tank Maintenance and Production 
Management, Westinghouse Hanford Company, Richland, Washington. 

WHC-SP-1145, 1995, WHC Radiation Protection Program Implementation of Title JO Code of 
Federal Regulations Part 835, Westinghouse Hanford Company, Richland, Washington. 

ANSI/ANS 8.1, 1983, Nuclear Criticality Safety in Operations with Fissionable Materials Outside 
Reactors. 
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ANSI/ANS 8.3, 1986, Criticality Accident Alarm System. 

ANSI/ ANS 8 .19, 1984, Administrative Practices for Nuclear Criticality Safety. 
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10.0 ITEMS REQUIRING FURTHER RESOLUTION 

There are a number of technical issues involving the offloading and storage of K Basin sludge 
in DST A W-105, ranging from the preconceptual nature of the design of the Sludge Transportation 
System to the uncertainties in the chemical and physical properties of the various sludge materials . 
These "unknowns" tend to result in large uncertainties in the safety analyses. Many of these 
uncertainties are addressed in the preliminary safety assessment through the use of "bounding" 
assumptions that were intended to result in conservative risk estimates. Use of bounding assumptions 
where large uncertainties exist leads to assurance that the risks would not be greater than the risks 
estimated in this document; however, it also tends to lead to implementation of strict controls on K 
Basin sludge offloading and storage activities which may or may not be needed. Therefore, resolution 
of the items listed below would most likely reduce uncertainties about the sludge offloading and 
storage activities and may lead to less-restrictive, and less-costly control strategies. 

10.1 SLUDGE CHEMICAL AND PHYSICAL PROPERTIES 

There are a number of uncertainties about the chemical and physical properties of K Basin 
sludge materials that require resolution before approval to ship and store the material in the tank 
farms can be obtained. An ongoing sludge characteriz.ation program is attempting to resolve these 
issues. In addition, tank farm waste compatibility issues, dealing with the chemical compatibility and 
stability of commingled K Basin sludge and AW-105 tank wastes, must also be addressed. 

The original key assumption regarding the sludge was that no treatment, other than chemical 
adjustments such as adjusting the pH and addition of nitrate and nitrite to meet tank farm corrosion 
specifications, would be performed at K Basins to specifically address pyrophoric chemical reactions 
or hydrogen gas generation and accumulation. This implies that the chemical compatibility of K 
Basin sludge and AW-105 wastes can be favorably demonstrated without requiring treatment of the 
sludge materials. 

More specific assumptions that require resolution, further analysis, and/or experimental 
studies are listed below: 

• Mixing studies with actual A W-105 wastes and K Basin sludge materials are required to 
verify waste compatibility. 

• Waste compatibility assessments of KE canister and fuel wash sludges and all KW Basin 
sludges are required to confirm the asssumption that these sludges are compatible with AW-
105 waste. 

• An independent technical review is needed to verify assumptions made about the chemical 
forms of toxic analytes and gaseous combustion products. 

• Characterization of the radionuclide and toxic chemical composition of K East canister and 
fuel wash sludges and all KW Basin sludges is needed to reduce uncertainties about the 
consequence results . 
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• Additional studies are needed on the chemical phenomena that could lead to generation of 
relatively large quantities of hydrogen gas. Similarly, sludge-specific information is needed to 
verify assumptions made in this preliminary safety assessment on pyrophoric chemical 
reaction phenomena, such as corrosion studies in aqueous and caustic environments. These 
data are needed for a variety of reasons, including development and implementation of 
operating controls and restrictions at K Basin and tank farms, design of the Sludge 
Transportation System, and waste compatibility studies. 

• The viscosity of the sludge assumed in the spray leak accident analysis was based on K East 
Basin floor and pit sludge. Characterization data is required for K East Basin canister and 
fuel was sludge and all K West Basin sludges to determine if the assumed viscosity is 
bounding. 

10.2 SLUDGE TRANSPORTATION SYSTEM 

The design of the Sludge Transportation System is preconceptual so many of the features of 
the system that were incorporated into the safety assessment are subject to change or revision. A 
number of key assumptions about the Sludge Transportation System were made in the hazards and 
accident analyses (e.g., shipping container capacity, pump rating, cover gas, etc.) . These 
assumptions will have to be validated or the analysis revised as the design of the system proceeds. 
The most important characteristic of the Sludge Transportation System in terms of its perfonnance in 
accident conditions was the assumption that the system would be capable of withstanding Type B 
hypothetical accident conditions, or the Hanford equivalent used for onsite transportation packaging 
systems. This includes the systems capability to retain containment integrity following a series of 
tests applied to the system, including a free drop, puncture, and fire tests. If the Sludge 
Transportation System is not Type B, or the Hanford equivalent, the safety assessment would have to 
be revised using a less accident-resistant transportation system. However, it is believed the 
assumption that the Sludge Transportation System will be designed as a Type B or equivalent 
packaging system is firm, given that K Basin sludge shipments, as currently envisioned, will have 
relatively-high radionuclide inventories. 

10.3 SLUDGE RECEIVING SYSTEM 

Although further advanced that the design of the Sludge Transportation System, the design of 
the Sludge Receiving Station to be constructed in the AW tank farm is still subject to change. Any 
future changes in the design of this system would need to be compared to the design parameters used 
in this safety assessment and adjustments or modifications would be made. 

10.4 RESOLUTION OF CRITICALITY SAFETY ISSUE 

A known hazard associated with certain types of K Basin sludge is it;s relatively high 
concentration of fissile materials. A Criticality Feasibility Study is being conducted to identify the 
criticality· safety requirements for several different stoirage configuration alternatives for the sludge. 
Preliminary indications are that chemical pretreatment of the sludge may be required to allow storage 
in AW-105. This pretreatment may alleviate some of the "unique" hazards associated with K Basin 
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sludge, including flammable gas generation and retention and pyrophoric chemical reactions. Final 
resolution of the criticality safety requirements for storage of K Basin sludge will have to be 
considered in future revisions to this safety assessment. 
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APPENDIX A 

GENERAL DESIGN REQUIREMENTS 
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APPENDIX A 

GENERAL DESIGN REQUIREMENTS 

This appendix presents a listing of regulations, DOE Orders, and requirements applicable to 
the design and safety analysis of the K Basin sludge transfer systems. A concise compilation of 
TWRS-specific federal, state, and local laws, regulations, permit conditions, industry consensus 
codes, standards, and good business practices is provided in WHC-SD-MP-SRID-001, Rev 1, High 
Level Waste Storage Tank Farms/242-A Evaporator Standards/Requirements Identification Document. 
This document is currently being implemented and any required changes to TWRS programs, 
particularly environment, safety, and health and safeguards and security functional areas, are being 
identified. Changes required to incorporate K Basin sludge offload and storage activities will be 
incorporated at a later date. Note that this appendix focuses on TWRS-related requirements because 
the Sludge Receiving Station and DST AW-105 are, or will be, TWRS facilities. The Sludge 
Transportation System will be designed, fabricated, and operated under similar sets of requirements, 
which have been incorporated into this appendix where applicable. 

The following sections present the requirements that are applicable to each major section of 
the safety assessment, as defined in DOE Order 5480.23 and DOE-STD-3009-94. Separate sections 
are provided for each major chapter in the outline provided in the DOE Standard . . 

A.1 SITE CHARACTERISTICS REQUIREMENTS 

The following are current standards, regulations, and DOE orders that establish the 
requirements for Hanford Site characterization in support of safety analysis and design. Additional 
requirements may be imposed on new facilities and facility modifications to meet DOE safety 
requirements: 

• 
• 
• 

•· 

• 

• 

DOE 5480.28, Natural Phenomena Hazards Mitigation (1993)1 

DOE 6430.lA, General Design Criteria (1989)1 

DOE-STD-1020-94, Natural Phenomena Hazards Design and Evaluation Criteria/or 
Department of Energy Facilities (1994) 

DOE-STD-1021-93, Natural Phenomena Hazards Performance Categorization 
Guidelines for Structures, Systems, and Components (1993) 

DOE-STD-1022-94, Natural Phenomena Hazards Site Characterization Criteria 
(1994) 

DOE-STD-1023-95, Natural Phenomena Hazards Assessment Criteria (1995) 

Although DOE 5480.28 and DOE 6430. lA have been rescinded recently, the 
contractor is obligated by the existing contract to meet the requirements in these 
orders. 
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• · DOE-STD-1024-92, Guidelines for Use of Probabilistic Seismic Hazard Curves at 
DOE Sites (1992) 

• UCRL-15910, Design and Evaluation Guidelines for DOE Facilities Subjected to 
Natural Phenomena Hazards ( 1990). 

A.2 DESIGN REQUIREMENTS 

The design codes, standards, regulations, and DOE orders relevant to this chapter and 
required for establishing the authorization basis for TWRS facilities are as follows : 

• • DOE 5820.2A, Radioactive Waste Management (1988) 

• DOE 5480.7A, Fire Protection (1993) 

• DOE 5480.28, Natural Phenomena Hazard Mitigation (1994)2 

• DOE 6430. lA, General Design Criteria (1989)1 

• DOE-STD-1020-93, Natural Phenomena Hazards Design and Evaluation Criteria for 
Department of Energy Facilities (Change 1) 

• DOE-STD-1021-94, Natural Phenomena Hazards Performance Categorization 
Guidelines for Structures, Systems, and Components (Change 1) 

• DOE-STD-1022-94, Natural Phenomena Hazards Characterization Criteria (Change 
1) 

• DOE-STD-1023-95, Natural Phenomena Hazards Assessment Criteria (Change 1). 

Before the current design requirements were issued, facilities were designed and constructed in 
accordance with the functional and safety requirements documented in project functional design 
criteria, specifications, and drawings (see WHC-SD-'IWR-RPT-002, Structural Integrity and Potential 
Failure Modes of the Hanford High-Level Waste Tanks) . 

A.3 SAFETY ANALYSIS REQUIREMENTS 

The primary requirements for the performance and documentation of facility safety analyses 
are provided in the following documents: 

•· 

2 

· DOE 5480.23, Nuclear Safety Analysis Reports (1992). 

Although DOE 5480.28 and DOE 6430. lA have been rescinded recently, the 
contractor is obligated by the existing contract to meet the requirements stated in these 
orders. 
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• DOE-STD-1027-92, Hazard Categorization and Acddent Analysis Techniques for 
Compliance With DOE Order 5480.23, Nuclear Safety Analysis Reports (1992). 

• DOE~STD-3009-94, Preparation Guide for U.S. DOE Nonreactor Nuclear Fadlity 
Safety Analysis Reports (1994) . 

A.4 SAFETY SYSTEM, STRUCTURE, AND COMPONENT REQUIREMENTS 

The following documents present the primary criteria for the design, analysis, and designation 
of safety systems, structures, and components (SSCs): 

• DOE 5480.23, Nuclear Safety Analysis Reports (1992). 

• DOE 6430. lA, General Design Criteria (1989)1 

• DOE-STD-1021-94, Natural Phenomena Hazards Performance Categorization 
Guidelines for Structures, Systems, and Components (Change 1) 

A.S TECHNICAL SAFETY REQUIREMENTS 

The primary requirements for preparation of the hazard and accident analyses and the TSR 
document are included in the following documents: 

e, DOE 5480.22, Technical Safety Requirements (1992). 

• DOE 5480.23, Nuclear Safety Analysis Reports (1992). 

A.6 CRITICALITY REQUIREMENTS 

The following design codes, federal regulations, DOE orders, and standards were used to 
establish the foundation for criticality safety of TWRS facilities and the Sludg Transportation System: 

• 10 CFR 71, "Packaging of Radioactive Material for Transport" (1995) 

• 49 CFR 171-179, "Transportation" (1995) 

• DOE 5480.24, Nuclear Criticality Safety (1992) 

ec DOE 5480.23, Nuclear Safety Analysis Reports (1994). 

• As cited and modified by DOE 5480.24, 1992, Nuclear Criticality Safety, 
U.S. Department of Energy, Washington, D.C. Note: Canceled by DOE O 420.1. 
Compliance with DOE 5480.24 is required until the Contracting Officer directs 
compliance with DOE O 420.1 or provides other direction to terminate compliance 
with DOE 5480.24: 
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ANSI/ANS-8.3-1986, Criticality Accident Alarm System (1986) 

ANSI/ANS-8.7-1975, Guide/or Nuclear Criticality Safety in the Storage of Fissile 
Materials (1975) 

ANSI/ANS-8.19-1984, Administrative Practices/or Nuclear Criticality Safety (1984). 

A.7 RADIATION PROTECTION REQUIREMENTS 

The following docwnents form the philosophical and legal bases for the radiation protection 
program at Hanford facilities, including 1WRS, Spent Nuclear Fuel, and transportation and 
packaging. 

• 10 CFR 835, "Occupational Radiation Protection," (1993). 

• - DOE/EH-0256T, Radiological Control Manual, (1994). 

· • HSRCM-1, Hanford Site Radiological Control Manual, Rev. 2, (1994). 

• • DOE 5400.1, General Enviro11TT1ental Protection Program, (1990). 

• DOE 5400.5, Radiation Protection of t~e Public and the Environment, (1990). 

In addition to these principal docwnents, the following docwnents affect parts of the radiation 
protection program: 

• 

• 

• 

• .. 
3 

DOE 5480.18B, Accreditation of Performance-Based Training for Category A 
Reactors and Nuclear Facilities , (1991) 

DOE 5480.20, Personnel Selection, Qualification, Training, and Staffing 
Requirements at DOE Reactor and Non-Reactor Nuclear Facilities, (1994) 

DOE 5480.4, Environmental Protection, Safety, and Health Protection Standards, 
(1993)3 

20 CFR 1910, "Occupational Safety and Health Standards," (1996) 

40 CFR 61, "National Emission Standards for Hazardous Air Pollutants," (1996) 

This order has been canceled and replaced by DOE O 440.1 . Compliance with DOE 
5480.4 is required by the WHC contract and is, therefore, the applicable requirement 
for the 1WRS safety basis. 
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The radiological training program at Hanford complies with the requirements stated in 
10 CFR 835 and its implementation guide G-10 CFR 835/Jl-Rev. 1, DOE 5480.18B, and DOE 
5480.20. The training program also meets the requirements of the DOE training program 
management manuals (DOE/EH-0258T-1, General Employee Radiological Training and Radiological 
Worker Training; DOE 1992b, Radiological Control Technidan Training) and the DOE training 
accreditation program manual (DOE 1991, Training and Accreditation Program Manual). The 
training program is structured so that every employee receives the training necessary to safely 
perform their work but not extraneous training. The quality of the radiological protection training 
program is assured by the guidance of the radiological control organization through their oversight 
function. Worker qualification records are maintained by the contractor's training records 
organization. This section provides an overview of the radiological training program while section 
A.12 "Procedures and Training" of this apendix describes the management aspects of the training 
program. 

The site-wide Hanford Training Program consists of courses in general safety awareness, 
nuclear safety, and hazardous materials and waste. The radiological protection training program 
includes information on general and specific aspects of radiation safety including: minimization of 
radiation exposures through the use of tiine, distance and shielding; radiation health effects; and 
radiation dose limits. The Safety Training Program includes a multitiered radiation protection 
training program which provides a level of training commensurate with the individual's radiological 
worker status and specific work assignment. Training requirements and the methods used to develop 
training programs are discussed in the TWRS FSAR, <:;hapter 12. 

A.8 HAZARDOUS MATERIAL PROTECTION REQUIREMENTS 

Applicable design codes, standards, regulations; and DOE orders relevant to this chapter and 
required for establishing the safety basis of TWRS facilities are listed in this section. These DOE 
orders implement 29 CFR 1910, "Occupational Safety and Health Standards," and 29 CFR 1926, 
"Safety and Health Regulations for Construction." 

• 
• 

• 

4 

5 

DOE 3790. lB, Federal Employee Occupational Safety and Health Program (1993) 

DOE 5480.lB, Environmental, Safety, and Health Program/or DOE Operations, 
· Change 5 (1993)4 

DOE 5480.4, Environmental Protection, Safety, and Health Protection Standards, 
Change 4 (1993)5 

Paragraph So canceled by DOE 5480.21 of December 24, 1991; entire order canceled 
by DOE N 251.4. Compliance with DOE 5480. lB required until directed by 
Contracting Officer to terminate compliance. 

Attachment 2 Paragraphs 2c, 2d(2)-(3), 2e(l)-(8) canceled by DOE O 440.1; 
Attachment 3 Paragraphs 2c, 2d(2)-(3), 2e(l)-(7) canceled by DOE O 440.1. 
Compliance with DOE 5480.4 required until the Contracting Officer directs 
compliance with DOE O 440.1 or provides other direction to terminate compliance 

K Basin Sludge Safety Assessment A.5 May 30, 1997 



• DOE 5480.8A, Contractor Occupational Medical Program, Change 3 (1992)6 

• DOE 5480.9A, Construction Project Safety and Health Management (1994)7 

• · DOE 5480.10, Contractor Industrial Hygiene Program (1985).8 

• DOE 5483.lA, Occupational Safety and Health Program/or DOE Contractor 
Employees at Government-Owned Contractor-Operated Facilities (1993)9 
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• DOE 5484.1, Environmental Protection, Safety, and Health Protection Information 
Reporting Requirements (1990) 

Workers whose work may potentially expose them to hazardous materials on the job must 
have sufficient training to know the physical and chemical hazards presented by the materials in their 
environment and how to protect themselves from the deleterious effects of exposure. In addition to 
General Employee Training, workers who potentially may be exposed to hazardous materials during 
their work receive 24- or 40-hour hazardous waste operations training per 29 CFR 1910.120, 
"Hazardous Waste Operations and Emergency Response." A list of major training requirements and 
topics that are pursued is provided in the TWRS FSAR. Facility-specific training is provided to 
personnel regarding hazardous materials that may be encountered during work in each location. 

A.9 RADIOACTIVE/HAZARDOUS WASTE MANAGEMENT REQUIREMENTS 

TWRS controls wastes pursuant to the requirements of applicable federal and state regulations 
and DOE orders in a manner that protects the public and the environment. The following list 
provides the basis for the operational and safety procedures for sludge offloading and storage 
activities at TWRS facilities: 

6 

7 

8 

9 

with DOE 5480.4. 

Canceled by DOE N 251.4 and DOE O 440.1. Compliance with DOE"5480.8A is 
required until the Contracting Officer directs compliance with DOE O 440.1 or 
provides other direction to terminate compliance with· DOE 5480.8A. 

Canceled by DOE N 251.4 and DOE O 440.1. Compliance with DOE 5480.9A is 
required until the Contracting Officer directs compliance with DOE O 440.1 or 
provides other direction to terminate compliance with DOE 5480.9A. 

Canceled by DOE N 251.4 and DOE O 440.1. Compliance with DOE 5480.10 is 
required until the Contracting Officer directs compliance with DOE O 440.1 or 
provides other direction to terminate compliance with DOE 5480.10. 

Chapter II canceled by DOE 5480.29; Chapter ill Paragraphs 2a, 2b, and 2c canceled 
by DOE O 231.1; entire order canceled by DOE N 251.4 and DOE O 440.1. 
Compliance with DOE 5483. lA is required until directed by DOE-RL to comply with 
DOE O 440.1. 
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• Solid wastes: 

40 CFR 260, "Hazardous Waste Management System: General" (1995) 

40 CPR 261, "Identification and Listing of Hazardous Waste" (1995) 

40 CFR 262, "Standards Applicable to Generators of Hazardous Waste" (1995) 
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40 CFR 263, "Standards Applicable to Transporters of Hazardous Waste" (1995) 

40 CFR 264, "Standards for Owners and Operators of Hazardous Waste Treatment, 
Storage, and Disposal Facilities" (1995) 

40 CFR 265, "Interim Status Standards of Owners and Operators of Hazardous Waste 
Treatment, Storage, and Disposal Facilities" (1995) 

40 CFR 266, "Standards for the Management of Specific Hazardous Wastes and 
Specific Types of Hazardous Waste Management Facilities" (1995) 

40 CFR 268, "Land Disposal Restrictions" (1995) 

40 CFR 279, "Standards for the Management of Used Oil" (1995) 

DOE 5820.2A, Radioactive Waste Management (1988) 

Hanford Federal Facility Agreement and Consent Order (Ecology et al. 1994) 

WAC 173-303, "Dangerous Waste Regulations" (1995) 

• Hazardous materials: 

40 CFR 370, "Hazardous Chemical Reporting: Community Right-To-Know" (1995) 

40 CFR 372, "Toxic Chemical Release Reporting: Community Right-To-Know" 
(1995) 

40 CFR 761, "Polychlorinated Biphenyls (PCBs) Manufacturing, Processing, 
Distribution in Commerce, and Use Prohibitions" (1995) 

40 CFR 763, "Asbestos" (1995) 

• Water quality: 

Consent Order DE-91NM-177 (see WHC-CM-7-5, Appendix E [1996]) 
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DOE 5400.1, General Environmental Protection Program, Change 1 (1990)10 

DOE 5400.5, Radiation Protection of the Public and the Environment, Change 2 
(1993) 

WAC 173-200, "Water Quality Standards for Ground Waters of the State of 
Washington" (1995) 

WAC 173-216, "State Waste Discharge Pennit Program" (1995) 

WAC 173-218, "Underground Injection Control Program" (1995) 

• · Air quality: 

40 CFR 60, "Protection of Environment" (1995) 

40 CFR 61, "National Emissions Standards for Hazardous Air Pollutants" (1995) 

WAC 173-400, "General Regulations for Air Pollution Sources" (1995) 

WAC 173-460, "Controls for New Sources of Toxic Air Pollutants" (1995) 

WAC 173-480, "Ambient Air Quality Standards and Emission Limits for 
Radionuclides" ( 1995) 

WAC 246, "Department of Health" (lg95) 

• Spill reporting: 

40 CFR 302, "Designation, Reportable Quantities, and Notification" (1995) 

WAC 173-303, "Dangerous Waste Regulations" (1995) 

• · Transportation: 

49 CFR 171, Subchapter C - Hazardous Materials Regulations, "General 
Information, Regulations, and Definitions" (1995) 

49 CFR 172, "Hazardous Material Table, Special Provisions, Hazardous Materials 
Communications, Emergency Response Information, and Training Requirements" 
(1995) 

Chapter II, Paragraphs 2b, 4b, and 4c and Chapter ill, Paragraphs 2d and 3b, 
canceled by DOE O 231.1 . Compliance. required until directed by Contracting 
Officer to terminate compliance. 
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49 CFR 173, "Shippers - General Requirements for Shipments and Packagings" 
(1995) 

DOE 1540.2, Hazardous Material Packaging for Transport - Administrative 
Procedures, Change 1 (1988)11 

DOE 5480.3, Safety Requirements for the Packaging and Transportation of Hazardous 
Materials, Hazardous Substances, and Hazardous Wastes (1985)12 

Hanford Facility RCRA Permit, Dangerous Waste Portion. 

A.10 INITIAL TESTING, IN-SERVICE SURVEILLANCE, AND MAINTENANCE 

Initial testing, in-service surveillance, and maintenance policies and programs addressed in 
this safety assessment are regulated by the following DOE orders: 

• 
• 
• 

• 
• 
• 

11 

12 

13 

14. 

DOE 4330.4B, Maintenance Management Program (1994)13 

DOE 4700.1, Project Management System, Change 1 (1992) 1 

DOE 5480.19, Conduct of Operations Requirements for DOE Facilities, Change 1 
(1992) 

DOE 5480.23, Nuclear Safety Analysis Reports, Change 1 (1994) 

DOE 5480.31, Startup and Restart of Nuclear Facilities (1993)14 

DOE-76-45/1, Occupancy/Use Readiness Manual (1992) . 

Canceled by DOE O 460.1 and DOE O 460.2. Compliance required until 
DOE O 460.1 or DOE O 460.2 is for compliance or other Contracting Officer 
directing to cancel. 

Paragraph 2e canceled by DOE O 231.1; entire order canceled by DOE O 460.1 and 
DOE N 251.4. Compliance required until DOE O 460.1 is for compliance or other 
Contracting Officer direction to cancel. 

DOE 4330.4B and DOE 4700.1 will be phased out/canceled upon meeting 
implementation conditions of DOE O 430.1, life-Cycle Asset Management (1995). 

DOE 5480.31 canceled by DOE N 251.4, Cancellation of Directives. Compliance 
with DOE 5480.31 is required until the Contracting Officer provides direction to 
terminate compliance. 
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The requirements of initial testing, in-service surveillance, and maintenance programs reflect 
the safety-class assignments of SSCs for protection of the public, personnel, and the environment as 
discussed in Chapter 4.0, "Safety Systems, Structures, and Components." 

A.11 OPERATIONAL SAFETY REQUIREMENTS 

Adherence to the following design codes, standards, regulations, and DOE orders is required 
for establishing the safety basis for offloading and storing K Basin sludge in DST A W-105. This list 
includes only those requirements specific to ·the safety analysis of K Basin sludge transport, 
offloading, and storage activities described in this report, which will ultimately be required to be 
incorporated into the TWRS authorization basis. · 

• · DOE 5480.31, Startup and Restart of Nuclear Facilities (1993) 

• DOE 5480.7A, Fire Protection (1993) 

• DOE 5480.19, Conduct of Operations Requirements for DOE Facilities, Change 1 
(1992) 

• DOE-STD-3006-93, Planning and Conduct of Operational Readiness Reviews (ORR) 
(1993) 

• RLID 5480.7, Fire Protection (1994). 

A.12 PROCEDURES AND TRAINING REQUIREMENTS 

TWRS commitment to safe operation of the tank farm, including the sludge transportation, 
offloading, and storage activities, is demonstrated by procedures and training that satisfy the following 
DOE requirements: 

• DOE 4330.4B, Maintenance Management Program (1994) 

• · DOE 5480.18B, 1994, Nuclear Facility Training Accreditation Program, U. S. 
Department of Energy, Washington, D. C. 

• • DOE 5480.19, Conduct of Operations Requirements for DOE Facilities, Change 1 
(1992) 

• DOE 5480.20A, Personnel Selection, Qualification, Training, and Staffing 
Requirements at DOE Reactor and Non-Reactor Facilities (1994). 

A.13 IRJMAN FACTORS REQUIREMENTS 

The regulations and DOE orders relevant to human factors and required for establishing the 
authorization basis for TWRS facilities are as follows: 
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• 10 CFR 830, "Nuclear Safety Management" (1994) 

• DOE 5000.3B, Occurrence Reporting and Processing of Operations Information (1993)15 

• DOE 5480.19, Conduct of Operations Requirements for DOE Facilities, Change 1 (1990) 

• DOE 5480.20A, Personnel Selection, Qualifications, Training, and Staffing Requirements at 
DOE Reactors and Nonreactor Nuclear Facilities (1991) 

• · DOE 5480.23, Nuclear Safety Analysis Reports, Change 1 (1994) 

• DOE 6430.lA, General Design Criteria, Section 1300-12, "Human Factors Engineering" 
(1989)16 

• HSRCM-1 , Hanford Site Radiological Control Manual (1994). 

A.14 QUALITY ASSURANCE REQUIREMENTS 

10 CFR 830.120 is the source document for the contractor Quality Assurance Program 
(QAP). WHC-SP-1131, Westinghouse Hanford Company Quality Assurance Program and 
Implementation Plan, Implementation of Title 10 Code of Federal Regulations Part 830.120, details 
the contractor QAP and the measures taken to comply _with 10 CFR 830.120. WHC-SP-1131 has 
been issued by the contractor and approved by·the DOE. Appendix A of WHC-SP-1131 contains 
details of unique, TWRS-specific features and implementation shortcomings that are part of the 
implementation plan. A standards/requirements identification document (S/RID) produced for each 
TWRS facility lists specific codes, standards, and requfrements used to implement the contractor 
QAP. These TWRS S/RIDs are subsets of the company-level S/RIDs set. 

A.15 EMERGENCY PREPAREDNESS REQUIREMENTS 

The following DOE orders, regulations, standards, and codes contain specific emergency 
preparedness requirements that establish the safety basis for the tank farm facilities, including the 
DST A W-105 and Sludge Receiving Station, as well as the Sludge Transportation System. 

15 

16 

DOE 5000.3B, Occurrence Reporting and Processing of Operations Information, 
Change 1 (1993) was canceled May 10, 1996. Subsequent references will be to DOE 
0 231.1. 

Non-safety-related portions of DOE 6430. lA will be phased out or canceled when 
implementation conditions of DOE O 430. l are met; portions related to nuclear safety 
for nonreactor nuclear facilities will be canceled by DOE O 420.-1 . Compliance with 
DOE 6430.lA is required until directed by U.S. Department of Energy, Richland 
Operations Officei to comply with DOE O 430.1 and DOE O 420.1 . Contract 
modification is required when DOE 6430. lA is canceled. 
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10 CFR 835, "Radiation Protection" (1993) 

29 CFR 1910, "Occupational Safety and Health Standards" (1995) 

40 CFR 265, "Interim Status Standards for Owners and Operators of Hazardous 
Waste Treatment, Storage, and Disposal Facilities for EPA Solid Wastes" (1995) 

40 CFR 302, "Designation Reportable Quantities, and Notification; EPA/Superfund, 
Emergency Planning, and Community Right-To-Know Programs" (1995) 

40 CFR 355, "Emergency Planning and Notification; EPA/Superfund, Emergency 
Planning, and Community Right-To-Know Programs" (1995) 

WAC 173-303, "Dangerous Waste Regulations" (1995) 

WAC 296-62, "Occupational Health Standards-Safety Standards for Carcinogens" 
(1995) 

DOE O 232.1, Environment, Safety, and Health Reporting (1995) 17 

DOE 5480.10, Contractor Industrial Hygiene Program, Change 3 (1985) 

DOE 5480.11, Radiation Protection/or Occupational Workers, Change 3 (1992)18 

DOE 5482.lB, Environment, Safety, and Health Appraisal Program, Change 1 (1991) 

DOE 5500. lB, Emergency Management System, Change 1 (1992)19 

DOE 5500.2B, Emergency Categories, Classes, and Notification and Reporting 
Requirements, Change 1 (1992)20 

DOE O 151.1 , Comprehensive Emergency Management System (1995) . 

DOE 5000.3B, Occurrence Reporting and Processing of Operations Information, Change 
1 (1993) was canceled May 10, 1996. Subsequent references will be to DOE O 231.1. 

Canceled by DOE N 441.1 and DOE N 251.4. Compliance with DOE 5480.11 is 
required until the Contracting Officer directs compliance with DOE N 441.1 and 
DOE N 251.4 or provides other direction to terminate compliance with DOE 5480.11. 

Entire order canceled by DOE O 151.1, Change 1. Compliance with DOE 5500.lB is 
required until directed by DOE-RL to comply with DOE O 151.1 . 

Entire order canceled by DOE O 151.1, Change 1. Compliance with DOE 5500.lB is 
required until directed by DOE-RL to comply with DOE O 151.1 . 
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• HSRCM-1, Hanford Site Radiological Control Manual (1994). 

A.16 DECONTAMINATION AND DECOMMISSIONING REQUIREMENTS 

The current regulatory basis for Decontamination and Decommissioning (D&D) activities is 
being developed. DOE plans to address D&D requirements for existing facilities in greater technical 
detail in the future. The following requirements are representative of those currently in place for 
D&D activities . 

• DOE 5400.5, Radiation Protection of the Public and the Environment (1993) 

• · DOE 5820.2A, Radioactive Waste Management, Chapter V, "Decommissioning of 
Radioactively Contaminated Facilities" ( 1988) 

• National Environmental Policy Act of 1969 

• Resource Conservation and Recovery Act of 1976 

• WAC 173-303, "Dangerous Waste Regulations, " Washington Administrative Code 
(1995). 

A.17 MANAGEMENT, ORGANIZATIONAL, AND INSTITIJTIONAL SAFETY PROGRAM 
REQUIREMENTS 

This section lists the requirements specific to this chapter and pertinent to the safety analysis. 
The following federal regulations and DOE orders are required for establishing the management, 
organizational, and institutional aspects of the safety basis for TWRS facilities and operations: 

• 10 CFR 830, "Nuclear Safety Management" (1994) 

• G-830.120-Rev. 0, Implementation Guide for Use with JO CFR Part 830.120, Quality 
Assurance (1994) 

• · RLID 232.1 , Occu"ence Reporting and Processing of Operations Information (1996) 

• · DOE 5480.19, Conduct of Operations Requirements for DOE Facilities, Change 1 
(1992) 

• DOE 5480.21, Unreviewed Safety Questions (1991) 

• · DOE 5480.22, Technical Safety Requirements, Change 2 (1996) 

• DOE 5480.23, Nuclear Safety Analysis Reports, Change 1 (1994) 

• · RLP 5480.23 , Review and Approval of Nuclear Safety Analysis Reports, (1996) . 
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• DOE 5480.26, Trending and Analysis of Operations Information Using Performance 
Indicators (1993). 
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Table B.l. Summary of Relevant Operational Occurrences 

Description of Occurrence Nwnber of Occurrences 

AW FARM MENTIONED 42 

OCCURRENCES DURING TRANSFERS 

Misroute/Mistransfer/lnadvertant Transfer 38 

Overfill Receiver Tanlc 9 

Transfer LineN alve/Connector Leak/Failure 42 

Line Plugged 8 

High Pressure in Receiver Tanlc 3 

Inadequate Procedures/Failure to Follow Procedures 7 

Inadequate/Failure to Adjust Prior to Transfer 8 

Level Decrease 11 

Potential Excessive Radiation Exposures 7 

Other 3 

EXCAVATION INCIDENTS 9 

NON-TRANSFER 

Inadequate Procedures/Failure to Follow Procedures 5 

Instrumentation and Control 3 

Hardware Failure 9 

Other 3 

FAILURE OF SUPPORT SERVICES 

AC Power 27 

Raw Water 3 

Steam 1 

Compressed Air 9 

VEHICULAR ACCIDENTS 9 
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Table 8.2. Tank Fann Events, Off-Normal and Critiques. (4 sheets) 

Date Event# Event Type Event Description 

1-8-86 ~ ON Tank 101-AW pressurized after transfer, reason unknown 

1-9-86 86-03 ON Tank 101-AW slurry distributor plugged during transfer. 

1-16-86 86-06 ON Valve AX-B-15 leaked, allowing AY-102 to AW-102 transfer to enter AN-101. 

2-6-86 86-11 ON 204-AR 702 leak detector switch mislabeled, improperly bypassed. Transfer stopped due to bypass signal. 

2-25-86 86-17 ON Primary exhauster shutdown, bac~p failed . Six AW tanks pressurized. 

11-18-86 86-19 ON 241-AW annulus exhauster fan failed, loose blade caused hole in housing. 

1-17-87 86-20 ON Tank 106-A W pressurized during slurry transfer. 

3-26-86 86-21 ON Tank 105-A W pressurized during PUREX E-5 transfers. (4 times) 

1-17-87 86-25 ON 241-AW primary & annulus exhauster failure . AW tanks pressurized. 

1-21-87 86-27 ON 241-A W portable exhauster failed during primary exhauster maintenance. AW tanks pressurized. 

6-30-86 86-29 ON 102-A W pressurized due to sump jct air DOV leak-through. 

7-21-86 86-31 ON Power shut off to 241-AN tank farm. Operations notified 30 days prior, but not at the time. 

7-21-86 86-32 ON 271-AN air .conditioner repair tripped building power off. 

7-23-86 86-33 ON 241-A W portable exhauster' fail, would not restart . AW tanks pressurized. 

1-17-87 86-36 ON 102-A W tank pressurized during transfer, pressure instruments valved out. 

9-17-86 86-38 ON 241-AW Raw water service pit strainer leaked 850 gallons due to improper size of hold down lid. 

10-3-86 86-41 ON A Y & AZ farm steam diverter valve stuck during test, flow to 216-A-08 crib. 

10-7-86 86-45 ON AN farm air compressor failed causing loss of air to farm instruments . 

11-29-86 86-54 ON Electrical outage at 200-East farm, AN, AP, and AW tanks pressure alarms activated. 

12-1-86 86-55 ON Power supply tripped to AP farm, tripped vent systems. Tanks pressurized. 

12-10-88 WHC-C-88-185-TF-10 Critique Misrouted condensate from A-417 to 101-AZ tank, instead of 102-AY receiver tank. 

12-19-90 WHC-T ANKFARM-1990-346 ON AW farm backup exhaust. fan failed to start as required. High pressure in tank farm. 

1-11-91 WHC-TANKFARM-1991-32 ON 241-AW primary exhaust fari restarted during testing, while personnel near by. "Near-miss• injury. 

1-23-91 WHC-TANKFARM-1991-72 ON Portable air compressor failure causes loss of inst. air at 244-AR vault. 

6-22-91 WHC-TANKFARM-1991-1023 ON Portable compressor seized, high pressure alarms tripped at 241-A W farm. 

6-29-91 WHC-TANKFARM-1991-1026 ON Power lost to 200-East Area during electrical storm. 

8-6-91 WHC-TANKFARM-1991-1031 ON Momentary power loss to 2PQ-East and West Areas. 



Table B.2. Tank Fann Events, Off-Normal and Critiques. (4 sheets) 
Date ~vent I Event Type Event Description 

11-26-91 WHC-TANKFARM-1991-1067 ON Front-end loader backed into and broke a thermocouple riser at T-108 tank. 

11-28-91 WHC-TANKFARM-1991-1068 ON AY-102 level increased during transfer from 244-CR-003 to AY-101. 

12-31-91 WHC-TANKFARM-1991-1085 ON Air compressor failure leads to 241-SX exhauster shutdown. 

1-1-92 WHC-TANKFARM-1992-01 ON Truck at 241-TX farm picked up tumbleweeds on carriage, tumbleweeds ignited. 

1-24-92 WHC-TANKFARM-1992--09 ON During a transfer line hydro test in 241-S farm, water leaked and drained into valve pit . . 

2-25-92 WHC-TANKFARM-1992-15 ON SX farm exhauster shutdown due to portable compressor shutdown when it ran out of fuel. 

2-28-92 WHC-TANKFARM-1992-20 ON While fueling a portable compressor at 241-BY, fuel was spilled on the ground. 

3-6-92 WHC-TANKFARM-1992-25 ON Tank C-100 inadvertently transferred to 102-AW. 

3-24-92 WHC-TANKFARM-1992-29 ON Operator backed a van into a riser and punctured the gas tank. Spilled fuel onto the ground. 

4-2-92 WHC-TANKFARM-1992-31 ON Hazardous substance in railcar not pumped at 204-AR within time limits. 

4-29-92 WHC-TANKFARM-1992-36 ON Transformer failure interrupts 241-S farm leak detection and level monitoring instruments. 

5-14-92 WHC-TANKFARM-1992-40 ON Transfer line SL-116 in 241-S farm, failed hydro test, leak sprayed out heat trace conduit. 

6-10-92 WHC-TANKFARM-1992-45 ON Allempting to hydro test transfer line SL-115, 200 gallons more than the calculated line holdup was added. 
Assume line failed . 

6-12-92 WHC-TANKFARM-1992-46 ON Auempted to hydro test transfer line SN-215, line did not hold pressure for 30 seconds. Assume line failed . 

7-15-92 WHC-TANKFARM-1992-54 ON Transfer made through diversion box which drains to catch tank A-302-A which level above 50%. Exceeded 
level limit. ' ' 

9-30-92 WHC-TA~FARM-1992-72 ON During 106-AN to 102-AP transfer, 102-AW level increased. 3,575 gallon discrepancy in tank level. 

10-21-92 WHC-TANKFARM-1992-83 ON AW-101 pressurization and level decrease. Tank placed on flammable gas watchlist . 

1-15-93 WHC-T ANKFARM-1993-08 ON Transfer from 204-AR to 101-AY failed due to frozen jumpers in path. 

1-26-93 WHC-TANKFARM-1993-14 ON Transfer from 204-AR railcar to 101-SY made. Some of flow ended up in 102-AY. 

2-4-93 WHC-TANKFARM-1993-20 ON 242-A circuits dccncrgizcd for modifications, control valve opened allowing raw water flow to 106-A W tank. 

4-21-93 WHC-TANKFARM-1993-40 Oti 102-T core sample casks uncontrolled. 

8-17-93 WHC-TANKFARM-1993-76 ON Personnel backed van into riser in 241-S farm. Ruptured fuel tank under van. 

1-8-94 WHC-TANKFARM-1994-01 ON Transfer not aborted as required when leak detector tripped. 

3-10-94 WHC-TANKFARM-1994-14 ON Missed filter differential pressure readings in 241-A W and AP tank farms . 

4-27-94 WHC-TANKFARM-1994-23 ON Spurious shutdown signal at evaporator caused 2000 gallons of waste to dump back into 102-A W. 

8-5-94 WHC-TANKFARM-1994-40 ON Electrical utilities severed power cable, lost ventilation in AN, AP, AW, and C fanns, and 244-BX and 
244-CR. 



Table B.2. Tank Farm Events, Off-Normal and Critiques. (4 sheets) 

Date Event II Event Type Event Description 

8-8-94 WHC-TANKFARM-1994-42 ON Truck driver drove under steam line near 103-SY tank, striking steam line and knocking off insulating 
material. 

8-19-94 WHC-TANKFARM-1994-45 ON Feeder breaker to 241-AN fann opened, tripping both primary and annulus ventilation fans . Pressurized 
waste tanks . 

10-1-94 WHC-TANKFARM-1994-55 ON 241-AW primary ventilation shutdown, could not be restarted. Loss of confinement in fann. 

10-4-94 WHC-TANKFARM-1994-57 ON 101-AW tank had gas release event. Tank pressure increased, hydrogen concentration increased, and level 
decreased. Tank is on hydrogen watchlist. 

10-26-94 WHC-TANKFARM-1994-59 ON Transfer line SL-503 failed during transfer from 204-AR to 102-A Y. Tripped leak detector in sluice pit on 
tank 102-AY. 

11-2-94 WHC-TANKFARM-1994-62 ON During saltwell pumping of 109-BY a high radiation dose rate existed. Saltwell pump discharge also 
developed a leak. 

12-8-94 WHC-TANKFARM-1994-67 ON Main control power breaker tripped at 241-AN. Primary and annulus exhausters shutdown. 

12-28-94 WHC-TANKFARM-1994-74 ON 106-AW exhaust isolation valve closed to watch position indicator. Pressurization alann tripped. 

2-17-95 WHC-TANKFARM-1995-15 ON Electrical utilities personnel tripped off electrical power to East/West Areas while installing a microwave 
transfer trip. 

5-3-9S WHC-TANKFARM-1995-44 ON 241-A W pressurization alann occurred during camera installation in 106-A W central pump pit. 

5-30-95 WHC-TANKFARM-199S-50 ON Energized electrical wire struck during hand excavation near 102-AZ tank. 

S-15-95 WHC-TANKFARM-1995-56 ON 241-A W lockout installed without proper signature authorization. 

8-7-95 WHC-TANKFARM-1995-67 ON Diesel generator at BX/BY fann fuel leaked into soil. 

10-4-95 WHC-TANKFARM-1995-81 ON Transfer line SN-274 leaked during transfer between AX-B valve pit and 101-AN. Leak at flexible jumper 
connection. 2 gallons leaked. 

10-S-9S WHC-TANKFARM-1995-86 ON Implemented new criticality specifications for transfer systems without changing the Interim Safety Basis. 

10-19-95 WHC-TANKFARM-1995-91 ON Incorrect transfer line filled for pressure test. SN-245 filled rather than SN-246. 

11-2-95 WHC-TANKFARM-1995-97 ON High pressure alann at AW-106 tank. High vacuum alann setpoint outside LCO limit . 

11-21-94 WHC-TANKFARM-199S-109 ON Pressure test of supernate transfer line SN-246 (yard line) failed, indicating loss of integrity. 

12-11-95 WHC-TANKFARM-1995-114 ON 107-AN tank pressure instrument air line froze due to tripped breaker on heat trace line. 

1-8-96 WHC-TANKFARM-1~3 ON Personnel skin contamination due to pumping leak detection pits in 241-AW fann without wearing any 
Personal Protective Equipment. 

k30-96 WJIC-T ANKFARM-1996-012 ON Pressure transmitter for tank 106-A W failed which disabled the alann capabilities. 

2-21-96 WHC-TANKFARM-1996-019 ON Railcar was scheduled to have lOOQ to 1500 gallons pumped !nto it at T-Plant. It was found to have 15,000 
to 18,000 gallons in it instead of the 1000 to 1500 gallons. 

3-7-96 WHC-TANJCF'ARM-1996-023 ON Plugged instrument air line to 101-AY pressure instruments, caused failure of remote monitoring. 



\ 

Table B.2. Tank Fann Erents, Off-Normal and Critiques. (4 sheets) 
Date 

3-18-96 

Event I 

WHC-T ANKFARM-1996-026 

CAM - Continuous air monitor 
DACS-
DCRT - double-containment receiver tank 
HEPA - high-efficiency particular air 

ICF KH - ICF Kaiser Hanford Company 
LCO-
LEL-
LFL-
LOW-

NFPA - National Fire Prevention Association 
ON - Off-normal 

00S - Out of service 
WHC - Westinghouse Hanford Companr 

Event Type Event Description ---'-------------------------------------1 ON Unauthoril.Cd low flying helicopters performing aerial radiological surveys over 241-A, AW, AX, AY, AZ, 
and C farms. 



Table B.3. Occurrence Report Database. (7 sheets) 
Occwrencc Number Discovery Dale Description or Event Event Cause 

72-26 04/20/lm WASTE TRANSFER LINE THAT FLOWS TO 241-A-152 LEAKED INTO ENCASEMENT, WASTE LINE FAILED, ENCASEMENT DRAINS PLUGGED. 
lllEN lllRU COVER BLOCK JOINTS TO GROUND. 

72-54 08/11/lm BROKE 6-INCH SANITARY WATER LINE wmt BACKHOE. PERSONNEL ERROR, FAILURE TO NOTE WATER LINE USING DETAILED DRAWING. 

72.f,7 10/29/lm MISROUTED 3,700 GAll..ONS OF PAS TO TANK 101-AY INSTEAD OF 003-CR. PERSONNEL ERROR/INCORRECT SETilNG FOR TRANSFER ROITTE MADE AT 151-AX 
DIVERTER STATION. 

72-72 11/20/lm LEAK FROM TRANSFER LINE DURING FLUSHING CAUSED SPRAY UP THROUGH GASKET FAILURE IN VALVE PIT. 
VALVE OPERATOR HOLES IN VALVE PIT COVER. 

73-1 01/08/1973 LIVE 13.8 KV LINE DOWN NEAR 244 UR, LINE WAS A.ASHING AND BURNING. WIRE BROKE FROM APPARENT FATIGUE ON WIRE FROM COLD WEATHER AND 
VIBRATION. 

73-45 07/05/1973 BACKHOE RAN OVER AND BROKE A FLANGE ON A BELOW GRADE RISER ON A PIPE FLANGES ON TRANSFER LINES AT T-FARM WERE NOT ADEQUATELY 
TRANSFER LINE AT 241-T TANK FARM . WATERY LIQUID WAS SEEN SEEPING FROM MARKED. 
TI-IE GROUND. 

73-78 11/14/1973 DURING TRANSFER FROM 107-S TO 102-S THE TRANSFER LINE PLUGGED AND APPARENT PLUGGING OF TRANSFER LINE BY CRYSTALLIZED MATERIAL. 
WASTE BACKED UP AND FLOWED OUT THE TANK RISER ONTO THE GROUND. 

74-32 04/18/1974 INSTRUMENT POWER OITTAGE IN 241 -S TANK FARM CAUSED BY PERSONNEL PERSONNEL FAILURE. EMPLOYEE FAILED TO HAND DIG PRIOR TO USING THE 
AUGURING A TEST HOLE TO FIND A PIPING LEAK. AUGER. CABLES WERE NOT IN TI-IE LOCATION INDICATED ON THE TANK FARM 

DRAWING. 

74-37 05/03/1974 DURING A TRANSFER THE LEVEL IN 102-BY DROPPED 10 INCHES, INCREASED 10 LEVEL DECREASE BELIEVED TO BE CAUSED BY STABILIZATION OF THE CRUST 
314 INCHES IN TANK Ill -BX. LEVEL IN Ill -BX EVENTUALLY DROPPED ~14 INCH SURFACE AFTER TRANSFER. 
(CONSIDERED SIGNIFICANT LEVEL DECREASE). 

74-43 05/27/1974 3800 GALLONS OF PUREX ACIDIFIED SLUDGE MISTRANSFERRED FROM 244-AR PERSONNEL FAILURE. DIVERTER SETTINGS INCORRECT. 
VAULT TO 106-A TANK INSTEAD OF TO CR VAULT. 

74-44 05/27/1974 · 150 GALLONS OF NITRIC ACID ADDED TO TANK 002 AT 244-Ml VAULT INSTEAD OF PERSONNEL ERROR. OPENED WRONG VALVE OUT OF CHEMICAL MAKEUP TANK. 
TANK 001. ADDED TO 10,500 GAll..ONS OF SLUDGE SLURRY. 

74-144 11/05/1974 CONTAMINATION SPREAD FROM OPEN PUMP PIT ON TANK 106-A DURING PROCEDURE, NOT SUFFICIENT CONTAINMENT PROVIDED WHILE PUMP PIT OPEN. 
REMOVAL OF A FAILED JUMPER. TI-IE JUMPER WAS DROPPED AND 
CONTAMINATION SPLASHED UP OVER THE PIT WALL. 

74-154 12/1111974 MISROUTING OF WASTE DURING TRANSFER FILLED 241-EW VENT STATION CATCH PERSONNEL ERROR. TFO PLANNER-SCHEDULER ERRED IN NOZZLE CONNECTION 
TANK FROM 18.75 INCHES TO 73.75 INCHES. PROCEDURE INSTRUCTIONS. 

74-159 12/30/1974 UNDERGROUND ELECTRICAL CABLE POWERING 244-AR VAULT COOLING WATER PERSONNEL ERROR. BACKHOE OPERATOR CLEARED TRENCH WITHOUT HAND 
EFFLUENT DIVERSION VALVE BROKEN BY BACKHOE EXCAVATION. DIGGING TAKJNG PLACE. 

75-03 01/06/1975 244-AR VAULT HAD AN ACTIVATION OF EMERGENCY VENTILATION SYSTEM, AND MECHANICAL FAILURE, OVERHEATED ORCUIT BREAKER IN ELECTRICAL SUPPLY 
VESSEL VENT SYSTEM SHUTDOWN. TO AIR COMPRESSOR. 

75-15 02/13/1975 SPILL OF CONTAMINATION TO GROUND DURING OVERGROUND TRANSFER FROM PERSONNEL ERROR, MATERIAL FAILURE. PLASTIC WRAPPED JOINTS ON 
TANK 105-BY. OVERGROUND LINE DID NOT HOLD THE LEAK. 

75-36 04/06/1975 OVERFILLED TANK 002-CR IN 271-CR, TANK LIMIT IS 13,000 GAll..ONS, FILLED PERSONNEL ERROR. OPERATOR PUSHED PUMP BITTTON INSTEAD OF AGITATOR 
WITH 16,947 GALLONS. BITTTON. 

75-42 04/09/1975 TRANSFER OF WASTE WITH pH OF 4.2 FROM 244-AR TO TANK 107-U. pH LIMIT ASSUMED PERSONNEL ERROR. 
SHOULD BE GREATER lllAN 9 . . 

75-78 07/16/1975 JUMPER CONNECTOR FAILURE DURING WASTE TRANSFER FROM 107-TX TO 103-U. MEQIANICAL FAILURE Of ~ JUM!'f:Jl, lll!t£ADS STRIPPED. 
JUMPER LOCATED IN 153-TXR DIVERSION BOX. 



Table B.3. Occurrence Report Database. (7 sheets) 
Occurrence Number Discovery Date De,cripcion of EvCDI EvCDI Cause 

75-82 117 /29/1975 VEHICLE ACCIDENT IN 241-U TANK FARM, STRUCK AN S-INCH WELL CASING rnAT PERSONNEL ERROR. CUT A TURN SHORT, NON-ESSENTIAL TANK FARM TRAFAC 
PROJllUDED UP IS-INCHES. PICKUP TRUCK HAD TO BE LIFTED OFF THE CASING. NEEDS TO BE ELIMINATED. 

75-97 08/22/1975 UNPLANNED WASTE TRANSFER FROM 102-A TANK TO IOI-A TANK. PERSONNEL ERROR. INADVERTENT ENERGIZING OF 102-A PUMP INSTEAD OF 
IOI -A PUMP. 

75-110 10/02/1975 RADIATION ALARM IN 101-AY 'B" LEAK DETECTION PIT AFTER TRANSFER FROM UNKNOWN, TRANSFER PIPELINE MAY HAVE LEAKED. 
152-AX DIVEJlTER STATION CATCH TANK. 

75-111 10103/1975 2200 GALWN WASTE TRANSFER THROUGH OPEN JUMPER NOZZLE FLOWED VIA PERSONNEL ERROR. JUMPER NOT INSTALLED FOR TRANSFER, ROUTE NOT 
PUMP PIT DRAIN INTO INCORltECT TARGET TANK. CHECKED. 

75-115 10/11/1975 SMALL, SLOW, LEAK OCCURRED IN OVERGROUND TRANSFER LINE BETWEEN MECHANICAL FAILURE. LEAK AT CONNECTOR HEAD TO TRANSFER PUMP. 
108-C AND 103-C. 

75-127 11109/1975 MISROUTING OF TRANSFER INTO TANK 102-AY INSTEAD OF 103-A. PERSONNEL ERROR. USED WRONG PROCEDURE FOR SECOND PHASE OF 
TRANSFER. 

75-134 11/21/1975 MISROlJIBD WASTE TRANSFER FROM 104-SX TO 101-SX PIT. PERSONNEL ERROR. OPERATOR CHANGED VALVE SETTINGS .WHILE WALKING 
THROUGH A PROCEDURE. 

75•141 12102/1975 SIGNIACANT MATERIAL BALANCE DISCREPANCY AFTER TRANSFER FROM TANK UNKNOWN, SUSPECT LEVEL GAUGE ANOMALIES A RESULT OF THE CHARACTER 
102-C TO 103-C. OF THE MATERIAL SURFACE IN TANK 102-C. 

75-145 12/19/1975 POSSIBLE TRANSFER PIPING LEAKAGE DURING TRANSFER FROM TANK 103-B TO UNKNOWN, MATERIAL BALANCE PROBLEM WAS NOT RESOLVED. 
110.SX. 

76-04 01109/1976 SIGNIACANT RADIATION READINGS IN AN EXCAVATION SITE WHERE PERSONNEL PERSONNEL ERROR. RISK TO PERSONNEL FROM WASTE TRANSFER NOT 
WERE WORKING DUE TO A WASTE TRANSFER NEARBY. ADEQUATELY CONSIDERED. 

76-15 01/27/1976 CROSS-COUNTRY TRANSFER LINE PLUGGED DURING TRANSFER FROM 107-S TO PLUG DUE TO CUTTING DILUTION WATER DURING TRANSFER. 
109-B AFTER PUMP SHUTDOWN DUE TO POWER LOSS. 

76-24 02/23/1976 STEAM USED INSTEAD OF AIR AFTER TRANSFER LINE FLUSH. PERSONNEL ERROR. FAILURE TO FOLLOW PROCEDURE. 

76-48 04/12/1976 DURING JUMPER INSTALLATION IN 241-A TANK FARM, RADIATION MONITOR PERSONNEL, POLICY CONRJCT OF ASSIGNED AUTHORITY. 
RECOMMENDED WORK HALT DUE TO WIND, OPERATIONS SUPERVISOR DIRECTED 
THAT ONE MORE CONNECTOR HEAD BE INSTALLED TO ANISH THE JOB. 

76-55 04108/1976 TRANSFER TO 244-AR MADE OF MATERIAL WITH HIGH H+ CONCENTRATION. PERSONNEL ERROR. MISINTERPRETATION OF SPECIACATION, FAILURE TO 
FOLLOW PROCEDURE. 

76-61 04/lS/1976 SPILLED 500 GALWNS OF WATER WHEN OVERGROUND LINE FROM 104-TX TO MECHANICAL. HOSE CONNECTION FAILED. 
108-TX PUMP PIT CONNECTION FAILED. 

76-M 04/29/1976 CONTAMINATION RELEASE WHEN A PILOT HOLE WAS DRILLED IN A FLUSHED TRAPPED AIR IN THE HEAT TRACED LINE PUSHED OUT LIQUID WHEN THE HOLE 
OUT TRANSFER PIPE, BEING READIED FOR REROUTING. WAS DRILLED IN THE PIPE. 

76-118 08/31/1976 CROSS-COUNTRY TRANSFER LINE V361 ENCASEMENT SWAB RISERS HAD ACTIVITY POSSIBLE MIGRATION OF PREVIOUS CONTAMINATION. 
INCREASE. 

76-131 09/27/1976 RADIOACTIVE WASTE SPILL DURJNG JUMPER DISCONNECTION IN 1~-U PUMP PIT. MECHANICAL FAILURE . .WASTE TRANSFER ONGOING IN ADJACENT TANK 
PRESSURJZED JUMPER DUE TO PARTIAL FAILURE OF A CLOSED VALVE. 

76-136 I0IOS/1976 RADIOACTIVE LIQUID SPRAYED FROM A CHECK VALVE UNDER REPAIR ONTO PERSONNEL ERROR. PREPARATIONS FOR THE REPAIR WERE INADEQUATE. 
THREE PERSONNEL IN BX TANK FARM. 

76-139 10/07/1976 INCREASED ACTIVITY IN CROS5-COUNTRY TRANSFER LINE V361 SWAB RJSERS. ASSUME CONTAMINATION IS FROM PREVIOUS LEAKS. 

76-143 10/04/1976 APPARENT LEAK DETECTION PIT LEVEL INCREASES FOR TANK 102-AZ. INSTRUMENT AIR VALVED OFF SOME INSTRUMENTS AND FAULTY TRANSMITTER. 
TANK NOT IN SERVICE AT TIME OF ANOMALIES. 



Table 8.3. Occurrence Report Database. (7 sheets) 
Occurrence Number Discovery Daic Descriplim or Everw Event Cause 

77-22 02/03/lm TRANSFER PIPELINE EXPOSED AND STRUCK DURING EXCAVATION NEAR 244-AR PERSONNEL ERJlOR. PIPELINE LOCATION NOT NOTED ON EXCAVATION PERMIT. 
VAULT. 

77-31 02/28/lm 004-AR WEIGHT FACTOR REFERENCE LINE PLUGGED DURING TRANSFER, CAUSING MATERIAL. PLUGGED WEIGHT FACTOR REFERENCE LINE. 
OVERALLING OF TANK AND AUTOMATIC SHUTDOWN OF VESSEL VENT SYSTEM. 

77-64 04/30/lm MISROUTED WASTE TRANSFER INTO TANKS IOI -SY, 103-SY, AND 103-SY LEAK PERSONNEL ERJlOR. TRANSFER MISROUTED. 
DETECTION PIT, DURING TRANSFER FROM 111-U TO 102-SY. 

77-68 05/10/lm OVERALL.ED TANK 103-S DURING TRANSFER FROM 2A2-S EVAPORATOR AND PERSONNEL ERROR. STEAM CONDENSATE WAS INADVERTENTLY VALVE TO 
DIVERSION OF STEAM CONDENSATE. WASTE TANK INSTEAD OF CRIB. 

77-71 05/13/lm LIQUID LEVEL IN TANK 102-SX DECREASED 2.~ INCHES AFTER TRANSFER FROM . ASSUME MIXING SALT CAKE AND DILUTE WASTE IN TRANSFER CAUSED LEVEL 
I03-S. DECREASE. NO CAUSE WAS CERTAIN. 

77-93 06/1111m LIQUID LEVEL IN TANK I03-BX DECREASED .6 INCHES. ASSUME REDISTRIBUTION OF SLUDGE FOLLOWING TRANSfER OF 46 INCHES. 

77-103 12,amm MANY INSTANCES OF RADIATION ACTIVITY IN TANK 103-TX DRY WELLS. ASSUME MANY CAUSES OF INCREASED ACTIVITY: TANK LEAK, TANK OVERALL, 
TRANSFER LINE LEAKAGE, MIGRATION OF SOIL CONTAMINATION, OR 
CONTAMINATION CARRIED BY MATERIAL CHANNELING. 

77-105 06/29/lm TANK 111-U OVERALL.ED DURING A TRANSFER FROM 107-TX AND 102-U. PERSONNEL ERROR. FAILURE TO NOTE LEVEL LIMIT, AND FAILURE TO RESPOND 
TO HIGH LEVEL ALARM. 

77-132 08/03/lm OPERATION OF 002-BXR PUMP IN STRONG ACID SOLUTION. PERSONNEL ERJlOR. AOD WAS TO HAVE BEEN NEUTRALIZED BEFORE PLACING 
PUMP IN SOLUTION. 

77-137 08/08/lm 2200 GALLONS MISROUTED TO TANK 109--TX DURING 102-TY TO 105-TX TRANSFER. VALVE IN 109--TX PIT COULD NOT BE COMPLETELY CLOSED DUE TO 
INTERFERENCE FROM JUMPER. 

77-147 08/24/lm LIQUID LEVEL IN TANK 101-S DECREASED .7 INCHES. LEVEL CHANGE IS APPARENT TRANSIENT PHENOMENA ASSOCIATED WITH 242-S 
EVAPORATOR TRANSFER. 

77-155 09to8/lm EXCEEDED MAXIMUM LEVEL LIMIT IN 002-TXR TANK BY 4.25 INCHES. PERSONNEL ERROR. TANK OVERFILLED WHEN FLUSHING LINE FROM 155-TX 
DIVERSION BOX TO 002-TXR TANK. 

77-158 09/12/lm EXCEEDED MAXIMUM LEVEL LIMIT IN 002-TXR SUMP. FLUSH OF LINE BETWEEN TANKS 103-TX AND 102-SY OCCURRED, THE LINE 
BROKE IN 151-TXR DIVERSION BOX WHICH OVERALLED THE SUMP. 

77-160 0911411m LIQUID LEVEL IN TANK 114-TX EXCEEDED MAXIMUM OPERATING LIMIT. APPARENT CAUSE OF LEVEL INCREASE IS DUE TO WATER ENTERING THE TANK 
FROM PRESSURE TESTING A LINE INTO THE TANK. 

77-163 0911911m LIQUID LEVEL IN TANK 102-BY INCREASED 1.25 INCHES. APPARENT CAUSE OF LEVEL INCREASE IS REDISTRIBUTION OF LIQUID AFTER A 
SALT WELL TRANSFER. 

77-169 0912311m LIQUID LEVEL lN TANK 115-TX DECREASED 2.25 INCHES. ASSUME LEVEL CHANGE IS DUE TO SETTLING OF SLUDGE FOLLOWING SALT 
WELL PUMPING. 

77-171 09129/lm PUREX SUMP WASTE JETTED TO TANK 104-C INSTEAD OF TANK 102-A. PERSONNEL AND PROCEDURE ERRORS. PROCEDURE CHANGES HAD NOT BEEN 
COMPLETED. 

77-177 1011011m LIQUID LEVEL lN TANK 202-B DECREASED I INCH. ASSUME LEVEL DECREASE DUE TO SLUDGE SETTLING FOLLOWING PUMPING OF 
THE TANK. 

77-193 1110511m LIQUID LEVEL IN TANK 105-U DECREASED .55 INCHES. ASSUME DECREASE DUE TO SETTLING OF TANK MATERIAL FOLLOWING 
TRANSFER. 

77-'105 12to611m SPRAY LEAK fllOM 111-S PUMP PIT DURING LEAK CHECK OF SALT WELL PUMP PROCEDURE ERJlOR AND MECHANICAL FAILURE. LEAK CHECK SHOULD BE DONE 
AND JUMPER. WITH COVER BLOCKS INSTALLED, AND FAILED GASKET AT PUMP INLET FLANGE. 

77-210 1212011m LIQUID LEVEL IN TANK 203-T DECREASED 2.5 INCHES. ASSUME LEVEL DECREASE IS DUE TO SETTLING OF THE SLUDGE FOLLOWING 
SALT WELL PUMPING. 

- - - --- - - - - - - -



Table B.3. Occurrence Report Database. (7 sheets) 
Occurrence Nwnbcr DiscoYery Dale Description of Event Event Cause 

78-2 01/02/1978 WASTE MISROUTED FROM 004-AR TO TANK 102-A RATifER TifAN TANK 106-A. PERSONNEL AND PROCEDURE ERRORS. SUPERVISOR SIGNED INCOMPLETE DATA 
SHEET WITHOUT PROPER REVIEW, AND PROCEDURE LACKS ADEQUATE CHECKS 
AND APPROVALS. 

78-6 01/10/1978 BACKFWW OF COITTAMINATION IITTO RAW WATER SYSTEM IN 241-TX TANK PERSONNEL ERROR/PROCEDURE. CHECK VALVE ON R..USH PIPING INSTALLED IN 
FARM. TifE INVERTED POSffiON, MANUAL R..USH VALVE LEFT PARTIALLY OPEN. 

78-13 01/23/1978 UNDETECTED AWNG OF A-40 RETENTION BASIN AT 244-AR VAULT WITH 200,000 MECHANICAL FAILURES. RADIATION ALARM FAILED CAUSING DIVERTER VALVE 
GALLONS. TO DIVERT. VALVE STEM WAS BINDING AND TifE VALVE DID NOT CLOSE 

COMPLETELY, INDICATING LIGITT SHOWED VALVE CLOSED. 

78-14 01/20/1978 COITTAMINATED LIQUID SPRAYED FROM HOLE DRIUEO IN TOP OF TRANSFER PROCEDURE ERROR. NO COITTAINMEITT USED WHEN DRILLING IITTO LINE. 
LINE V453 WHEN PREPARING TO CUT LINE. (SIMILAR TO 76--64) 

78-24 02/23/1978 UNDERGROUND RAW WATER LINE BREAK RELEASED 60,000 GALLONS IN 241-A MECHANICAL FAILURE. RAW WATER LINE M51 RUPTURE. 
TANK FARM AND CAUSED CAVE-IN BElWEEN 102-A AND IOS-A. HOLE READ 
IR/HR DUE TO WATER FLOW THROUGH A BURIED UNUSED DE-EITTRAINER. 

78-44 04/25/1978 RAW WATER LINE LEAK OF 5000 GALLONS BElWEEN 241-S AND 241-SX TANK MECHANICAL FAILURE OF A BELL AND SPIGOT JOIITT IN TifE RAW WATER LINE. 
FARMS. 

78-64 06/21/1978 ROAD GRADER STRUCK TRANSFER LINES HSW-202-M8 AND HSW-203-M8, LINE 202 PERSONNEL ERROR. RESPONSIBLE PARTY WAS NOT FOLLOWING TifE ROAD 
ENCASEMEITT WAS BEITT AND PARTIALLY CRUSHED. GRADING WORK, TRANSFER LINES WERE WELL MARKED AND BERMEO. 

18-16 CJ7/26/l978 MINOR LEAK IN 4-INCH RAW WATER LINE NEAR 241-TX TANK FARM. MECHANICAL FAILURE OF A BELL AND SPIGOT JOIITT IN LINE. 

78-78 CJ7 /2511978 RADIOGRAPHY CREW LEFT TifE JOB SITE IN 241 -TX FARM DUE TO AN PERSONNEL ERROR. PROBLEMS IN SCHEDULING AND MANAGING PERSONNEL. 
UNDERGROUND TRANSFER IN PROGRESS. 

78-80 CJ7 /27 /I 978 PROCESS TRANSFER LINE EXPOSED DURING HAND EXCAVATION, OVER-EXPOSURE PROCEDURE ERROR. PERSONNEL NOT MADE AWARE OF TifE PRESENCE OF THE 
OF PERSONNEL. UNDERGROUND LINE. 

78-83 08/10/1978 MISTRANSFER OF WASTE FROM TANK IOI-A TO TANK 104-BX INSTEAD OF 102-A. PERSONNEL ERROR. VALVING CHANGED IN AA VALVE PIT INSTEAD OF AB 
VALVE PIT DURING nANSFER. 

78-88 08/22/1978 TRANSFER LINE BElWEEN TANK ICJ7-S AND IOS-BX PLUGGED DURING TRANSFER. PLUGGAGE APPEARS TO BE CAUSED BY SOLIDS SETTLED IN LINE WHEN POWER 
WAS LOST TO ICJ7-S nANSFER PUMP. 

78-90 08/26/1978 FRACTURED 6" SANITARY WATER LINE AND 8" RAW WATER LINE NEAR 275-EA APPAREITT CAUSE OF BROKEN PIPES WAS FROM HEAVY WEIGITT OF A CRANE 
BUILDING. AFFECTED WATER SUPPLY TO 244-AR FACILITY. UNLOADING PLATES FROM A RAILROAD CAR FOR USE AT 241-AW TANK FARM. 

78-117 10/30/1978 UNDETECTED FAILURE OF LEAK DETECTORS IN 241-SA AND 241-SB VALVE PITS MECHANICAL PROBLEM. COMMON DRAIN FOR BOTif VALVE PITS BLOCKED. 
DURING CROSS-COUNTRY TRANSFER. 

79-25 02/12/1979 IMPROPER VALVE LINE-UP DURING WASTE TRANSFER OR SUBSEQUEITT R..USHING PERSONNEL ERROR. IMPROPER VALVING IN R..USH PIT OR VALVE PIT. 
COITTAMINATED RAW WATER HOSE BIB IN 241-S R..USH PIT. 

79-26 02/17/1979 MISROUllNG OF TRANSFER FROM TANK 102-S TO TANK 103-SX INSTEAD OF TANK PERSONNEL ERROR. IMPROPER VALVING IN 241-SX-A VALVE PIT. 
106-SX. 

79-61 OS/25/1979 SLURRY LINE SIA 13 LEAKED IN 241-S FARM WHEN BEING READIED FOR A MECHANICAL FAILURE OF 2-INCH CARBON STEEL LINE. 
PRESSURE TEST. 

79-65 06/06/1979 WASTE TANK SURVEILLANCE SIGNALS LOST WHEN LINES CUT BY BACKHOE NEAR PERSONNEL ERROR. PROCEDURE INDICATED HAND DIGGING IN TiflS AREA 
241-8 AND BX TANK FARMS. INSTEAD OF BACKHOE USE. 

79-80 08/17/1979 MISROUllNG OF 13,000 GALLONS OF CROSS-COUNTRY LINE LEAK OlECK WATER PERSONNEL ERROR. FAILURE TO REALIGN VALVE IN 241-SA VALVE PIT. 
TO TANK 103-S. 

79-100 10/10/1979 LIQUID LEVEL IN TANK 102-S EXCEEDED LIMIT. PERSONNEL ERROR. FAILURE TO MAIITTAIN COITTJlOL WHILE 242-S EVAPORATOR 
STEAM TURBINE PRESSURE REGULATING VALVE WAS CYCLED. 



Table B.3. Occurrence Report Database. (7 sheets) 
Occwrencc Number Discovery Dale Descriplion of Event Evc:nt Cause 

79-104 10/21/1979 WASTE TRANSFER FROM TANK 106-SX TO 101-SX MISROUTED TO TANK 102-S. PERSONNEL ERROR. VALVE ALIGNMENT IN 241-SA VALVE PIT FOR ontER 
TRANSFER REROUTED nns TRANSFER. 

79-113 10/10/1979 INADVERTENT FLOW ROUTING TO.INACTIVE CRIB 216-A-24. PERSONNEL ERROR. TWO SETS OF ROUTING VALVES WERE MISALIGNED. 

I0-8 0l/18/19Sl MISROUTED 2000 GALLONS INTO TANK 102-AY FROM TANK 103-A INSTEAD OF PERSONNEL ERROR. MISVALVING TIIE SLURRY DISTRIBITTOR VALVE IN TANK 
INTO TANK 101 -AY. 102-AY 02A VALVE PIT. 

I0-9 01/16/1980 CROSS-COUl'ITRY TRANSFER LINE FROM TANK 107-S TO 105-BX PLUGGED DURING PLUG DUE TO INADEQUATE DILUTION OF WASTE, DILUTION WATER METER 
TRANSFER OF TERMINAL LIQUOR SOLUTION. FAILED. 

I0-25 02/20/1980 UNUSUAL LIQUID LEVEL DECREASE IN TANK 103-SX FOUOWING TRANSFER IN. LEVEL DECREASE CAUSED BY MIXING LARGE AMOUNT OF LOW DENSITY LIQUID 
INTO TANK OF SOLIDS. 

I0-26 02/21/1980 LINE LEAK IN SLURRY LINE SL 126 BETWEEN 241-SD VALVE PIT AND TANK 107-S ASSUME LINE LEAKS DUE TO UNANTICIPATED CORROSION. 
CROSS-SITE PUMP PIT. 

I0-50 05/16/1980 PARTIAL MISTRANSFER OF 4125 GAUONS INTO TANK 101-AY FROM TANK 103-A. MECHANICAL FAILURE. 3-WAY SDV VALVE IN 241-AY-02A VALVE PIT SPLIT FLOW 
TRANSFER WAS TO GO TO TANK 102-AY. BETWEEN TWO TANKS. BALL VALVE ORIENTATION WITHIN VALVE BODY DID 

NOT CORRESPOND TO PAINTED FLOW DIAGRAM ON PROCESS PIT COVER BLOCK 

I0-51 05/31/19Sl 4120 GALLONS MISROUTED TO TANKS 101-AY AND 102-AY FROM 244-A CATCH PERSONNEL ERROR. INSTALLED JUMPER WAS MISALIGNED IN 241 -A-02C PIT. 
TANK. INTENDED RECEIVER TANK WAS 102-A. 

I0-73 07/10/1980 MISROUTED 2200 GALLONS TO TANK 103-TX FROM 118-TX, INTENDED RECEIVER PERSONNEL ERROR. FAILURE TO CLOSE VALVE IN 241 -152-TXR DIVERSION BOX. 
TANK WAS 106-SX. 

80-81 08/26/198) SPRAY LEAK IN 241-AW-OSA CENTRAL PUMP PIT DURING SLURRY TRANSFER TO PERSONNEL AND DESIGN ERROR. WORKER UNABLE TO TIGHTEN CONNECTION 
TANK 105-AW. BETWEEN JUMPER AND DISTRIBITTOR SUFFICIENTLY. 

80-82 09/04/1980 LIQUID LEVEL IN TANK 103-A DECREASED 3.3 INCHES. ASSUME LEVEL DECREASE IS DUE TO MIXING OF DISSIMILAR SOLIDS WITHIN 
TIIE TANK. 

I0-84 09/08/19Sl WORKER EXCEEDED WEEKLY EXPOSURE WHILE WORKING IN A TRENCH IN 241-SY PROCEDURE ERROR. TRANSFER-NOT COMMUNICATED TO CONSTRUCTION 
FARM DURING WASTE TRANSFER. WORKERS. 

I0-87 10/02/1980 S775 GAUONS MISTRANSFERRED INTO TANK 103-AX FROM TANK IOI -AX. PERSONNEL ERROR. VALVE MISPOSmONED IN AX-A VALVE PIT. 
INTENDED RECEIVER TANK WAS 103-AW. 

I0-88 l0/17/1980 9625 GAUONS MISTRANSFERRED TO TANK 102-AY FROM IOI-A. INTENDED PERSONNEL ERROR. CORRECT TRANSFER ROUTE NQT SET UP. 
RECEIVER TANK WAS 102-A. 

I0-90 11/11/1980 SLURRY LINE SL 176 LEAKED DURING TRANSFER FROM 242-S EVAPORATOR TO MECHANICAL FAILURE. ASSUME CORROSION OF CARBON STEEL TRANSFER LINE. 
TANK 103-SY. 

81 -24 03/02/1981 20-40 GALLONS/DAY LEAK IN 4" RAW WATER LINE FEEDING 244-UR PROCESS MECHANICAL FAILURE. RAW WATER LINE-DEVELOPED LEAKS AND CLOSED 
VAULT. DISCHARGE LINE VALVES LEAKED TIIROUGH. 

81-48 07/10/1981 AC BOX NEAR 118-TX VALVE PIT DAMAGED BY CRANE BACKING UP. APPARENT ACCIDENT CAUSED BY ERROR IN JUDGMENT BY FLAGMAN, 
CONGl:STJON IN TANK FARM, AND EXTREMELY ROUGH TERRAIN. 

81 -52 08/17/1981 WASTE TRANSFER FROM 101-AY TO 104-AW MISROUTED TO 102-AY. MECHANICAL FAILURE. MISROUTING CAUSED BY FAILURE OF 3-WAY DISCHARGE 
VALVE IN TK-AY-102-020 TO BE POSmONED AGAINST MECHANICAL STOP. 

81 -55 09/03/1981 CONTAMINATION RELEASE IN 204-S UNLOADING STATION WHILE. HOOKING UP MECHANICAL FAILURE. FAULTY SPRAY RING VALVE ON TOP OF CAR. 
RAILROAD CAR FOR UNLOADING. 

81-61 09/08/1981 RADIOACTIVE FLUSH WATER PUMPED TO TANK 102-SY TIIROUGH TRANSFER LINE PERSONNEL ERROR. COMMUNICATION FAILURE, AND FA!LURE TO FOUOW LOCK 
TIIAT GOES TIIROUGH S-FARM WHERE WORKERS WERE EXCAVATING. AND TAG PROCEDURE. 

82-02 01/05/1982 FAILURE OF PROCESS LINE V~ DURING TX-FARM SALT WELL PUMPING. MECHANICAL FAILURE. LINE FAILURE CONARMED BY PRESSURE TEST. 

--- --- - - ---- ---- - - - - - - - - - - - -
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Occwrcncc Number Discovery Date Description o( Event Eve.- C.WC 

82-12 03/24/1982 LOSS OF EMERGENCY POWEil TO 204--AR UNLOADING STATION AND MECHANICAL FAILURE. APPARENT LOSS OF BACK-UP POWEil DUE TO DIRT IN 
242-A EVAPORATOR. RELAY CONTACTS, FAILURE OF MANUAL/AUTOMATIC SWITCH, AND FAILURE IN 

AUTOMATIC START CONTROL CIRCUIT MODULE. 

82-21 05/15/1982 FAILURE OF PROCESS LINE BETWEEN 241-TX-155 AND 241 -U-151 , V-398. MECHANICAL FAILURE OF INNER PROCESS LINE. 

83-1 01/22/1983 FAILURE OF PUREX 36" CHEMICAL SEWEil LINE DISCOVERED BY CRANE TIRE MECHANICAL FAILURE. BELLS OF VITRIAED CLAY PIPE WEllE BROKEN AND 
CAUSING CAVE-IN IN 241-AP TANK FARM. LEAKING. 

83-07 04/11/1983 WASTE TRANSFER INTO AY TANK WITHOUT VENTILATION ON RECEIVER TANK. PERSONNEL ERROR, FAILURE TO FOLLOW PROCEDURE. OPERATOR OPENED 
NORMAL VENTILATION SYSTEM WAS OUT-OF-SERVICE, PORTABLE EXHAUSTER VALVE ONE QUARTER TURN INSTEAD OF 15 1/2 TURNS. 
STARTED, BUT OPERATOR FAILED TO OPEN THE EXHAUSTER INLET VALVE. 

83-31 11/16/1983 TANKS 102,101,104 AND 106-AW PRESSURIZED WHEN HOT WATER (l23oF) DUMPED RAPID EXPANSION OF TANK VAPORS OVERWHELMED THE EXHAUST AIR FLOW. 
INTO TANK 102-AW FROM 242-A EVAPORATOR. 

83-33 11/06/1983 MULTIPLE PRESSURIZATIONS OF TANK 103-AW WHEN RECEIVING PUREX E-5 PRESSURIZATION DUE TO VAPORIZATION OF THE THERMALLY HOT WASTE AS IT 
WASTE. IS DUMPED INTO A COOLER TANK. 

84-19 03/21/1984 ARE IN FUEL DELIVERY TRUCK IN 200-WEST AREA. PINHOLE LEAK IN POWER STEERING LINE CAUSED FLUID TO SPRAY ONTO THE 
MANIFOLD OF THE TRUCK. FLUID FLASHPOINT IS 375oF, MANIFOLD 
TEMPERATURE WAS 800-900of. 

84-21 03/28/1984 2800 GAllONS OF PUREX WASTE ROlITED TO TANK 102-AZ INSTEAD OF TANK PERSONNEL ERROR. DIVERTER VALVE IN 152-AX DIVERTER STATION NOT 
IOI -AZ. RETURNED TO NORMAL POSmON AFTER TRANSFER TO NEARBY WASTE TANK. 

84-71 11/19/ 1984 TRANSFER LINE BETWEEN 8-PLANT AND 244-A LIFT STATION (SN-233) LEAKED TO MECHANICAL FAILURE OF TRANSFER LINE. 
ENCASEMENT. 

85-34 04/12/1985 UNNEUTRALIZED TANK F-18 (PUREX) TRANSFER RESULTED IN PIPE DAMAGE IN PERSONNEL ERROR.FAILURE TO NEUTRALIZE BATCH PRIOR TO TRANSFER. 
LINE BETWEEN 241-AW-A VALVE PIT AND 241 -101-AW DISTRIBUTOR. 

85-48 05/23/1985 TRANSFER BETWEEN PUREX AND IOI -AZ TANK RESULTED 11:1 EXPOSURE :TO PERSONNEL ERROR. FAILURE TO COMMUNICATE A DELAY IN TRANSFER TIME TO 
PERSONNEL IN EXCAVATION NEAR 241-AY FARM. PERSONNEL IN EXCAVATION. 

87-05 03/30/1987 1-129 EMISSIONS FROM 241-AW FARM PRIMARY EXHAUSTER EXCEEDED OPERATIONAL. PUREX FLUSHED A SILVER REACTOR TO THE AW FARM IN JUNE, 
OPERATIONS ADMINISTRATIVE CONTROL VALUE 1986. 1-129 LEVELS WENT UP TO 4 TIMES THE LIMIT. LEVELS STARTED 

DECREASING IN JULY, BACK TO NORMAL IN DECEMBER. 

WHC-U0.89-030- 05/24/1989 RAJLROAD WASTE TANK CAR SHIPPED FROM 340 FACILITY IN JOO.AREA TO 204--AR PERSONNEL ERROR. FAILURE TO COMMUNICATE THE REQUIREMENTS OF DEPT. 
SAH P-01 FACILITY WITH SMEARABLE CONTAMINATION IN EXCESS OF LIMITS. OF TRANSPORTATION IN SAFETY ANALYSIS REPORT FOR PACKAGING (SARP) AND 

THE HEALTH PHYSICS PROCEDURE. 

WHC-U0.89-059-TF- 11/28/1989 AUTOMATIC TRANSFER OF ELECTRIC POWEil FAILED TO TRANSFER TO DIESEL MECHANICAL. MALFUNCTION OF AUTOMATIC EMERGENCY TRANSFER SWITCH. 
08 GENERATED POWER ON LOSS OF NORMAL POWER TO 242-A EVAPORATOR. 

RL-WHC- 10/14/1990 LOSS OF POWER TO A SECTION OF HANFORD 230 KV LINE. LINE FAULT CAUSED MECHANICAL. CONTAMINATED INSULATOR CAUSED POWER POLE FIRE. 
T ANKFARM-1990-01 POWEil LOSS AT 100.8, 100.KE, 100.KW, AND 100.N. 
45 

Rl,.WHC- 12/12/1990 INADVERTENT SHUTDOWN OF 241-SY PRIMARY EXHAUSTER, OPERATOR OPENED PERSONNEL ERROR. BREAKERS WAS NOT LABELED, OPERATOR DID NOT VERIFY 
TANKFARM-1990-03 INCORRECT CIRCUIT BREAKER. CORRECT ORCUIT BREAKER. 
19 

Rl,.WHC- 04/18/1991 DIESEL FUEL SPILL FROM THE EMERGENCY GENERATOR AT 241-SY TANK FARM. PERSONNEL ERROR. THE FUEL TANK WAS OVERAIJ.ED, WHEN HEATED UP DO 
TANXFARM-1991-10 TO WARM WEATHER, llfE FUEL EXPANDED AND OVERFLOWED. 
08 
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RL-WHC- 10/02/1991 UNPLANNED LIQUID LEVEL INCREASE IN TANK 241-AW-102. LEVEL INCREASED MANAGEMENT PROBLEM, IMPROPER RESOURCE ALLOCATION. 
TANKFARM-1991-10 ONE INCH OVER ONE SHIFT. EYEWASH UNIT WAS LEFT ON, OR LEAKED, AND 
50 DRAINED INTO TANK. 

RL-WHC- 11/16/1991 LOSS OF POWER TO 200 WEST TANK FARMS. LOST VENTILATION TO 241-SY FARM SUSPECT THAT A SMAU. ANIMAL CAUSED THE OUTAGE. 
TANKFARM-1991-10 AND 242-T EVAPORATOR. POWER OFF FOR ONE MINUTE. 
63 

RL-WHC- 03/16/1992 200 EAST/200 WEST POWER OUTAGE, TWO BACKUP POWER SYSTEMS FAILED TO MECHANICAL. 204-AR DIESEL GENERATOR AND 241-SY TANK FARM DIESEL 
TANKFARM-1992-00 START DURING OUTAGE. GENERATOR FAILED TO START WHEN REQUIRED. 
28 

RL-WHC- 06/28/1992 ELECTRICAL STORM DISRUPTS 200 WEST POWER. WEATHER CONDmONS. 
T ANKFARM-1992-00 
51 

RL-WHC- IOIOl/1992 LEAKAGE FROM CONTAINMENT CASK. CONTAINING AN AIR LANCE TAKEN FROM DEFECllVE OR INADEQUATE DESIGN. NEEDED A GASKET IN THE LOCKING 
TANKFARM-1992-00 TANK 241-SY-I0I. SOIL CONTAMINATED. ASSEMBLY. 
74 

RL-WHC- 03/05/1993 WASTE TRANSFER STOPPED DUE TO FAULTY AIR VALVE, LEAIC BY ON BAU MECHANICAL. AIR VALVE FAILURE, BALL VALVE LEAK BY, LEAK DETECTORS 
TANKFARM-1993-00 VALVE ALLOWED 700 GAU.ON TRANSFER TO 102-SY. FAILED TO ALARM. 
28 

RL-WHC- 08/11/1993 LOSS OF POWER TO AP, AW. AND AN TANK FARMS RESULTING IN LOSS OF POWER LOSS DUE TO LARGE BIRD LANDING ON POWER POLE AT GABLE 
TANKFARM-1993-00 PRIMARY EXHAUST FANS IN AP, AW, AN. AND C TANK FARMS. MOUNTAIN. 
72 

RL-WHC- 12/12/1994 SPILL OF ONE GALLON OF WASTE AT C-110 SALTWELL AFTER FLUSH OF C-110 PROCEDURE PROBLEM/MECHANICAL. SALTWELL FLUSH WATER BACKPRESSURE 
TANKFARM-1 994-00 - AND C-107. CAUSED WASTE WATER INTO RAW WATER FEED LINE WHERE IT LEAKED OUT OF 
70 DEFECllVE QUICK DISCONNECTS. 

RL-WHC- 01/16/1996 OSD VIOLATION. 244-TX DCRT HYDROXIDE LEVELS NOT SUFACIEN'f. SHOULD IMPROPER CHEMICAL ADJUSTMENT AFTER WASTE TRANSFER. 
T ANKFARM-1996-00 HA VE HAD 0.1178 MOLES/UTER, ONLY HAD 0.0025 MOLES/LITER. HYDROXIDE 
07 LEVEL NOT ADJUSTED AFTER SALTWELL WASTE AND FLUSH WATER TRANSFER 

FROM SST T-107. 

COB - clean cut box 
DCRT - doublc-inmcd receiver tank 

DNFSB - Dcrcnsc Nuclear Facilities Sarcty Board 
DOE - U.S. Ocpar1mcnt of Energy 
KEH - Kaiser ~n Hanford 
OSD -
OSR - Occupalional sarciy rccplircmciu 

PM - Preventive mainlenance (activities) 

PNL - Pxir.c N~ LaboralOr)' 
SAR - Sarcty analysis report 

USA - -icwcd sarcty (1ICStion 

-- - - - - - -
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APPENDIX C 

PRELIMINARY HAZARDS ANALYSIS TABLES 

This appendix presents the PHA tables developed for this assessment. The PHA forms the 
basis for the identification of accident scenarios and subsequent selection of evaluation-basis accident 
scenarios. The PHA is presented in four tables: Table C.1 presents the PHA for receipt and onsite 
transport of the K Basin sludge shipping container at the AW tank farm; Table C.2 is for the 
connection and transfer operations at tank A W-105; and the PHA for storage activities is presented in 
Table C.3. Note that Table C.3 is divided into four sub-sections: Table C.3a addresses hazards 
associated with the storage tank structures and contents; Table C.3b addresses the AW tank farm 
ventilation system; Table C.3c addresses the central pump pit, sluice pit, and other dome 
penetrations; and Table C.3d addresses piping, the annulus pump pit, and leak detection pit. 

The PHA identifies a number of accident scenarios and provides preliminary estimates of their 
frequencies and consequences. In some cases, such as the natural phenomena and extrinsic hazard 
preliminary evaluation (Chapter 5), frequency and consequence data are presented that form the basis 
for assigning particular scenarios to their respective frequency and consequence categories. For other 
scenarios, engineering judgement and the analyst's experience with similar systems and components 
formed the basis for the qualitative assessment of scenario frequencies and consequences. Each 
scenaro was assigned to a frequency category. shown in Table C.1 and a consequence ·category shown 
in Table C.2. Some rules of thumb were followed in making these judgements, as described below: 

Frequency Assignments 

1. No credit was taken for operation of active mitigation and prevention features, such as 
exhaust fans, pump shut-offs, etc. 

2. Credit was taken for the presence of passive barriers, such as the integrity of the tank liners, 
shipping container containment vessel, ventilation ductwork, etc. 

3. Administrative barriers, such as sludge acceptance criteria, operating procedures, training, 
etc., were assumed to fail. 

Consequence Category Assignments 

1. Scenarios resulting in pressurized releases (explosions, fires, etc.) of K Basin sludge were 
assigned to Category 1 as the energy of the release was judged to be sufficient to reach offsite 
receptors. 

2. Scenarios resulting in non-pressurized releases of K Basin sludge were assigned to Category 
2, as were, in general, vapor and liquid releases. 

3. Occupational exposures above limits were assigned to category 3. Direct exposures to 
excessive radiation levels were judged to be insignificant outside the tank farm. 

K Basin Sludge Safety Assessment C.1 May 30, 1997 
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Table C.1. Frequency Categories Used in PHA 

. . . 

Accidmt Frequency• 
. : 

·: ,(· ... Frequency·Categ~Descriptioo· ... Nominal Frequencylwlft ) · 
. Category .· (events per- year) · 

F3 or Anticipated (A) An off normal condition that individually may be > 1 E--02 
expected to occur once or more during facility 
operation. 

F2 or Unlikely (U) Individually, the condition is not expected to occur 1 E-04 to 1 E--02 
during facility operation, but collectively events in this 
category may occur several times. 

Fl or Extremely Unlikely Extremely low-probability conditions that are not 1 E--06 to 1 E-04 
(EU) expected during facility operation but that present 

extreme or limiting cases of faults identified as 
possible. This category includes design basis 
accidents. 

FO or Beyond Extremely Accidents for which no credible scenario can be < 1 E-06 
Unlikely (<EU) identified. 

Table C.2. Consequence Categories Used in the PHA 

;.;-.:::. ··• Consequence · 
Category ~ption of Comequences -~ -the Public,. <>mite ~-~~.Ea~)•····•····· 

Category S3 Based on material at risk and cause(s) postulated, there is sufficient material and release energy to 
impact a receptor at the Site boundary. 

Category S2 Based on material at risk and cause(s) postulated, there is sufficient material and energy to impact 
a receptor at 100 m from the source of the material at risk. 

Category Sl Based on material at risk and cause(s) postulated, the release is confined to the facility where it 
occurred. 

Category SO Based on material at risk and cause(s) postulated, there is insufficient material released to affect 
facility workers. 

4. Industrial accidents or scenarios that do not involve exposures to radioactive or hazardous 
chemical materials. 

K Basin Sludge Safety Assessment C.2 May 30, 1997 



tµZARD 

Acceleration/ 
Deceleration 

Contamination 

Table C.1. PHA for Receipt and Onsite Transport at AW Tank Fann 
(See Section 2.2 for definitions) 

CONSE- PREVENTION/MITIGATION 
fHENOMENA CAUSES CAUSE QUENCES 

FREQ. 
occ. SEV. ENGINEERING ADMINISTRATIVE 

Sludge Al. Truck collision F3 y S3 Container tiedown, Vehicle spotter, 
container container structural container tiedown 
dislodged and A2. Severe driving error F3 y S3 integrity, crash procedure, driver 
breached barriers, marked qualification, speed 

A3. Liquid sloshing F3 y S3 roadway limit 

Other object(s) A4. Truck collision F2 y so Crash barriers, 
dislodged 

A5. Driving error F3 y so 
marked roadway 

Exposure from A6. Externally F3 N Sl None Health physics 
sludge container contaminated container inspections at K Basin 
contents received and tank farm 

A 7. Tank farm chemicals Fl N Sl Container material Tank farm chemical 
corrode container storage requirements, 

routine inspection, 
expeditious scheduling 
of sludge transfer 

Exposure from AS. Tank farm surface F3 N Sl None 
tank farm contamination 
contents 

SCENARIO 
FRE-

QUENCY 

Fl 

Fl 

Fl 

F2 

F2 

Fl 

Fl 

F2 



HAZARD 

Chemical 
Reaction (sec 
Explosion and 
Fire) 

Corrosion 

Electrical 

Explosion 

P~OMENA 

Hazardous 
vapor release 

Sludge-wall 
internal reaction 

Electrical short/ 
sparks 

Highly 
energetic 
release internal 
or external to 
the sludge 
container, 
possibly 
generating 
missiles 

CAUSE 
CAUSES FREQ. 

A9. Tanlc farm chemicals F2 

AlO. Improperly F2 
conditioned sludge loaded 
at K Basin 

A 11. Slightly corrosive F2 
mixture left standing too 
long (enhancing 
corrosion) 

Al2. Power supply lines, F3 
outlets (external to sludge 
container) 

Al3. Transportation F3 
system mixer pump 

Al4. Air compressor on F3 
trailer 

Al5 . l&C F3 

Al6. Fuel or lube oil F2 

Al7 . Welding gases F2 

CONSE-
PREVENTION/MITIGATION SCENARIO QUENCES 

FRE-

occ. SEV. ENGINEERING ADMINISTRATIVE QUENCY 

y Sl Liquid Chemical storage Fl 
containment/ requirements, • good 
confinement housekeeping" , also 

sec A.7 

N S2 Container material Container inspection, Fl 
neutralization 
procedures, sludge 
sampling, expeditious 
scheduling of sludge 
transfer 

N S2 Container material See A.10, flushing Fl 
following transfer 

y so Equipment design Electrical work Fl 
permits, routine 
maintenance/ 

N so 
inspection 

F2 

y so F2 

y so F2 

y so Container material, Routine maintenance/ Fl 
pressurized gas inspection, 
storage, tank welding prohibition 

y so structural integrity during 
loading/unloading 

Fl 

operations 



CONSE- PREVENTION/MITIGATION SCENARIO 
HAZARD PHENOMENA CAUSES CAUSE QUENCES FRE-FREQ. 

QUENCY occ. SEV. ENGINEERING ADMINISTRATIVE 

A18. Hydrogen or other F2 y S3 Transportation Sludge characteriza- Fl 
flammable gas within or System l&C, tion analysis, pre-
released from sludge ventilation, mixer transport sludge 
container pump, tank sampling 

structural integrity 

Fire Exothermic A19. Truck-related: fuel, F3 y so Container fire Combustible control, Fl 
release internal lube oil, engine, hot resistance routine maintenance/ 
or external to brakes inspection 
the sludge 
container, A20. Welding gases F2 y so Fl 
possibly long Pressurized gas Welding prohibition 
duration storage during unloading 

operations 

A21. Hydrogen or other F2 y S3 Transport system Sludge characteriza- Fl 
flammable gas within or l&C, flammable tion analysis, pre-
released from sludge gas control , transport sludge 
container container scaled sampling, container 

during grounding 
transportation 

A22. Pyrophoric U metal F3 y S3 Transport system Expeditious Fl 
in sludge container l&C, moisture, scheduling of sludge 

sludge mostly transfer 
oxidized 

Heat and High Uniform or A23. Solar exposure: F3 N S2 Container thermal ~xpcditious Fl 
Temperature differential overpressure, seal resistance, scheduling of sludge 

heating of distortion wall thickness, transfer 
sludge container 
from external A24. Exposure to Fl N S2 

container strength 
Welding prohibition Fl 

source welding equipment or during unloading 
materials operations 

A25 . Lead slump in Fl N S2 Fl 
shielding from heat 
exposure 



CONSE-
PREVENTION/MITIGATION SCENARIO 

HAZARD PHENO~A CAUSES 
CAUSE QUENCES 

FRE-FREQ. 
occ. SEV. ENGINEERING ADMINISTRATIVE QUENCY 

Low Prolonged· A26. Expansion of water F2 N SI Container strength, Expeditious Fl 
Temperature exposure to as it freezes internal heat scheduling of sludge 

cold (either generation in transfer 
during transport sludge container, 
to tank farm or mixer, freeze 
upon receipt) protection/heat 

trace, insulation 

A27. Embrittlement of F3 y SI Material selection F2 
gaskets 

A28. Material brittle Fl y S3 Fl 
fracture ( container wall , 
penetrations) 

Temperature Non-uniform A29. Thermal stress for F3 N . SI Material selection, Expeditious Fl 
Change heating and diurnal temperature container strength scheduling of sludge 

cooling of change: seal transfer 
sludge container deformation, structural 
either spatially fatigue 
or temporally 

A30. Differential thermal F2 N SI Fl 
expansion of materials 

Impact and Rapid transfer A31. Tank auxiliary F2 N S3 Barriers, marked Vehicle spotter, Fl 
Shock of kinetic struck by truck: pump roadway driver qualification 

energy possibly pit, diversion box, riser, 
beyond design vent equipment 
limit 

A32. Sludge container Fl N S3 Container strength No outdoor exposure Fl 
struck by missile: wind- during severe winds 
driven/explosion-driven 

A33. Radiation-embrittled Fl N S3 Transportation Routine maintenance/ Fl 
sludge container struck System l&C, inspection 

material selection 



CONSE- PREVENTION/MITIGATION SCENARIO 
HAZARD PHENOMENA CAUSES 

CAUSE QUENCES FRE-FREQ. 
QUENCY occ. SEV. ENGINEERING ADMINISTRATIVE 

A34. Mishandled truck F2 y S3 Crash barriers, Vehicle spotter, FO 
drives atop tank dome marked roadway, driver qualification 

tank strength 

Leakage/ Spills Non-energetic A35. Improper sealing: F2 N S2 Container double Container loading F2 
(Gas, Vapor, release of over/under-torque, failure containment, leak procedures, routine 
Liquid) sludge container to install detection/ maintenance/ 

contents collection system inspection 

A36. Valve failure, F2 N S2 Transportation F2 
failure to close System l&C 

A37 . Vapor leak through F2 N S2 F2 
improperly installed 
HEP As/seals 

High Pressure Overpressure A38. Sludge container F3 y S3 Container strength, Expeditious F2 
inside a overpressure: chemical double scheduling of sludge 
container, reaction, sloshing, hot containment, mixer· transfer 
causing a leak spot, gas generation pump 

A39. Air compressor (on F3 y so Automatic Routine maintenance/ F2 
trailer) overpressure compressor shutoff inspection 

Ionizing External or A40. Surface F3 N Sl Transportation Health physics F2 
Radiation internal contamination: sludge System l&C inspection at K pasin 

exposure to container or tank farm and tank farm 
excessive dose 

A4l. Excessive surface F2 N SI Transportation F2 
dose rate System l&C, 

shielding 

A42. Inhalation of F2 N S2 HEP A filters, tank F2 
released radioactive ventilation 
vapors, gases 

A43. Criticality in Fl y Sl Low fissile Crit. Safety fO 
shipping container concentration, evaluation required; 

availability of controls not yet 
poisons specified 



CONSE-
PREVENTION/MITIGATION SCENARIO CAUSE QUENCES 

HAZARD PHENOMENA CAUSES FREQ. FRE-

occ. SEV. ENGINEERING ADMINISTRATIVE QUENCY 

Structural Sludge A44. Defective sludge F2 N S3 Material selection, Routine maintenance/ Fl 
Damage or container container fails container structural inspection, 
Failure (see damage from integrity, double manufacturer QA, 
Leakage/Spills) inherent defects containment · acceptance tests, pre-

or induced A45. Trailer/ tiedown F2 y S3 transpon inspection, Fl 
forces failure drops sludge K Basin loading 

container to ground, procedures 
breaking open 

Toxicity External or A46. Exposure to sludge F3 N SI Container walls, Routine maintenance/ F2 
internal waste seals inspection, worker 
exposure to access to respirators, 
excessive levels A47. Exposure to F3 N SI Equipment seals, safety training F2 
of hazardous chemicals in pump or pipe-in-pipe 
chemicals compressor 

Vibration Repeated rapid A48. Sludge container F3 N S2 Container seal Routine maintenance/ F2 
movement from seal, valve, or tiedown design, container inspection, pre-
external sources loosening during tic-downs transpon inspection 

transpon (road vibration) 

A49. Volatization of Fl N S2 Transponation Speed limit, driver Fl 
sludge: road transpon, System l&C, qualification 
tank farm activities HEPA filters, 

container sealed 
during 
transponation 

Weather and External forces ASO. Truck accident due F2 y S3 Container tiedown, Transpon limits Fl 
Environment of nature to inclement weather structural integrity during severe 

sufficient to weather, driver 
breach sludge qualification 
container 

AS i. Eanhquake F2 y S3 Tank farm location None FO 
in low seismicity 
area 



CONSE-
PREVENTION/MqlGATION SCENARIO 

HAZARD PHENO!I.IENA CAUSES 
CAUSE QUENCES FRE-FREQ. QUENCY occ. SEV. ENGINEERING ADMINISTRATIVE 

A52. Flood (including Fl y S3 Tank fann FO 
dam burst), heavy rain, elevation, surface 
hail drainage 

A53 . High wind F2 y S3 Container tiedown, F2 

A54 . Snowfall or ashfall F2 y S3 
structural integrity 

FO 
(heavy loading) 

A55 . Brush fire F2 y S3 Tank fann location Tank fann operating Fl 
away from procedures, fire 
combustible brush , services 
container thennal 
resistance 

A56. Aircraft impact F2 y S3 None Ban on aircraft FO 
flyovers 



tt,UARD PflENOMENA 

Acceleration/ Sludge transfer 
Deceleration containment/ 

confinement 
barrier 
breached 

Other object(s) 
dislodged 

Contamination Exposure from 
sludge container 
contents 

Equipment 
failure, possibly 
generating 
missiles 

Table C.2 PHA for Connection and Transfer 
(See Section 2.2 for definitions) 

CONSE- PREVENTIQN/MITIGATION CAUSE QUENCES CAUSES 
FREQ. 

occ. SEV. ENGINEERING ADMINISTRATIVE 

B 1. Trailer slip F2 y S3 Wheel blocks, Tank farm unloading 
(including human error) transfer line operating procedures 
during hookup or flexibility, leak 
pumping, breaking detection/ 
connection, rupturing collection system 
valve or line 

B2. Fluid splash (sludge F3 N SI Control of pumping 
or supernate) in tank flow rate 

B3. Sludge distributor F2 N St Distributor design Distributor 
component drops into inspection/repair, 
tank waste Tank Fann operation 

procedures 

See "Receipt and Onsite Transport" PHA 

See "Receipt and Onsite Transport" PHA 

B4. Residual material in F3 y SI Transfer line Health physics 
valves or lines henning, double inspections at K Basin 

insulation, flow and tank farm, post-
velocity prevents transfer line and 
settling container flush, limit 

on solids content 

See "Receipt and Onsite Transport" PHA 

B5 . Sand in pump or air F2 y SI Pump and Routine maintenance/ 
compressor lubricating oil compressor air inspection 

filters, automatic 
shutoffs 

SCENARIO 
FREQUENCY 

Fl 

F2 

Fl 

F2 

Fl 



CONSE- PREVENTION/MITIGATION 
HAZARD PHENOMENA CAUSES 

CAUSE QUENCES SCENARIO 
FREQ. FREQUENCY 

occ. SEV. ENGINEERING ADMINISTRATIVE 

Exposure from Sec "Receipt and Onsitc Transport" PHA 
tank fann 
contents 

Chemical Reaction Hazardous B6. Residuals in lines, F2 y SI Transfer line Post-transfer line and Fl 
(see Explosion and vapor release valves, etc . ,react to encased container flush, waste 
Fire) produce heat and pressure compatibility analysis, 

K Basin pre-transport 
B7. Air/oxygen passes F2 · y S2 Container internal inspection, routine Fl 
through HEP A vents or positive pressure maintenance/ 
opened valve, contacting inspection, tank 
sludge labeling, sludge 

BS. Chemical F2 y S3 Tank structural 
transfer unloading 

Fl station, transfer 
incompatibility between integrity, duration 
sludge and tank contents, ventilation system 
increasing tank 
temperature and pressure 

B9. Mistransfcr to wrong Fl y S3 None OGT is dedicated Fl 
tank line 

Sec "Receipt and Onsite Transport" PHA 

Corrosion Loss of BIO. External F2 N S2 Container material Routine maintenance/ Fl 
connection/ components corroded inspection, container 
transfer electrical grounding 
component Bl 1. Galvanic corrosion Fl N S2 Fl 
integrity between dissimilar metals 

(transfer line to truck, 
transfer line 10 unloading 
station) 

Sludge-wall Sec "Receipt and Onsite Transport" PHA 
internal reaction 



CONSE-
PREVENTION/MITIGATION 

HAZ~ PHENOMENA CAUSES 
CAUSE QUENCES SCENARIO 
FREQ. FREQUENCY 

occ. SEV. ENGINEERING ADMINISTRATIVE 

Electrical Electrical B12. Loss of lighting F3 N S2 Secondary power Tank fann operating . F2 
short/sparks leads to improper source procedures, routine 

connection maintenance/ 

813. Electrical fault in F3 y S2 
inspection 

F2 
electric-driven pump, 
l&C 

See "Receipt and Onsite Transpon• PHA 

Explosion Highly 814. Chemical F2 y S3 Tank structural Waste compatibility Fl 
energetic incompatibility between integrity, analysis, pre-transpon 
release internal sludge and tank contents ventilation system sludge sampling 
or external to 
the sludge 815. Mistransfer to Fl y S3 Sludge transfer Tank labeling Fl 

container, wrong tank, see 89 unloading station 

possibly 
generating See "Receipt and Onsite Transpon• PHA 
missiles 

Fire Exothennic 816. Pyrophoric material F3 y S3 Container and tank Expeditious Fl 
release internal in container or tank · l&C, moisture, scheduling of sludge 
or external to sludge mostly transfer 
the sludge oxidized 
container or 
tank, possibly 817. Spark source ignites F2 y S3 Tank l&C, Tank fann operating Fl 

long duration flammable gas generated ventilation system, procedures 
in tank flammable gas 

controls 

818. lnadvenent F2 y S3 Tank fann l&C Fl 
connection made with 
common header between 
nearby flammable gas 
tank AW-101 and AW-
105, see B9 

819. Mistransfer to fl y S3 Sludge transfer Tank labeling Fl 
wrong tank, see 89 unloading station 



CONS& PREVENTION/MITIGATION 
HAZARD PHENOMENA CAUSES CAUSE QUENCES SCENARIO 

FREQ. FREQUENCY 
occ. SEV. ENGINEERING ADMINISTRATIVE 

Sec "Receipt and Onsite Transport" PHA 

Heat and Uniform or B20. Solar exposure: F3 N S2 Material thermal Expeditious Fl 
Temperature differential embrinles transfers lines, resistance · scheduling of sludge 

heating of overheats sludge transfer 
sludge container container 
or connecting/ 
transfer Sec "Receipt and Onsite Transport" PHA 

equipment from 
external source 

Low Temperature Prolonged B21. Freezing plugs F3 y S2 Material selection, No outdoor exposure F2 
exposure to lines, valves, etc. automatic pump during cold snap, no 
cold shutoff interruption during 

transfer 

B22. Relatively cold F3 N SI None Expeditious F2 
sludge strikes wanner scheduling of sludge 
tank waste, increasing transfer 
vaporization 

Temperature Non-uniform B23. Differential thermal F2 N SI Material thermal Expeditious Fl 
Change heating and expansion as sludge resistance, scheduling of sludge 

cooling of strikes tank surfaces container and tank transfer 
sludge container material strength, 
or tank either large in tank heat 
spatially or sink 
temporally 

See "Receipt and Onsite Transport" PHA 

Impact and Shock Rapid transfer B24. Trailer struck by F2 y S2 Transfer line Vehicle spotter, F2 
of kinetic moving vehicle, breaking flexibility, driver qualification 
energy possibly connection automatic pump 
beyond design shutoff, leak 
limit detection/ 

collection system, 
barricades 

1 1 



CONSE-
PREVENTION/MITIGATION 

HAZARD PHENO~A CAUSES 
CAUSE QUENCES SCENARIO 
FREQ. fREQUENCY 

occ. SEV. ENGINEERING ADMINISTRATIVE 

B25. Fatigue failure of F2 N S2 Material design and Routine maintenance/ Fl 
transfer lines, coMections strength inspection 

B26. Foreign object in F2 N SI K Basin loading Routine maintenance/ Fl 
sludge strikes tank wall system picks up inspection, tank farm 
or internal equipment only small waste acceptance 

particles, slurry specifications 
distributor, tank 
secondary liner, 
automatic pump 
shutoff 

See "Receipt and Onsite Transport" PHA 

Leakage/Spills Non-energetic B27. Transfer line F2 y S2 Transfer line Routine maintenance/ F2 
(Gas, Vapor Liquid) release of rupture double containment inspection 

sludge container 
See "Receipt and Onsite Transport" PHA or tank contents 

Power Source Loss of B28. Instrument failure F3 N SI Secondary power Tank farm operating F2 
Failure essential (loss of pneumatic or source procedures, routine 

equipment leads electrical power) : sludge maintenance/ 
to operator container or tank level inspection, provision 
error or loss of indicator, pump to cease pumping 
process control tlowmeter, etc. 

B29. Loss of tank farm F3 y SI F2 
lighting 

B30. Loss of sludge F3 N SI Secondary power F2 
mixer in container source, gravity 

drain 

831. Failure of sludge F2 N SI None Fl 
distribution system in 
tank 



CONSE- PREVENTION/MITIGATION 
HAZARD PHENOMENA CAUSES 

CAUSE QUENCES SCENARIO 
FREQ. FREQUENCY 

occ. SEV. ENGINEERING ADMINISTRATIVE 

High Pressure Overpressure B32. Pressure buildup F2 y S2 Automatic pump Provision to cease F2 
inside a from nonnal pumping shutoff, leak pumping, post-
container, detection/ transfer line and 
causing a leak B33. Pump dead-heads F2 y SI collection system, container flush F2 

against closed/plugged structural integrity 
valve, transfer line 

B34. Chemical F2 y S2 Pressure sensors, Waste compatibility Fl 
incompatibility of sludge ventilation system, analysis 
and tank contents double containment 
pressurizes tank 

B35 . Steam flash when F2 N S2 Tank ventilation Fl 
sludge contacts tank system, structural 
contents integrity 

B36. Gas or air pockets F3 N SI Tank ventilation Fl 
in sludge or tank waste system, structural 
released integrity, 

distribution system, 
sludge mixer pump 

See "Receipt and Onsite Transport" PHA 

Low Pressure Under-pressure B37. Rapid overcooling Fl y S2 Tank structural Tank farm operating Fl 
inside a of tank vapor integrity, procedures 
container, ventilation system 
causing an 
implosion or 
vapor inleakage 

Ionizing Radiation External or B38. Exposure to leakage F2 N S2 Bcrmed transfer Pre-transport sludge F2 
internal through connectors, line sampling, worker 
exposure to ruptured lines, valves, distance during 
excessive dose failed HEPAs transfer 

B39. Fuel "fleas" in F3 N S2 Bcrmed transfer Worker distance f2 
transfer line line during transfer 

Sec "Receipt and Onsite Transport" PHA 



CONSE-
PREVENTJON/MITIGA TION 

HAZ~ PHENOMENA CAUSF.S 
CAUSE QUENCES SCENARIO 
FREQ. FREQUENCY 

occ. SEV. ENGINEERING ADMINISTRATIVE 

Structural Damage See "Receipt and Onsite Transport" PHA 
or Failure (see 
Leakage/Spills) 

Toxicity See "Receipt and Onsite Transport" PHA 

Vibration See "Receipt and Onsite Transport" PHA 

Weather and External forces 840. Breach in F2 y S2 Transfer line Operator stay-time F2 
Environment of nature connection or transfer shielding, auto- limited by procedures 

sufficient to line matic pump shutoff 
breach sludge 
transfer See "Receipt and Onsite Transport" PHA and Chapter 6, "Natural Phenomena and Extrinsic Hazards" 
containment/ 
confinement 
barrier 



HAZARD 

Chemical Reaction 

Corrosion 

Electrical and Power 
Source Failure 

Explosion 

Table C.3a. PHA for Storage Operations - Tank Structure And Contents 

PHENOMENA 

Breach of tanlc 
integrity, 
exothermic energy 
release 

Breach of tanlc 
integrity, internal 
ie<Iuipment failure 

Loss of power to 
essential 
equipment, loss of 
control 

Breach of tanlc 
integrity (i.e., tanlc 
linear, tank dome, 
etc.) highly 
energetic release 

CAUSES CAUSE 
FREQ. 

C.t Exothermic reactions F3 
involving incompatible waste, 
pyrophoric reaction 

K: .2 Paraffinic, organic F2 
materials in sludge 

K: .3 Mistransfer (wrong Fl 
receiver tanlc) 

K: .4 Tanlc corrosion Fl 
~ccelerated by sludge 

K: .5 Equipment (i.e. sludge Fl 
~istributor, piping, HY AC, 
~tc .) corrosion accelerated by 
sludge 

Loss ofHVAC (see "HVAC systemw PHA) 

K: .6 Loss of instrumentation, F2 
lcontrols, alarms 

C.7 Loss of sludge F2 
distributor 

C.8 Electrical fault in F2 
electric-driven equipment 

C.9 Exothermic reactions Fl 
involving pyrophoric 
materials in sludge 

CONSEQ. PREVENTION/MITIGATION 

occu. SEV. ENGINEERING ADMINISTRATIVE 

y S3 Double-barrier ~aste compatability program, 
maximum discharge pressure into 
ttanlc 

y S3 Double-barrier 

y S3 Marked roadway; 
tanlc indicator; off 
loading station 

N S2 Double-barrier; 
lealc detection 

N S2 

N St Electrical design; !Routine inspection and maintenance 
~mergency diesel 
generator; double-

N St ~arrier 

N St 

y S3 Double-barrier; tanlc 
ventilation system 

SCEN. 
FRE. 

Fl 

Fl 

Fl 

Fl 

Fl 

F2 

F2 

F2 

FO 



CONSEQ. PREVENTION/MITIGATION 
HAZARD PHENO~NA CAUSES CAUSE SCEN. 

FREQ. occu. SEV. ENGINEERING ADMINISTRATIVE FRE. 

C.10 Exothennic reactions F2 y S3 Fl 
involving incompatible 
between sludge and tank 
contents 

C.11 Exothennic reactions Fl y S3 FO 
involving hydrogen/flammable 
gas exhausted from tank 

Fire Breach of tank C.12 Sparks from electrical F2 y S3 Electrical bonding; Waste compatability program. Fl 
integrity, instrument in tank ignite use of spark 
exothennic release flammable vapors resistant equipment; 

double-barrier; 
ventilation system; 
fire fighting 
equipment 

C. 13 Exothennic reaction F2 y S3 Use of compatible Fl 
involving organic material materials; double-
contained in tank waste barrier; ventilation 
material system; fire fighting 

IC .14 Exothennic reaction F2 y S3 
. .,uipment 

Fl 
involving ammonium nitrate 
~ntained in tank waste 
material 

IC .15 Exothermic reaction F2 y S3 Fl 
involving other nitrates 
contained in tank waste 
material 

C.16 Exothennic reaction Sec Cll 
involving flammable gases 
fonned by tank waste material 
that accumulate in the tanlc 
headspacc 



CONSEQ. PREVENTION/MITIGATION 
HAZAIW Pf{ENOMEN~ CAUSES CAUSE SCEN. 

FREQ. occu. SEV. ENGINEERING ADMINISTRATIVE FRE. 

C.17 Vehicle operations F2 y S3 Fire fighting pPerations standing order requiring Fl 
within or near the tank create equipment ~ spotter for vehicles 
fire which propagates to tank 

C .18 Fuel storage near the Fl y S3 Fire fighting WHC-SD-WM-HSP--002, Tank Fl 
tank farm (e.g., propane, oil equipment Farm Health and Safety Plan 
drums, gasoline) creates fire 
which propagates to tank 

C.19 HVAC fire propagates F2 y S3 Fire fighting FO 
to tank equipment 

C.20 Riser, pump pit, or Fl y S3 Minimal Combustible loading FO 
other penetration equipment combustible 
fire which propagate to tank loading, fire 

fighting equipment 

Heat and !Tank burp or C.21 Equipment movement Fl N S2 Ventilation Safety/design evaluation FO 
Temperature bump in tank creates heat system; double-

barrier 
C.22 Temperature increase F2 N S2 Waste compatibility control FO 
due to incompatible sludge 

C.23 Hot spots in sludge Fl N S2 Sludge distributor Pre-transport sludge sampling; FO 
sludge characterization analysis 

Temperature Change Tank buckling C.24 Tank thermal cycling Fl N S2 Ventilation system FO 
caused by repeated transfers 

Leakage (Gas, Release of tank K; .25 Tank damage causes Fl y S2 Secondary-barrier; Leak detection control ; thermal FO 
Vapor, Liquid) ~ontents leakage to soil leak detection; stress analysis 

ldrywells around 
!tank monitored on 
1PCriodic basis 

IHVAC failure leads to release of airborne (see "HVAC system" PHA) 

Riser, Pump pit, or other penetration equipment open leads to release of airt>ol'JlC (see •~ser, furrip fif, F.quipm~nt" PJIA) 



CONSEQ. PREVENTION/MITIGATION 
HAZAIQ) PHENO~NA CAUSES CAUSE SCEN. 

FREQ. occu. SEV. ENGINEERING ADMINISTRATIVE FRE. 

!Moisture - High Increase tank t.26 Increasing water Fl N Sl !Ventilation system ~aste compatiblity program; K FO 
Humidity pressure, cause ... ontent of tank affects ~asin sludge sampling 

equipment failure vaporization rate, tank 
pressure. 

HV AC failure (sec "HV AC system" PHA) 

Pressure - High rfank C.27 Transfer pump F2 y S2 Dome pressure ~aste compatiblity program; K FO 
~ressurization, discharges pressure into tank monitor; double- !Basin sludge sampling and maximum 
integrity impact ,_rrier !discharge pressure into tank 

C.28 Chemical reaction leads F2 y S2 FO 
to tank overpressure 

Pressure - Low Under-pressure C.29 HVAC inlets to tank F2 y S2 Dome pressure Routine inspection and maintenance Fl 
inside the tank plug, exhaust fans continue monitor; air 
leads to dome running pressure monitor; 
failures HVAC system 

Radiation - Ionizing Internal or external C.30 Sludge in tank. F2 y SI Soil ALARA program Fl 
exposure to barrier/shielding, 
.. xccssive dose _overblocks 

C.31 Exhaust in HVAC F2 y SI - Fl 
system 

Structural Breach of tank Ventilation system failure (sec "HV AC system" PHA) 
Damage/Failure integrity (tank 

wall, tank dome, C.32 Tank internal Fl y S2 Double-barrier IOSR for maximum waste level. FO 

or tank liner ~ydrostatic load 

~ge) 
K:.33 Tank internal buckling Fl y S2 IOSRs for maximum , waste level and FO 
!due to dynamic stress ventilation system control. 

C.34 Tank wall penetration FO y S2 FO 
by installed equipment after 
structural failure of mounting 

C.35 Tank wall failure F2 y S2 FO 
through internally generated 
missiles 



CONSEQ. PREVENTION/MITIGATION 
HAZARD PHENOMENA CAUSES CAUSE SCEN. 

FREQ. occu. SEV. ENGINEERING ADMINISTRATIVE FRE. 

C.36 External pressure from Fl y S2 FO 
ground creep and movement 
(e.g., truck, crane, other 
equipment) 

C .37 Tank dome overburden FO y S2 Dome loading surveys by TFSE. FO 

C .38 External dropped Fl y S2 Tank fann heavy loading restrictions FO 
equipment 

!Toxicity External or C .39 Toxic materials in F3 N SI Double-barrier; Tank fann Health and Safety Plan F3 
internal exposure sludge, vapors (e .g. ventilation system 
to excessive levels ammonia) 
of hazardous 
chemicals 

Vibration and Noise Repeated rapid C.40 Tank wall failure Fl N S2 Double-barrier ~outine inspection and maintenance Fl 
movement from through equipment vibration 
external sources 

C.41 Nearby workers F2 N S2 Fl 
operating heavy equipment, 
machinery 

Criticality Breach of tank C .42 Chemical reactions Fl y S2 Tank is subcritical WHC-IP-0842. Administrative FO 
resulting from tank (e.g., Precipitation, and over moderated ~ontrol of fissile material inventory ; 
pressurization, extraction, or dissolution of WHC-SD-WM-SARR-001, Braun 
thennal shock to materials within the tank) 1994; WHC-SD-CSQ-20363, Rogers 
the tank wall or 1994, criticality safety program 
tank dome, (controls not yet detennined) 
physical stress to C .43 Evaporation or Fl y S2 FO 
the tank wall or ~ondensation of materials 

tank dome . within the tank, sludge 
Personnel exposure distribution in unfavorable 
to high dose rates geometry, incorrect K Basin 

sludge analysis. 



CONSEQ. PREVENTION/MITIGATION 
HAZARD Pllt:NO~NA CAUSES CAUSE SCEN. 

FREQ. occu. SEV. ENGINEERING ADMINISTRATIVE FRE. 

Overfill Tanlc contents C.'44 Tanlc overfill FO y S3 Tanlc level lOSR for maximum waste level; FO 
release instrumentation and mass balance control 

control, pit leak 
detection 

-------



HAZARD PHENO~NA 

Chemical Breach of 
Reaction ventilation system 

integrity 

Corrosion Breach of system 
integrity; 
equipment failure 

Electrical and Loss of power to 
Power Source ~quipment; loss of 
Failure "Ontrol 
(Contribute to 
other scenarios) 

Explosion Breach of system 
integrity 

Table C.3b. PHA For Storage Operations - Ventilation System 
(See Section 2.2 for Definitions) 

CONSEQ. PREVENTION/MITIGATION 
CAUSES CAUSE 

FREQ. occu. SEV. ENGINEERING ADMINISTRATIVE 

D.l Pressurization due to F3 y S3 Tank dome pressure Waste compatibility program 
exothermic reaction, monitor; HY AC 
pyrophoric reaction control system 

D.2 Ventilation system F2 N S2 Redundant/backup 
corrosion accelerated by vapo1 heater and filter; 
produced by sludge material 

specification, 
condensate return 
line 

D.3 Loss of heater See "Moister-High Humidity" hazard 

D.4 Loss of moisture See "Moister-High Humidity" hazard 
separator 

D.5 Loss of exhaust fan See "High Pressure" hazard 

D.6 Loss of instrumentation F2 N SI ~mergency diesel 
and control due to power generator 
source failure 

D.7 Exothermic reaction Fl y S2 Air pressure Administrative/programmatic 
involving nitrated organic monitor; Air flow ~ontrols for exothermic 
materials that form in monitor; redundant reactions 
ventilation system or are system 
accumulated in ventilation 
system components 

D.8 Exothermic reaction Fl y S2 ~ir pressure Administrative/programmatic 
involving ammonium nitrate monitor; Air flow ~ontrols for exothermic 
or other inorganic nitrates that monitor; redundant reactions 
lccumulate in the ventilation system 
filters 

SCENA. 
FREQ. 

FO 

F2 

F2 

Fl 

Fl 



CONSEQ. PREVENTION/MITIGATION 
HAZARD PHENOMENA C4USES CAUSE SCENA. 

FREQ. occu. SEV. ENGINEERING ADMINISTRATIVE FREQ. 

D.9 Pressurized gas bottles F2 y S2 Container integrity WHC-SD-WM-HSP-002, Tank Fl 
~se or storage within or near Farm Health and Safety r1an 
~e tank farm 

Fire Exothermic release D.10 Exothermic reaction F2 y S2 HY AC operability Fl 
internal or external involving flammable vapor 
o ventilation (hydrogen, NPH fog, etc.) 

system, possibly ~at accumulated in the 
long duration ventilation system 

D.11 Accumulation of FO y S2 HY AC operability WHC-IP-0842, Waste Tanks F0 
!Combustible material within ~dministration 
~e ventilation system (e .g., 
rags, paper, solvents) due to 
tpoor housekeeping 

D.12 Exothermic reaction FO y S2 HY AC operability WHC-IP-0842, Waste Tanks FO 
involving pyrophoric uranium ~dministration 

D.13 Vehicle operations F2 y S2 Fire fighting Operations standing order Fl 
within or near the tank farm equipment requiring a spotter for vehicle. 
create fire which propagates 
•o HY AC system 

D.14 Fuel storage accidents F2 y S2 Removed from tank WHC-SD-WM-HSP-002, Tank Fl 
near the tank farm create fire farm Farm Health and Safety Plan 
which propagates to HY AC 
system 

[) .15 Non-intrinsically safe F2 y S2 Electrical bonding IWHC-IP-0842, Waste Tanks Fl 
~lectrical equipment including ~dministration; WHC-SD-
~lower motors, electrical IWM-HSP-002, Tank Farm 
tpower distribution equipment, !Health and Safety Plan; 
~lectrical instrumentation !herbicide program in farm; 
icreate fire which propagates tc 
IHV AC system 

~ravel cover 



CONSEQ. PREVENTION/MITIGATION 
HAZARD PHENOMENA CAUSES CAUSE SCENA. 

FREQ. occu. SEV. ENGINEERING ADMINISTRATIVE FREQ. 

[D.16 Use of sparking tools 01 Fl y S2 Use of spark IWHC-SD-WM-HSP-002, Tank Fl 
!equipment during resistant equipment Farm Health and Safety Plan 
1maintenance/construction 
rreates fire which propagates 
~o HV AC system 

D.17 Tank fire or explosion See other PHA for Tank Structures and Contents 
that propagates to the HV AC 
system 

Heat and Uniform or D.18 Solar exposure Fl N S2 Radiation protection Fl 
Temperature klifferential heating (overpressure, seal distortion) alarm; temperature 

K>f ventilation monitoring; 
system from overburden; 
!external source material selection 

Low Temperature Prolonged exposure D.19 Freezing and Fl N S2 Overburden; Fl 
to cold subsequent thawing of material selection 

ventilation system component 
that contain liquids 

Temperature Non-uniform D.20 Thermal stress for Fl N Sl Overburden; Fl 
Change lheating and cooling diurnal temperature change material selection 

of ventilation (seal deformation, structural 
system fatigue) 

Leakage Release of D.21 Internal flooding of Fl y S2 Redundant system; Routine inspection and Fl 
contaminated vapor ventilation system due to drain line, maintenance 

moisture separator failure or 
K)ver flow 

D.22 HEPA filter loading F3 y S2 Radiation monitor !Active ventilation systems; OSD F2 
leads to off gas in stack; pressure for pressure drop across HEPA 

monitor filters 



CONSEQ. PREVENTION/MITIGATION 
HAZARD PHENOMENA CAUSES CAUSE SCENA. 

FREQ. occu. SEV. ENGINEERING ADMINISTRATIVE FREQ. 

D.23 Excessive off-gas F3 y SI Air monitor; OSD for air inlet temperature to F2 
system moisture carryover heater; moisture HEPA filter, filter efficiency, 

separator; drain and temperature change across 
lines; pressure air heater 
difference 

D.24 Excessive off-gas F3 y SI Temperature OSD for air inlet temperature to F2 
~emperatures monitor HEPA filter, filter efficiency, 

and temperature change across 
air heater 

D.25 Off-gas system F3 y S2 Redundant or OSD for air inlet temperature to F2 
incompatible chemical backup filter; HEPA filter, filter efficiency, 
~arryover resulting in HEPA material selection and temperature change across 
filter degradation (loss of air heater, waste compatibility 
filtration efficiency) program 

D.26 HEPA filter rupture F3 y S2 Redundant or OSD for air inlet temperature to F2 
backup filter; HEPA filter, filter efficiency, 
radiation monitor; and temperature change across 
pressure difference air heater 

D.27 Structural damage (e.g. F2 y S2 Radiation monitor; Routine inspection and Fl 
pipe, valve, etc.) pressure monitor maintenance 

Moisture - High Reduction of HEPA D.28 Extended duration from F2 y SI Redundant HV AC Filter efficiency, and Fl 
humidity filter efficiency fan failure increases train temperature change across air 

evaporation heater, vent system OSR 

D.29 Heater failure leads to F2 y SI Redundant HV AC Drain tines Fl 
wet HEP A filters train; moister 

separator; heater 
function indicator; 
~rain line 

ID.30 ~oisture separator F2 y SI Redundant HV AC Vent syste~ OS~ Fl 
~ailure ~rain 



CONSEQ. PREVENTION/MITIGATION 
HAZARD PHENOMENA CAUSES CAUSE SCENA. 

FREQ. occu. SEV. ENGINEERING ADMINISTRATIVE FREQ. 

Pressure - High Pressure exceeds D.31 External pressure from F2 y SI Redundant system, !Routine inspection and Fl 
HVAC system ground creep and movement material selection maintenance; OSD for pressure 
~onta inment hange 
!boundary stress D.32 Pipe plugged F2 y S2 Redundant system; Fl 

limit pressure change 
monitor 

D.33 Dampers fail closed F2 y S2 Fl 

D.34 Loss of exhaust fan F2 y S2 Fl 

D.35 Moisture separator F2 y S2 Redundant system; Routine inspection and Fl 
failure exhaust fan monitor maintenance; OSD for pressure 

K;hange across moisture 
separator 

Pressure - Low Excessive vacuum D.36 Loss of intake or F2 N SI Pressure, air v\ctive ventilation systems; Fl 
~a uses HY AC filter reduction in intake (excessive monitor; tank PSD for pressure drop across 
failure . vacuum) vapor, pressure, HEPA filters . 

function indicator; 
redundant HY AC 
system 

D.37 Valve failure F2 N SI Function indicator; OSD for pressure drop and/or Fl 
redundant HY AC hange 
system 

Radiation - lnternal or external D.38 Handling of F3 y SI Overburden Radiation protection program Fl 
Ionizing exposure to ktecontamination and spill provides shielding HSRCM-1; WHC-CM-2-24 

excessive dose ~lean up waste materials Hazardous Material Packaging 
Kincluding waste personal and Shipping; Operating 
tprotective equipment) procedure 

D.39 Handling of waste F3 y SI Designed for · WHC-CM-2-24 Hazardous Fl 
materials generated during contact maintenance Material Packaging and 
ventilation system testing, Shipping; Operating procedure; 
maintenance, surveillance, and Radiation protection program 
sampling (Including waste HS~CM-1 
oersonal protective equipment) 



CONSEQ. PREVENTION/MITIGATION 
HAZARD Pfft:NOMENA CAUSES CAUSE SCENA. 

FREQ. occu. SEV. ENGINEERING ADMINISTRATIVE FREQ. 

D.40 Filter, HEPA failure F2 y SI Redundant filter, OSD for pressure change; Fl 
during operation radiation monitor radiation monitor 

Structural Breacl'! of D.41 Ventilation system Fl y S2 Minimal active Routine inspection and Fl 
Damage/ ventilation system integrity failure resulting from components ~aintenance 
Failure integrity (vapor internally generated missiles 

releases) 
PSD on negative air pressure D.42 Ventilation system Fl y SI Design specification Fl 

overburden (duct damage) ~alance; air monitor pressure 
~alance 

D.43 External dropped F2 y S2 Overburden rrank farm heavy loading Fl 
equipment restrictions 

D.44 Raw water or fire main Fl y S2 Surface draining Control of raw water addition to Fl 
flooding resulting in system; vent system ~nk farm ; routine tank farm 
subsidence of ventilation on pad. tsurveillance 
~ystem component support 
structures 

D.45 Vehicular collision with F2 y S2 Marked roadway Operations standing order Fl 
!above grade ventilation requiring a spotter for vehicles. 
system/component 

D.46 System/component F3 y S2 Redundant system Routine inspection and F2 
structure damage (heater, maintenance; Installation 
moisture separator, fan, etc.) orocedures 

Toxicity !External or internal D.47 Hazardous chemicals, F3 y SI Exhaust fans rrank Farm Health and Safety Fl 
~xposure to vapors Plan 
~xcessive levels of 
!hazardous vapors D.48 Exhaust of operating F2 y SI Design lfank Farm Health and Safety Fl 

heavy equipment nearby specifications; Plan; vehicle maintenance 
exhaust filters 

D.49 locompatible chemicals F2 y SI lfank Farm Health and Safety F2 
during chemical additions Plan; waste compatibility 
generate toxic vapors tprogram . 



CONSEQ. PREVENTION/MITIGATION 
HAZARD PHENOMENA CAUSES CAUSE SCENA. 

FREQ. occu. SEV. ENGINEERING ADMINISTRATIVE FREQ. 

Vibration and Repeated rapid D.SO Fatigue failure of Fl y S2 Redundant system; Routine inspection and Fl 
Noise movement from ventilation equipment resulting design specificatiom maintenance 

internal or external from excessive vibration, etc. 
sources 

D.Sl System failure through Fl y S2 Design Routine inspection and Fl 
transfer equipment vibration specification; maintenance 

transfer equipment 
isolated from 
HV AC equipment 

Impact and Shock Structural impact D.S2 Vehicular collision with See "Structural Damage or Failure" hazards 
above grade ventilation 
system/component 



HAZARD 

Corrosion 

Explosion 

Fire 

Table C.3c. PHA For Tank Storage Operations - Risers, Central Pump Pit, Sluice Pit, 
And Other Dome Penetrations or Equipment 

(See Section 2.2 for definitions) 

CONSEQ. PREVENTION/MITIGATION 
PHENOMENA CAUSES CAUSE 

FREQ. occu. SEV. ENGINEERING ADMINISTRATIVE 

Breach through the E. l Riser failure from vapor Fl N SI Tank design; material K Basin sludge property and 
risers, pits, and other space corrosion selection material property controls 
penetrations 

E.2 Risers to dome Fl N SI Leak detection in 
icorrosion accelerated by pump pit; tank design; 
sludge pit coverbloclcs; 

material selection 
E.3 Blanked risers; seals Fl N SI 
corrosion accelerated by 
sludge 

E.4 Equipments corrosion Fl N SI 
accelerated by sludge 

~reach of structure E.5 Hydrogen gas exhausted Fl y · S2 Ventilation system Waste compatibility program 
integrity from tank 

Breach of structure E.6 Spark sources from Fl y S2 Electrical bonding; Tank farm safety practices 
integrity, exothermic electrical instrument or pump use of spark resistant 
release motor ignite flammable vapor equipment; ventilation 

system 

E.7 Pyrophoric or organic Fl y S2 Ventilation system Exothermic reaction control 
materials 

E.8 Vicinity welding creates Fl y S2 Non-combustible Welding procedures; 
fire and ignites flammable materials herbicide; gravel 
gas/vapors overburden; combustible 

materials control program 

E.9 External fire ignites Fl y S2 Riser, pit, other Aammable gas control, 
flammable gas pene1ration Of routine maintenance and 

equipment isolation inspection, . herbicide, gravel 
overburden 

SCENA. 
FREQ. 

Fl 

Fl 

Fl 

Fl 

FO 

FO 

FO 

FO 

FO 



CONSEQ. PREVENTION/MITIGATION 
HAZARD PHENOMENA CAUSES CAUSE SCENA. 

FREQ. occu. SEV. ENGINEERING ADMINISTRATIVE FREQ. 

Leakage (vapor) Release of hazardous E. IO Riser gasket Fl y SI Radiation monitoring; WHC-IP-0842, Waste tanks Fl 
airborne or gaseous klegradation tank vapor head space administration, Health 
material maintains negative Physics Technician survey 

E.11 Riser or pump pit F3 y SI pressure; Ventilation procedures and· radiation F3 
K>pening for equipment system. work permit for opening 
installation or removal 

E.12 Riser left open due to F3 y SI F2 
human error 

E.13 Infillration through Fl N SI Fl 
pump pit drain lines 

E.14 Infiltration through F2 N SI F2 
leak detection pit drains 

E.15 Infiltration through F3 y SI F3 
instrument opening 

E.16 Infiltration through the F3 N SI F3 
icentral pump pit to annulus 
pump pit cross-connection 
line 

Leakage (liquid) Release of liquid E.17 Sludge leakage to pit F2 y Sl Leak detection; Tank farm operating Fl 
draining system procedures 

E.18 Cover block left open F3 y S2 Cover block operating F2 
procedures 

Pressure - High Integrity impact E.19 Riser failure from tank Fl y S2 Ventilation system !Air balance control FO 
pressurization (vapor or 
liquid) 

E.20 Pit failure from tank Fl y S2 Fl 
pressurization 



CONSEQ. PREVENTION/MITIGATION 
HAZARD PHENOMENA CAUSES CAUSE SCENA. 

FREQ. occu. SEV. ENGINEERING ADMINISTRATIVE FREQ. 

Radiation - Internal or external E.2t Vapors in riser, pump F2 y St Radiation monitor; Radiation control FO 
Ionizing ~xposure to excessive pit or other penetrations vent system 

~ose 

Structural ~reach of structure E.22 Vehicle collision with F2 y St Marked roadway, venl Operations standing order F2 
Damage/ integrity riser system requiring a spotter for 
Failure vehicles. 

E.23 External dropped F2 y SI Design specifications; Tank farm heavy loading Fl 
equipment or objects tank and pits vent restrictions 

system 

E.24 Riser failure from Fl y SI Dome loading surveys by FO 
dome/riser overburden TFSE in accordance with 

WHC-SD-WM-MA-012, 
Waste Tank Dome Loading 
Survey Program, review 
WHC-IP-0842 

E.25 Loss of integrity F2 y St Design specifications; WHC-IP-0842, Waste tanks FO 
through pit openings tank and pits vent administration, Health 

system Physics Technician survey 
procedures and radiation 
work permit for opening 

Vibration and Repeated rapid E.26 Riser failure from F2 N SI Tank design; vent Fl 
Noise movement from equipment vibration or torque system; material 

external sources selection 



HAZARD 

Corrosion 

Electrical 

Explosion 

Fire 

Tale C.3d. PUA for Storage Operations - Piping, Annulus Pump Pit, And Leak Detection Pit 
(See Section 2.2 for definitions) 

CONSEQ. PREVENTION/MITIGA TJON 
PHENOMENA CAUSES CAUSE 

FREQ. occu. SEV. ENGINEERING ADMINISTlti\TIVE 

Breach of F. l Equipment/piping within Fl N SI Leak detection 1K Basin sludge property and 
structure integrity; pit corrosion accelerated by material property controls 
loss of sludge 
instrumentation 
~nd control F.2 Piping corrosion Fl N SI Piping isolation; 

accelerated by sludge cathodic protection; 
~esign; material 
selection 

Electrical F.3 Loss of leak detection pit Conditional failure, contributes io other hazards 
short/sparks motor 

F .4 Loss of annulus pump pit Conditional failure, contributes to other hazards 
motor 

F.5 Loss of instrumentation Conditional failure, contributes to other hazards 
and control 

F.6 Electrical fault in Conditional failure , contributes to other hazards 
electric-driven equipment 

Breach of F.7 Concentration of Fl y S2 Leak detection; Waste compatibility program; 
structure integrity pyrophoric , hydrogen, or Ventilation system sampling; characterization 

flammable gas within pit 

F.8 Concentration of Fl y S2 Line flush 
pyrophoric , hydrogen, or 
flammable gas within a pipe 

Breach of F.9 Pyrophoric material in pit Fl y S2 Tank level monitor; tf ank farm safety practices 
structure integrity , leak detection 
exothermic release 

F.10 Accumulated pyrophoric Fl y S2 Line flush; leak 
material in pipe . detector 

SCENA. 
FREQ. 

FO 

FO 

R) 

R) 

R) 

R) 



CONSEQ. PREVENTION/MITIGATION 
lfAZARD PHENOMENA CAUSES CAUSE SCENA. 

FREQ. occu. SEV. ENGINEERING ADMINISTRATIVE FREQ. 

F.11 Spark sources ignite Fl y S2 Ventilation system; Tank farm safety practices FO 
hydrogen gas concentrated in leak detection 
pit 

F.12 . Inadvertent connection Fl y S3 Tank level M'aste compatibility program; FO 
made with other flammable (Receiving tank) routine material balance 
gas tanks 

Leakage (Gas, Release of gas F.13 Pipe rupture F2 y S2 Primary Routine maintenance and Fl 
Vapor, Liquid) ~nd/or liquid !Containment; inspection 

encased lines 

F.14 Pit rupture F2 y SI Lined pits Fl 

Radiation - Ionizing Internal or F.15 Exposure to leakage Fl y SI Primary WHC-SD-WM-HSP-002, Tank Fl 
~xternal exposure through pipe or pit !Containment, Farm Health and Safety Plan; 
to excessive dose encased piping Rad Protection Program 

F.16 Fuel fleas F3 y SI F2 

Structural Breach of F.17 Transfer piping F2 y SI Primary Routine maintenance and Fl 
damage/Failure structure integrity overburden icontainment; inspection 

Design specification 
F.18 Pit or equipment F2 y SI for stress due to Fl 
overburden overburden 

F.19 External dropped F2 y SI Primary ~rane operation training Fl 
equipment or objects containment; 

annular tank; tank 
F.20 External pressure from F2 y SI structural design; Routine maintenance and Fl 
ground creep and movement encased piping; inspection 

F.21 Vehicular collision with F2 y coverblocks 
K)perations standing order SI Fl 

above grade transfer system requiring a spotter for vehicles; 
icomponent ~river qualification 

F.22 Vehicular collision with F2 y SI Fl 
pit structure or component 



CONSEQ. PREVENfION/MITIGA TION 
HAZARD PHENOMENA CAUSES CAUSE SCENA. 

FREQ. occu. SEV. ENGINEERING ADMINISTRATIVE FREQ. 

Vibration and Noise Repeated rapid F.23 Pipes and pit failure Fl N Sl Primary !Routine maintenance and Fl 
movement from through transfer _vibration containment inspection 
external sources 
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ONSITE RECEPTOR 

Unit Release 
Onsite Receptor 
All Frequencies 

Onsite 
Onsite 

~ 
Steady state 
Puff 

Fraction of Risk Guideline, Steady-state release 

Anticipated Unlikely 
Corrosives, Irritants 

Ammonia (NH3) 2.61E-Ol l.31E-02 

Barium (Ba metal) 8.54E-Ol 4 .21E-02 
Chromium (Cr+ 3 metal) 7.52E+OO 3.S0E-01 
Sodium hydroxide (NaOH) 7 .62E+0l 3.81E+OO 
TOC 4.57E-03 9 .14E-04 

Sum of Fractions 8.48E+0l 4.25E+OO 

Allowable release l .2E-02 2.4E-Ol 
Units Liters per second 

Toxics 

Berylium (Be metal) 4.54E+0l l .09E+0l 
Cadmium (Cd metal) 3.94E+OO 7.88E-Ol 
Copper (Cu metal) 3.23E+OO l .94E+OO 
Selenium (Se metal) l .93E+0l 9 .64E+OO 
Thallium (TI metal) 2.60E+0l 3.90E+OO 
Uranium (U metal) 4 .37E+03 4.37E+02 
Polychlorinated Biphenyls 2.03E-02 l.22E-02 

Sum of Fractions 4 .42E+03 4.S2E+02 

Allowable release 2.3E-04 2.2E-03 
Units Liters per second 

Duration 
> 3.5 s 
< 3.5 s 

X/0 
3.41E-02 s/013 
9.85E-03 per m3 

Fraction of Risk Guideline, Puff release 

EU Anticipated Unlikely 

5 .22E-03 7 .54E-02 3.77E-03 

l .69E-02 2.47E-Ol l.22E-02 
l .52E-Ol 2.17E+OO l.l0E-01 
l .52E+OO 2.20E+0l l.l0E+OO 
2.74E-04 l.32E-03 2.64E-04 

l.70E+OO 2.45E+0l l .23E+OO 

5.9E-Ol 4. lE-02 8.2E-Ol 
Liters 

2.72E+OO l.3IE+0I 3 .15E+OO 
7.88E-02 l.14E+OO 2.28E-01 
3 .87E-01 9 .32E-Ol 5 .S9E-Ol 
l.93E+OO S.S7E+OO 2 .78E+OO 
3.90E-Ol 7 .52E+OO l.13E+OO 
2.18E+02 l.26E+03 l.26E+02 
6 . lOE-03 5.87E-03 3.S2E-03 

2.21E+02 l.28E+03 l.31E+02 

4.SE-03 7.SE-04 7 .7E-03 
Liters 

EU 

l.SlE-03 

4.88E-03 
4.38E-02 
4.40E-Ol 
7.92E-05 

4.90E-Ol 

2 .0E+OO 

7.87E-Ol 
2.28E-02 
l.12E-Ol 
S.S7E-Ol 
l.13E-Ol 
6.31E+0l 
l.76E-03 

6.39E+0l 

l.6E-02 



OFFSITE RECEPTOR 

Unit Release llm: Duration X/0 
Offsite receptor Offsite Steady state > 420 s 2.83E-05 s/m3 
All Frequencies Offsite Puff < 420 s l.14E-07 per m3 

Fraction or Risk Guideline, Steady-state release fraction or Risk Guideline, Puff release 

Anticipated Unlikely EU Anticipated Unlikely EU 

· Corrosives, Irritants 

Ammonia (NH3) 2 .17E-04 2.17E-04 l .0SE-05 8.73E-07 8 .73E-07 4 .36E-08 
Barium (Ba metal) 9 .64E-03 7 .09E-04 3.49E-OS 3.88E-OS 2.86E-06 l.41E-07 

· Chromium (Cr+ 3 metal) 3.2SE-02 6 .24E-03 3. ISE-04 l.31E-04 2.S2E-OS l .27E-06 
SodiuJll hydroxide (NaOH) 6.32E-02 6 .32E-02 3.16E-03 2.SSE-04 2 .SSE-04 l .27E-OS 
TOC 4 .SSE-06 3.79E-06 7 .SSE-07 l.83E-08 l .S3E-08 3 .06E-09 

Sum of Fractions l.06E-Ol 7 .04E-02 3.S2E-03 4.2SE-04 2.84E-04 l .42E-OS 

Allowable release 9.SE+OO l.4E+Ol 2.8E+02 2.4E+03 3.SE+03 7.0E+04 
Units Liters per second Liters 

'foxlcs 

Berylium (Be metal) l.13E-Ol 3 .77E-02 9 .04E-03 4.SSE-04 l .S2E-04 3 .64E-OS 
Cadmium (Cd metal) l.31E-Ol 3.27E-03 6 .S4E-04 5.27E-04 l .32E-OS 2 .63E-06 
Copper (Cu metal) 8 .04E-03 2.68E-03 l.61E-03 3.24E-05 l .0SE-05 6 .47E-06 
Selenium (Sc metal) 1.60E-02 l.60E-02 8 .00E-03 6 .45E-05 6 .45E-05 3 .22E-OS 
Thallium (11 metal) 6 .48E-02 2.16E-02 3 .24E-03 2.61E-04 8 .70E-05 l.31E-OS 
Uranium (U metal) l.81E+0l 3.62E+OO 3.62E-Ol 7 .30E-02 l.46E-02 l .46E-03 
Polychlorinated Biphenyls 5.06E-05 l.69E-OS l.0IE-05 2.04E-07 6 .79E-08 4.0SE-08 

Sum of Fractions l.82E+0l 3.67E+OO 3.7SE-Ol 7 .34E-02 l .48E-02 l.SIE-03 

Allowable release S.SE-02 2.7E-Ol 2 .7E+OO l.4E+0l 6 .8E+0l 6 .6E+02 
Units Liters per second Liters 

- - -- - - ----- -
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APPENDIXE 

HVAC SYSTEM FAULT TREE ANALYSIS 

This appendix provides and documents the results of an assessment of the reliability of the 
active ventilation system installed at tank A W-105. Fault tree analysis was used to estimate the 
reliability of the HV AC system. 

Figures E.1 and E.2 illustrate the 241-A W HV AC system. These drawings were derived 
from infonnaiton in Section 3.3 and formed the basis for estimating the probability of failure of the 
HV AC system. 

The level of detail included in the fault tree was limited by the availability of detailed 
up-to-date system design and operating information. The system models were developed using the 
following sources of information: 

1. Existing Westinghouse Hanford Company safety studies, 
2. System schematics and operating procedures provided by WHC, 
3. Verbal information .from WHC cognizant engineers and technicians, 

· 4. Published sources of data for component reliabilities, and 
5. Engineering judgment. 

Figure E.3, sheets 1 to 4, shows the fault tree developed to model the 241-AW ventilation 
system. Failure of the ventilation system to maintain the tank pressure below established limits is 
modeled as an AND gate, named "VEN", with inputs from: 1) monitor/control systems failure and 2) 
ventilation system failure. Failure of the monitor/control systems (modeled as an OR gate, named 
VEN7) may result from equipment failure, alarm systems failure, loss of power or operator fails to 
respond. 

Ventilation system failure is modeled as an OR gate, named "VENl" with inputs from air 
inlet system failure and exhauster system failure. Failure of the air inlet system (modeled as an OR . 
gate, named "VENl 1 ") may result from filters failure/plugged, valves failure/plugged, vacuum 
breaker failure, air flow controller failure, and/or human errors. Failure of the exhauster system is 
modeled as an OR gate "VEN12" with 2 inputs, moisture separator paths failure and exhauster path 
failure. As mentioned in the system description section, there are 2 moisture separator paths in 
parallel, one named "Kl-1-1" and the other named "Kl-1-2". Hence failure of the moisture separator 
paths is modeled as an AND gate, named "VEN22". Failure of these paths may result from valves 
failure, moisture separator failure, exhauster failure and/or unavailable due to maintenance. There 
are 2 trains of the exhauter, Kl-1 and Kl-2, designed to perform in parallel. Exhauter subsystem 
failure is modeled as an AND gate, named "VEN23" with input from Kl-1 and Kl-2 subsystems 
failure. These systems may be failed by valves failure, heater failure, HEPA filters failure, and/or 
fan failure. · 

K Basin Sludge Safety Assessment E.1 May 30, 1997 



Rev. B 

The fault tree and system quantification were modeled and performed using SAPHIRE 5.50. 
Table E.1 provides the basic event failure rates, probabilities, and the basis/rationale behind these 
values. 

The fault tree cut set quantifcation report, developed by SAPPHIRE, is presented in Table 
E.2. The table shows the minimal cut sets generated by SAPPHIRE, that were generated from the 
HV AC system fault tree. Based on the basic event values shown in Table E.1., the ventilation system 
unavailability was calculated to be 9.28E-02. As shown, over 50% of the failure probability is due to 
a 2-element cut set involving loss of AC power to the HV AC system and failure to recover/restore 
AC power. The next-highest cut set, contributing over 10% of the total HV AC system unavailability, 
was a 3-element cut set involving failure of both exhaust fans and failure of an alarm to alert 
operators to the fan failures. 

Birnbaum importance ranking was performed (see Table E.3) to identify the most important 
conponents of the HV AC system in terms of their contribution to system failure. Based on the 
results, failure to recover power was concluded to be the most important contributor to system 
failure. Isolation butterfly valve inadvertent closure and HEPA filters 205A and 205B failure were 
also identified as important contributors. 

K Basin Sludge Safety Assessment E.2 May 30, 1997 
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Figure E.1. 241-AW HVAC System Aow Diagram 
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Figure E2. Tanks 105-AW and 106-AW Air Inlet Station 
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Table E.1 . Basic Event Failure Probability Data 

PROBA-
BASIC EVENT DESCRIPTION BILITY BASIS/RATIONALE 

VEN-AFC-FA-1 Air flow controller 7.71E-02 >,. = 9.16E-6/hr (a) 
failure/plugged 

VEN-AFC-HE-1 Human error 3.00E-03 >,. = 3.0E-3/act (b) 

VEN-ALA-FA-ALL Alarm systems failure 1.97E-01 >,. = 2.5E-5/hr (a) 

VEN-DE-FA-Kl 11 Moisture separator. 1.23E-Ol >,. = 1.5E-5/hr (c) 
Kl-1-1 failure/plugged 

VEN-DE-FA-Kl 12 Moisture separator. 1.23E-01 >,. = 1.5E-5/hr (c) 
Kl-1-2 failure/plugged 

VEN-FAN-FA-K151 Fan Kl-5-1 2.31E-01 >,. = 3.0E-5/hr (d) 
failure/plugged 

VEN-F AN-FA-K152 Fan Kl-5-2 2.31E-01 >,. = 3.0E-5/hr (d) 
failure/plugged 

VEN-FLT-FA-205A Pre-filter failure/plugged 3.00E-03 (probability) 3.0E-3 (b) 

VEN-FLT-FA-205B HEPA Filter 3.00E-03 (probability) 3.0E-3 (b) 
failure/plugged 

VEN-HEA-FA-HTS 1 Heater HTS-1 8.37E-02 >,. = 1.SE-5/hr (c) 
failure/plugged 

VEN-HEA-FA-HTS2 Heater HTS-2 8.37E-02 >. = l .SE-5/hr (c) 
failure/plugged 

VEN-HEP-FA-Kl41 HEPA filter Kl-4-1 3.00E-03 (probability) 3.0E-3 (b) 
failure/plugged 

VEN-HEP-FA-K142 HEPA filter Kl-4-2 3.00E-03 (probability) 3.0E-3 (b) 
failure/plugged 

VEN-HEP-FA-K143 HEPA Filter Kl-4-3 3.00E-03 (probability) 3.0E-3 (b) 
failure/plugged 

VEN-HEP-FA-K144 HEPA filter Kl-4-4 3.00E-03 (probability) 3.0E-3 (b) 
failure/plugged 

VEN-MON-FA-ALL Monitor/control 3.95E-02 >,. = 4.6E-6/hr (a) 
equipment failure 

VEN-MOV-FA-MK601· Valve MK-601 3.06E-03 >,. = 3.SE-7/hr (a) 
. failure/plugged 
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PROBA-
BASIC EVENT DESCRIPTION BILITY BASIS/RATIONALE 

VEN-MOV-FA-MK602 Valve MK-602 3.06E-03 A = 3.5E-7/hr (a) 
failure/plugged 

VEN-MOV-FA-MK603 Valve MK-03 3.06E-03 A = 3.SE-7/hr (a) 
failure/plugged 

VEN-MOV-FA-MK604 Valve MK-604 3.06E-03 A = 3.5E-7/hr (a) 
failure/plugged 

VEN-MOV-FO-MK603 Valve MK-603 fails to 3.00E-03 (Fails to open on demand) 
open 3.0E-3/denabd (t) 

VEN-OPE-DIAGNOSE Operator fails to diagnose 5.00E-02 A = 5.0E-2/act. (b) 
and open valve MK-603 

VEN-PAT-UA-Kl 11 Path Kl-1-1 unavailable 3.84E-02 Assumed 2 weeks per year 
due to maintenance ventilation system is down for 

service 336 hr per yr / 8760 hr 
per yr = 3.84E-02 

VEN-PAT-UA-Kl 12 Path Kl-1-2 unavaitable 3.84E-02 Assumed 2 weeks per year 
due to maintenance ventilation system is down for 

service 336 hr per yr / 8760 hr 
. per yr = 3.84E-02 

VEN-POW-LOSS Loss of power l.OOE-02 L0E-2/yr (e) 

VEN-RES-HUMERR Operator fails to response 5.00E-02 5.0E-2/act (b) 

VEN-V AL-FA-254E Isolation butterfly valve 4.37E-03 A = 3.SE-7/hr (a) 
failure/plugged 

VEN-VAL-FA-MK605 Butterfly valve MK-605 3.06E-03 A = 3.5E-7/hr (a) 
failure/plugged 

VEN-V AL-FA-MK606 Butterfly valve MK-606 3.06E-03 A = 3.5E-7/hr (a) 
' failure/plugged 

VEN-VAL-FA-MK607 Butterfly valve MK-607 3.06E-03 A = 3.SE-7/hr (a) 
failure/plugged 

VEN-VAL-FA-MK608 Butterfly valve MK-608 3.06E-03 A = 3.5E-7/hr (a) t 

failure/plugged 

VEN-VBR-AU-1 Vacuum breaker fails to l.OOE-02 A = l.0E-2/d (a) 
automatically actuate 
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PROBA-
BASIC EVENT DESCRIPTION BILITY BASIS/RATIONALE 

VEN-VBR-MA-1 Vacuum breaker fails to 6.00E-02 Assumed operator error = 
manually actuate 5.0E-2 and vacuum breaker};. 

= l.0E-2/demand 

\ = Component tailure rate (tallures per umt tune). 
{a) IEEE-500 
(b) RCS-SA 
(c) Oconee PRA 
(d) NUCLARR 
(e) Trojan Database 
(f) NUREG/CR-4550 
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Table E.2. System Cut Sets (Quantification) Report 

Fanuly: KBASIN Analysis: RANDOM 
System : VEN Case : ALTERNATE 

Mincut Upper Bound : 9.282E-002 

Cut % % Cut Prob/ 
No. Total Set Freq. CUT SETS 

1 53.8 53.8 5.0E-002 . VEN-POW-LOSS, VEN-POW-RECOVERY 
2 65.1 11.3 l.0E-002 VEN-ALA-FA-ALL, VEN-FAN-FA-K151, 

VEN-F AN-FA-K152 
3 69.2 4.1 3.8E-003 VEN-ALA-FA-ALL, VEN-FAN-FA-K151, 

VEN-HEA-FA-HTS2 
4 73.3 4.1 3.8E-003 VEN-ALA-FA-ALL, VEN-FAN-FA-Kl 52, 

VEN-HEA-FA-HTS 1 
5 76.6 3.2 2.9E-003 VEN-ALA-FA-ALL, VEN-DE-FA-Kl 11, VEN-DE-FA-Kl 12 
6 79.4 2.8 2.6E-003 VEN-F AN-FA-Kl51, VEN-F AN-FA-Kl52, 

VEN-RES-HUMERR 
7 81.9 2.4 2.2E-003 VEN-ALA-FA-ALL, VEN-FAN-FA-Kl 51, 

VEN-OPE-DIAGNOSE 
8 · 84.1 2.2 2.lE-003 VEN-FAN-FA-K151, VEN-FAN-FA-K152, 

VEN-MON-FA-ALL 
9 85.6 1.4 1.3E-003 VEN-ALA-FA-ALL, VEN-HEA-FA-HTS 1, 

VEN-HEA-FA-HTS2 
10 86.7 1.0 9.6E-004 VEN-FAN-FA-K151, VEN-HEA-FA-HTS2, 

VEN-RES-HUMERR 
11 87.7 1.0 9.6E-004 VEN-FAN-FA-K152, VEN-HEA-FA-HTSl, 

VEN-RES-HUMERR 
12 88.7 0.9 8.9E-004 VEN-ALA-FA-ALL, VEN-DE-FA-Kl 11, 

NEN-PAT-UA-Klll, VEN-PAT-UA-K112 
13 89.6 0.9 8.9E-004 VEN-ALA-FA-ALL, VEN-DE-FA-Kl 12, 

VEN-PAT-UA-Klll, NEN-PAT-UA-K112 
14 90.6 0.9 8.6E-004 VEN-ALA-FA-ALL, VEN-V AL-FA-254E 
15 91.5 0 .8 8.2E-004 VEN-ALA-FA-ALL, VEN-HEA-FA-HTS 1, 

VEN-OPE-DIAGNOSE 
16 92.3 0.8 7.6E-004 VEN-FAN-FA-Kl 51, VEN-HEA-FA-HTS2, 

VEN-MON-FA-ALL 
17 93.1 0.8 7.6E-004 VEN-FAN-FA-K152, VEN-HEA-FA-HTS 1, 

VEN-MON-FA-ALL 
18 93.9 0.8 7.SE-004 VEN-DE-FA-Klll, VEN-DE-FA-K112, 

VEN-RES-HUMERR 
19 94.6 0.6 5.9E-004 VEN-DE-FA-Klll, VEN-DE-FA-K112, VEN-MON-FA-ALL 
20 95.2 0.6 5.9E-004 VEN-ALA-FA-ALL, VEN-FL T-FA-205A 
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Cut % % Cut Prob/ 
No. Total Set Freq. CUT SETS 

21 95.8 0.6 5.9E-004 VEN-ALA-FA-ALL, VEN-FLT-FA-205B 
22 96.5 0.6 5.7E-004 VEN-FAN-FA-K151, VEN-OPE-DIAGNOSE, 

VEN-RES-HUMERR 
23 97.0 0.4 4.5E-004 VEN-FAN-FA-Kl51, VEN-MON-FA-ALL, 

VEN-OPE-DIAGNOSE 
24 97.3 0.3 3.5E-004 VEN-HEA-FA-HTS 1, VEN-HEA-FA-HTS2, 

VEN-RES-HUMERR 
25 97.6 0.3 2.7E-004 VEN-HEA-FA-HTS 1, VEN-HEA-FA-HTS2, 

VEN-MON-FA-ALL 
26 97.9 0.2 2.2E-004 VEN-DE-FA-Kl 11, NEN-PAT-UA-Klll, 

VEN-PAT-UA-Kl 12, VEN-RES-HUMERR 
27 98.1 0.2 2.2E-004 VEN-DE-FA-K112, VEN-PAT-UA-Klll, 

NEN-PAT-UA-K112, VEN-RES-HUMERR 
28 98.4 0.2 2.lE-004 VEN-RES-HUMERR, VEN-V AL-FA-254E 
29 98.6 0.2 2.0E-004 VEN-HEA-FA-HTS 1, VEN-OPE-DIAGNOSE, 

VEN-RES-HUMERR 
30 98.8 0.1 1.8E-004 VEN-DE-FA-Klll, VEN-MON-FA-ALL, 

/VEN-PAT-UA-Klll, VEN-PAT-UA-K112 . 
31 99.0 0.1 1.8E-004 VEN-DE-FA-Kl 12, VEN-MON-FA-ALL, · 

VEN-PAT-UA-Klll, NEN-PAT-UA-K112 
32 99.2 0.1 l.7E-004 VEN-MON-FA-ALL, VEN-V AL-FA-254E 
33 99.3 0.1 l.6E-004 VEN-HEA-FA-HTS 1, VEN-MON-FA-ALL, 

VEN-OPE-DIAGNOSE 
34 99.5 0.1 l.5E-004 VEN-FLT-FA-205A, VEN-RES-HUMERR 
35 99.7 0.1 1.5E-004 VEN-FLT-FA-205B, VEN-RES-HUMERR 
36 99.8 0.1 1.3E-004 VEN-ALA-FA-ALL, VEN-FAN-FA-Kl 51, 

VEN-MOV-FA-MK601 
37 100.0 0.1 l.3E-004 VEN-ALA-FA-ALL, VEN-FAN-FA-K151, 

VEN-MOV-FA-MK603 
38 100.0 0.1 l .3E-004 VEN-ALA-FA-ALL, VEN-FAN-FA-K152, 

VEN-MOV-FA-MK602 
39 100.0 0.1 l.3E-004 VEN-ALA-FA-ALL, VEN-FAN-FA-Kl 52, 

VEN-MOV-FA-MK604 
40 100.0 0.1 l.3E-004 VEN-ALA-FA-ALL, VEN-FAN-FA-K151, 

VEN-HEP-FA-K143 
41 100.0 0.1 l.3E-004 VEN-ALA-FA-ALL, VEN-FAN-FA-K151, 

VEN-HEP-FA-K144 
42 100.0 0.1 l.3E-004 VEN-ALA-FA-ALL, VEN-FAN-FA-K151, 

VEN-MOV-FO-MK603 
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Cut % % Cut Prob/ 
No. Total Set Freq. CUT SETS 

43 100.0 0.1 1.3E-004 VEN-ALA-FA-ALL, VEN-FAN-FA-K1S2, 
VEN-HEP-FA-K141 

44 100.0 0.1 1.3E-004 VEN-ALA-FA-ALL, VEN-FAN-FA-K1S2, 
VEN-HEP-FA-K142 
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Table E.3. System Importance Measures Report 

Family : KBASIN 
System: VEN 

Analysis : RANDOM 
Case :ALTERNATE 

(Sorted by Birnbaum Importance Measure) 

Num. Prob. Birnbaum Risk Risk 
of of Importance Reduction Increase 

Event Name 0cc. Failure Measure Difference Difference 

VEN-POW-RECOVERY 1 5.000E-002 9.549E-001 4.774E-002 9.071E-001 
VEN-V AL-FA-254E 3 4.370E-003 2.425E-001 1.135E-003 2.413E-001 
VEN-FL T-FA-205B 3 3.000E-003 2.424E-001 7.793E-004 2.416E-001 
VEN-FLT-FA-205A 3 3.000E-003 2.424E-001 7.793E-004 2.416E-001 
VEN-ALA-FA-ALL 68 1.966E-001 1.408E-001 2.924E-002 1.116E-001 

VEN-RES-HUMERR 68 5.000E-002 1.375E-001 7.331E-003 . 1.302E-001 
VEN-MON-FA-ALL 68 3.949E-002 1.373E-001 5.785E-003 1.315E-001 
VEN-FAN-FA-K151 24 2.311E-001 9.699E-002 2.315E-002 7.384E-002 
VEN-HEA-FA-HTS 1 24 8.371E-002 9.545E-002 8.303E-003 8.714E-002 
VEN-MOV-FA-MK604 24 3.061E-003 9.461E-002 3.020E-004 9.431E-002 

VEN-MOV-FA-MK602 24 3.061E-003 9.461E-002 3.020E-004 9.431E-002 
VEN-HEP-FA-K141 24 3.000E-003 9.461E-002 2.959E-004 9.432E-002 
VEN-HEP-FA-K142 24 3.000E-003 · 9.461E-002 2.959E-004 9.432E-002 
VEN-FAN-FA-K152 18 2.311E-001 8.392E-002 l.989E-002 6.402E-002 
VEN-HEA-FA-HTS2 18 8.371E-002 8.276E-002 7.141E-003 7.562E-002 

VEN-OPE-DIAGNOSE 18 5.000E-002 8.250E-002 4.256E-003 7.825E-002 
VEN-MOV-FA-MK601 18 3.061E-003 8.214E-002 2.598E-004 · 8.188E-002 
VEN-MOV-FA-MK603 18 3.061E-003 8.214E-002 2.598E-004 8.188E-002 
VEN-HEP-FA-K144 18 3.000E-003 8.214E-002 2.546E-004 8.189E-002 
VEN-HEP-FA-K143 18 3.000E-003 8.214E-002 2.546E-004 8.189E-002 

VEN-MOV-FO-MK603 18 3.000E-003 8.214E-002 2.546E-004 8.189E-002 
VEN-POW-LOSS 1 1.000E+OOO 4.774E-002 4.774E-002 1.387E-017 
VEN-DE-FA-K112 12 1.231E-001 4.269E-002 5.332E-003 3.735E-002 
VEN-DE-FA-Klll 12 1.231E-001 4.269E-002 5.332E-003 3.735E-002 
VEN-VAL-FA-MK605 12 3.061E-003 4.244E-002 l.320E-004 4.231E-002 
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Num. Prob. Birnbaum Risk Risk 
of of Importance Reduction Increase 

Event Name 0cc. Failux:e Measure Difference Difference 

VEN-V AL-FA-MK607 12 3.0618-003 4.2448-002 1.3208-004 4.2318-002 
VEN-VAL-FA-MK606 12 3.0618-003 4.2448-002 1.3208-004 4.2318-002 
VEN-V AL-FA-MK608 12 3.0618-003 4.2448-002 1.3208-004 4.2318-002 
VEN-PAT-UA-Kl 12 18 3.840E-002 3.076E-002 1.190E-003 2.957E-002 
VEN-PAT-UA-Kl 11 18 3.840E-002 3.076E-002 1.190E-003 2.957E-002 

VEN-VBR-AU-1 6 l .OOOE-002 l.237E-003 1.237E-005 1.224E-003 
VEN-VBR-MA-1 6 5.950E-002 2.079E-004 1.237E-005 1.955E-004 
VEN-AFC-FA-1 3 7.710E-002 l.544E-004 1.191E-005 1.425E-004 
VEN-AFC-HE-1 3 3.000E-003 1.544E-004 4.634E-007 l.540E-004 
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Figure E.3. Primary Ventilation System Fault Tree (Sheet 1 of 4) 
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APPENDIX F 

THE CORROSION OF URANIUM IN A 
DOUBLE-SHELL TANK ENVIRONMENT 

M. D. Danielson 

NOTE: This appendix is refonnatted and reprinted 
version of a literature survey performed by the author 
in 1995. 
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F.1 -BACKGROUND 

WHC is currently working on an accelerated schedule to remove the spent fuel from the K
basins. Work is to start by December 1997 and be completed in two years. The sludge from the 
bottom of the basin ( containing metallic uranium from ruptured fuel) will be shipped to the TWRS 
facility for interim storage in tanks A W-103 or A W-105. A major issue is the acceptability of the 
fuel sludge by the TWRS facility since it will be added to tanks containing liquid and solid wastes. 
The purpose of this task is to determine the general corrosion rate of reactor grade metallic uranium 
in the chemical environment that will be encountered in waste tanks AW-103 or AW-105 (See Table 
F.1 for compositions). Reactor grade uranium at Hanford has the following approximate composition 
(Pearce 1995a): 0.07-.09% Al, 0.036-.074% Fe, and 0.010% Si. 

F.2 RESULTS 

Most of the uranium corrosion work is decades old (Weirick 1979). The work generally falls 
into two categories: (1) corrosion of uranium in contact with high temperature water (T> 100°C) 
which is probably driven by a concern with the failure of fuel cladding under reactor operating 
conditions, and (2) corrosion under moist, oxygenated, ambient temperature conditions which is 
driven by the use of uranium as high energy penetrators (armor piercing projectiles). Recently, 
uranium corrosion was reviewed in a Hanford study (Puigh 1995) that explored the technical basis for 
fuel removal from the K basins. This study reviewed the general aspects of uranium corrosion with a 
focus on hydrogen gas evolution and the corrosion kinetics in moist environments. There are no 
corrosion data in the literature for the specific liquid solution conditions (Ts 100°c, oxygenated, 
caustic, nitrites, and nitrates) associated with Hanford waste tanks (see Table F.1 for waste tank 
compositions). 

Uranium is a silvery metal that is highly reactive in an aqueous environment. Figure F.1 
shows two Pourbaix diagrams (Pourbaix 1974) based on U and UH3, respectively. The metal and 
hydride phases are far below the equilibrium lines for hydrogen evolution ('a') and oxygen reduction 
('b') indicating that both the metal and hydride will spontaneously corrode even in the absence of 
oxygen with the formation of UO2• Balanced equations for the corrosion of uranium and uranium 
hydride by the reaction with water and oxygen are shown below: 

U + 2H2O - > UO2 + 2 H2 (g) 
U + 0 2 (g) - > UO2 

UH3 + 2H2O - > UO2 + (7 /2) H2 (g) 
UH3 + (7/4) 0 2 (g) -> UO2 + (3/2) H2O 

(1) 
(2) 
(3) 
(4) 

The Pourbaix diagram indicates that UH3 is more stable than U. Pourbaix diagrams are useful to 
the extent of predicting the most stable phases because they assume equilibrium conditions, but these 
diagrams have limited value for estimating the rate of a corrosion process. Waber (1960) reports that 
UO2 is resistant to further attack in water up to 300°C. Karraker and Hobbs (1994) have determined 
the solubility of uranium oxides in simulated Savannah River Site wastes (see Figure F.2), and they 
conclude that aged, dissolved uranium has a number of oxidation states. The solubility of uranium 
oxides is quite low in hydroxide solutions. 
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Table F.1. Tank Compositions (concentrations in g/liter) 

DST ,..... pH OH· NO,· NO, c1· f · TOC 

241- ydlow 12.9 2.48 3.44 1.12 0.12 17.2 0.94 
AW-Im ualyoil dlled 

900/94 

241-AW-105 ...- 12.9 4.19 5.64 1.19 O.m5 1.79 0.31 
ualyoil dmd 

1125194 

Since oxygen has a low solubility in aqueous solutions, the major cathodic reaction will be· 
hydrogen evolution during uranium corrosion. UH3 is expected to form under the UO2 film since 
uranium metal readily reacts with hydrogen. Waber (1960) reports that UH3 corrodes at about the 
same rate as pure uranium. He measured corrosion rates of pure uranium of about 1 mg/cm2/h (0.46 
cm/y or 180 mils/y) in both air-saturated and hydrogen-saturated DI (d~ionized) water at 100°C. 
Weirick (1979) quotes a pure uranium metal corrosion rate in DI water at 25°C as 0.57 mg/cm2/h 
(0.26 cm/y or 103 mils/y). The reaction product was identified as UO3•0.8H2O. Tyfield (1988) 
measured a corrosion rate activation energy of 60 kJ/mole (14 kcal/mole) over a temperature range of 
75-140°C for reactor grade uranium. Leach and Nehru (1964a) found a similar activation energy 
over the temperature range of 30-60°C for pure uranium. This fairly low activation energy indicates 
that a diffusional process plays a role in controlling the rate of the corrosion process. 

Leach and Nehru (1964b) studied the room temperature (deoxygenated) corrosion of pure 
uranium at pHs of 9.7, 11.6, and 13 (0.1 N NaOH), values particularly appropriate to the present 
study. Unfortunately, their data are in terms of a relative rate constant related to oxide thickening 
rather than in terms of mass/area changes. They concluded that the corrosion rate is similar for pH 
9.7 and 11.6 but that the rate increases at pH 13. There is an implication that the corrosion rate in 
alkaline solutions is somewhat greater than in DI water (pH =5.4). However, Tyfield (1988) in his 
literature review quotes a modest reduction (20%) in the corrosion rate at 100°C upon raising the pH 
from ~6 to ~ 13. Tyfield's own experiments with reactor grade uranium (Magnox fuel, contains 
-0.1 % Al and ~0.03% Fe) show a decrease in the corrosion rate of irradiated fuel by a factor of 
three when going from pH of 7 to 12.5 by NaOH addition at 30°C. He measured a rate of 0.015 
mg/cm2/h for irradiated fuel at 30°C in pH 12.5 solution containing 1 g/1 fluoride. The presence of 
Al in reactor grade uranium acts to reduce the corrosion rate relative to pure uranium, and Tyfield 's 
rate is approximately a factor of forty smaller than that observed for pure uranium (0.57 mg/cm2/h) 
by Weirick (1979). Tyfield also examined the effect of fluoride ion concentration (1 and 10 g/1) on 
the corrosion rate. Fluoride increases the corrosion rate at a pH < 12.5 but has no effect at pH 
12.5. Tyfield made a number of other valuable observations that are summarized below: 

1) Uranium corrosion has an induction period which characterizes the process. No corrosion 
takes places during this period, and then the rate slowly increases to the steady state values 
reported in the literature. At pH 12.5 ( s 60°C), 1 g/1 fluoride results in an induction time of 
about ten hours. The role of fluoride is to reduce the induction period. 

2) The uranium oxide corrosion product over the metal surface consists of a thin, adherent black 
layer of UO2 which is overlaid by a friable scale that readily spalls. Increasing the solution 
pH increases the proportion of fine particles in the spalled scale. UH3 is present as a thin 
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film at the uranium/oxide interface with occasional fingers of penetration into the metal. 
Increasing the pH appears to inhibit the formation of UH3 with only slight hydriding noted at 
pH 12.5. 

3) Irradiated fuel corrodes similarly to unirradiated fuel. Any differences are due to an 
increased surface area induced by the swelling of the fuel. 

The other issues relevant to the corrosion of uranium in Hanford waste concern the effects of nitrate, 
nitrite, and chloride. Based on open circuit potential measurements of pure uranium (Bullock 1976, 
Ward and Waber 1962, Levy and Zabielski 1974) in neutral pH water (deoxygenated), nitrate (0.1 
molar studied) was found to be a more potent inhibitor that nitrite (0.0005, .005, .05, and .5 molar 
studied) after an observation period of sixteen hours. Curiously, no corrosion rate measurements 
were made, the assessment of the inhibitor potency being evaluated on the anodic (positive) open 
circuit potential. The presence of air resulted in even more anodic potentials than that detennined in 
the nitrate solution, leading to some suspicion as to the validity of this assessment method. At lower 
pHs, chloride causes uranium to pit; however, in 1.0 M NaOH + 1.0 M NaCl, the pitting is 
completely suppressed (Levy and Zabielski 1974). 

F.3 CONCLUSIONS 

Waste tanks AW-103 and 105 contain significant amounts of hydroxide (2.48 and 4.19 g/1, 
respectively), nitrate (3.44 and 5.64 g/1), nitrite (1.12 and 1.19 g/1), and fluoride (17,2 and 1.79 g/1) 
(see Table F.1). Most of the literature data are not relevant for predicting the reactor grade uranium 
corrosion rates expected in the Hanford waste tank environment. The most relevant paper is that of 
Tyfield (1988), and he clearly shows that (1) reactor grade uranium corrodes at significantly lower 
rates than pure uranium, (2) that there is an induction period before the corrosion rates reach a steady 
value, (3) that fluoride ion at 10 g/1 (tank AW-103 contains 17 g/1 fluoride) does not have an 
accelerating effect in Hanford waste pH regime (pH> 12.5), (4) UO2 is the dominant oxide and that it 
readily spalls, and (5) pH 12.5 inhibits the formation of uranium hydride. Tyfield's corrosion rate 
data of 0.015 mg/cm2/h for irradiated fuel at 30°C in pH 12.5 solution is the best estimate at the 
present time for the Hanford environment. Uranium dissolution in the Hanford waste _tanks will 
undoubtedly be at higher temperatures which would result in a higher rate constant. However, the 
inhibiting effects of nitrate and nitrite are presently unknown but may act to greatly decrease the rate. 
The effects of fluoride and chloride can probably be ignored. 

Using Tyfield's data at 30°C, it is possible to estimate the time required to dissolve reactor 
grade uranium in a spherical form, assuming that nitrate, nitrite, and elevated temperatures have no 
effect on the dissolution rate. The time for complete dissolution for pellets of 0.635 cm (0.25 inches) 
diameter is 46 years at 30°C. The derivation for this calculation is shown in Appendix lA. Using 
Tyfield's activation energy, a factor of 80 increase in the corrosion rate would be expected if the 
corrosion process was carried out at 100°C. Complete dissolution would then be expected in 0.57 
years (assuming no induction period). It should be emphasized that much of the available 
experimental data are the result of tests carried out with pure uranium, which has substantially 
different corrosion kinetics from reactor grade uranium. There are a few additional uncenainties that 
are discussed in the following section. 
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F.4 RECOMMENDED FUTURE WORK 

The uranium corrosion literature is inconsistent, and corrosion rate measurements were rarely 
carried out with the result that the database is quite small. The most important work for this study is 
that of Tyfield (1988), and his experimental conditions differ significantly from the Hanford waste 
conditions in terms of temperature and solution composition. Test calculations using Tyfield's data 
indicate excessively long times for complete dissolution in the waste tanks at ambient temperature. 
The role of nitrates and nitrites as inhibitors on the corrosion rate of uranium is unknown, and their 
presence in the Hanford waste tanks may have a significant effect on the time for complete 
dissolution. It is recommended that corrosion testing be carried out at PNL under conditions relevant 
to Hanford waste tanks A W-103 and A W-105 . . This testing is relatively straight forward using the 
test protocol set forth by Tyfield. Tyfield monitored the increase in hydrogen pressure in sealed 
containers which contained the uranium metal and the test solution. The corrosion rate is directly 
proportional to the increase in hydrogen pressure over time. A statistical (Plackett-Burman) test 
matrix of solution compositions and temperature would be chosen to minimize the number of tests. 
The test variables would be temperature, pH, nitrate concentration, nitrite concentration, and fluoride 
concentration. 
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Figure F.1. Uranium-water Pourbaix Diagram (Pourbaix 1974) 
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ATTACHMENT TO APPENDIX F 

Derivation of Equation to Calculate Dissolution 
Time for a Spherical Particle 

The following assumptions are made for this derivation: 

(a) spherical particle 
(b) mass corrosion rate (R) is constant 

Volume, V = (4/3}rr3 
Area, A = 41rr 
r = radius 
R = mass corrosion rate, g/cm2/h 
t = time, h 
p = uranium density, 19.05 g/cm3 

m = mass = Vp = (4/3)rr3p 

The following finite difference equation for the change in mass is true for all times: 

IDn+i = IDn - RA.t..t 

.t..ml.t.t = -RA 

Rev. B 

Expressing the above equation in differential form and substituting for the mass and area in terms of 
the radius: 

dr/dt = - Rip 

Integrating with the condition that at t = 0, r = r0 

r = - (R/p)t + ro 

The time for complete dissolution is when r = 0 

~ = r,,p/R 

A suggested diameter for uranium particles was 0.635 cm (0.25 inches) and using Tyfield's rate of 
15E-6 g/cm2/h (note units change from mg to g): 

tdisuulioa = (.318 cm)(l9.05 g/cm3)/(15E-6 g/cm2/h) 

~ = 4.0E5 h or 46 year 
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To: 

S. A. Barker - TWRS Process Engineering: Models and Inventory 
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March 26, 1997 
EVALUATION OF AW-105 FOR LENGTH OF TIME UNTIL 25% LFL IS 
EXCEEDED FOLLOWING ADDITION OF K-BASIN SLUDGES 

Y. Liu (PNNL) 

cc: K. M. Hodgson 
W. B. Barton 

K8-07 

R2-11 
R2-12 

K. D. Fowler R2-11 
P. M. Daling (PNNL) K8-07 

This OSI documents the calculations performed to determine the length of time that it would take for 
tank 241-AW-105 with K-Basin sludge to reach 25% of the lower flammability limit. The 
calculations are based on the spreadsheet K. D. Fowler put together previously. Fowler's assumption 
was that tank was full to capacity. The amount of supernatant was varied to determine the 
relationship between tank fill and time to 25 % LFL. .The following table presents a selection of the 
results. The last data point, volume equals 1,145,700 gallons, represents Fowler's full tank case. 
The following 5 pages present my calculations as run in Math CAD. 

Waste Volwne (kgals) Time to 25% LFL (days) Time ·to 100% LFL (days) 

404.6 16.9 78.2 

504.6 15.2 69.0 

604.6 13.5 60.2 

704.6 11.7 51.8 

804.6 10.0 43.7 

904.6 8.3 35.8 

· 1145.7 4.3 18 

A-6002-067 (10/96) GEF397 



Y. Liu 
Page 2 
March 26, 1997 

Date 3 -b" - 1 7 
Checked by________________________ Date ________ _ 

Detennination of Time Required to Reach 25 % LFL in Tank 
AW-105 Following Transfer of K-Basin Sludge 

Assumptions 

• Kenny Fowler's spreadsheet data is basis for this calculation 
• Assume a range of tank supemate volumes 

3 
Vol tank := 188490-ft 

Vol solids := 304S92-gal 

gal 
Cap tank :: 2754•-:-

Ul 

Volume of tank including dome ... 

Volume of tank per inch of depth ... 

100000 

1S0000 

200000 

2S0000 

300000 

350000 

400000 

450000 

Range of Volume of Supemate from 100 kgal 
to full tank at M 1 kgal. Vectoris 16 members 
long ranging from O to 15 •.. 

Vol supcmate := -gal 
S00000 

Vol solids 
Depth lids := ---

so Cap tank 

Dc:pth solids "' 111 -in 

Vol_.t,. 
Dc:pth : = --~v-'--...---

supemate Cap tank 

Depth • 305 ·in 
superruite I j 

550000 

600000 

650000 

700000 

750000 

800000 

841108 

Depth supenllllCO = 36 -in 

Depth. waste : = Dc:pth solids+ Dc:pth supcmate 

Dc:pth waste = 416 •in 
Jj 

Dc:plhwastc;i = 147-in 

Anaylsis of Loss of Ventilation - AW105-KBasin 02.MCD 
c.,.. 1 

A-6002-067 (10/96) GEF397 
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0 te '2 - 2 ~ -4"7 a -•;-,,._~/ ____ _ 

Checked by _________________ _ Date ______ _ 

• Hydrogen Generation Rate 

ft.3 
Rate H2 Tbmnoi.,.;• := 49.59·-- .,..,.. day 

ft3 
Rate H2 Radial.ms•:= 1.03·-

- J- day 

ftl 
RateH2 Corrosioo := 1.10--

- day 

Thannolysis contribution Is a function of waste temperature -

assumed to be 63 "F ... 

Radlolysla contribution Is a function of NO3 concentration. Dilute 
tanks are expected to have greater H2 generation rates based on 
radiolysis ..• 

Corrosion is a function of wetted surface area - not adjusted to 
compensate for varying volumes in this 
model ..• 

Rate H2 _ total : = Rate H2 _ Thennolysis + Rate H2_Radioly,is + Rate H2_ COITOsioa 

tr.3 
Rato 82 total ~0.036•-. 

- mm 

• Head Space 

Vol waste := Vol solids+ Vol supcmatc 

Vol waste • l 145700•gal 
15 

Vol Head_spacc : ~ Vol tank- Vol waste 

3 
Vol Head space ,. 35332 •ft 

- 15 

• Active Ventilation Rate 

ftl 
Rate vent flow active : = 70- - . 

- - mm 

tr 
R•te vent flow active • 1 OOSOO •-

- - dq 

Vol wut; • 404592 •gal 

3 
Vol Head_sp•=o • 134404•ft 

Ventilation rate from K. Fowler's spreadsheet ... 

• Ventilation Rate when forced ventilation is turned off 

% 
R• te Breathing : = 0.45•

day 
Ventilation rate due to natural breathing only - does 
not include natural convection or Bemoulll affect (this 
value may be very conservative) ... 

Rate vent_flow _nb := Vol Heed_sp•ce· Rate Breathing 

ft3 
Rate vent flow nb • 0. 11 ·-. 

- - 15 mm 

ftl 
Ratevent flow nb •o.42·-. 

- - o mm 

Anaylsis of Loss of Ventilation -AW105-KBasin 02.MCD a.-..., 
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Author _::>_,...4/f-,,,,:;,._~.;;...__A__,;......,..&t-.....:;._ _____ _ Date 3-2 l ·2Z 
Checked by _________________ _ Date ______ _ 

• Maximum H2 accumulation(%) with active ventilation 

Rate H2 total 
ConcH2 max :=-------=------

- (RateH2_101alt- R.atcvcnt_flow_activc) 

CoocH2_max •0.05-% 

• nme (days) to reach 25% LFL with active ventilation 

. VolHe.i :ipacc (.CoocH2_max- 0;~~5) 
Time25%LFL := -------=-.__ ____ In-------

(Rate H2_total + Rate vent_flow _active) Cone H2_max 
if C >0.625 

OllCH2 max-
- 100 

( I OOOOOday) otherwise 

Time 25%1.FL • I 00000-day Value of 100,000 Indicates that 25% LFL will not be reached at 
assumed conditions ... 

• Time (days) to reach 100% LFL with active ventilation 

. . Vol Head space (Cone Hi_max - :! ) if Cone > 2.5 
TIIDC .LFL := -------= ........ ----•In H2 

(RateH2_tota1+Ratevent_flow_octive) ConcH2_max . . _max-100 

( 100000-day) otherwi,e 

Time LFL • toOOOO-day Value of 100,000 Indicates that 100% LFL will not be reached at 
assumed conditions ... 

• Maximum H2 accumulation(%) with passive ventilation 

i .=0 ,1.. IS 

Cone H2 mL"< nb. := ( -
- - ' Rate H2 total+ Rate van flow nb. \ 

- - - •I 

Rate H2 total 

ConcH2 max nb =7.88-% 
- - 0 

Cone H2 max nb • 24.55 •% 
- - 1, 

• nme (days) to reach 25% LFL with passive ventilation 

Time 251/d.FL nb . . = 
- I i 

0.625 
- Vol He.-l_spacie; ConcH2_max_nb; - 100 

(Rate H2_total + Rate vent_tlow_nb;) Conc H2_max_nb; 

( 100000· day) otherwix 

Time2s¾LFL_nbo • 16.9-day Time 2S%LFL nb • 4.3 -day 
- IS 

Anaylsis of Loss of Ventilation - AW105-KBasin 02.MCD 
0 .... ~ 

if Cone > 0.6: 
H2_max_nb; · 10 
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Author _.:;....&rlf-J-I'-~;;._.~~------ Date 

Checked by ________________ _ Date ______ _ 

• Time (days) to reach 100 % LFL with passive ventilation . 

i
·c 2.S 

- Vol Head space. oncH2 max nb. - -
Timel..FL nb. := - • . - - • 100 

- • (Rate H2_total + Rate vcnt_tlow_nbi) Cone H2_max_nbi 

( )()()()()()-day) othawi,c 

if C > 2.5 
oncH2 max nb.-

- - I )00 

Time I.FL nb • 78-day . Time I.FL nb - I 8 -day 

Depending on the fill of the tank, it will take 
from 18 to 78 days to reach 25% LFL ••• 

- 0 - 15 

• Minimum Required Ventilation Rate to maintain 
flammable gas concentration to less than 25% LFL 

Rate 100- 0.625 Ra if C >0.625 
Rate vent_minimlllll; ·-: H2_totar 

0
_
625 

- tc vait_flow _nbi one H2_max_nbi - 100 · 

lik:r 
Ratcvcnt minimum_• 149.82•-. 

- ·-.i mm 

ftl 
Rate vent minimum = 5-6 •-

- u min 

. liter 
Rate cnt · · = 1 S8.58 ·-

v -=1, mm 

Anaylsis of Loss of Ventilation -AW105-KBasin 02.MCD 
Pan•.t 

A ventilation rate of 5.6.cfm or greater 
will assure that 25% LFL will not be 
exceeded at assumed conditions ... 

3/26/9i 



y. Liu 
Page 6 
March 26, 1997 

bate 3--2 6·-r:2 
Checked by .. _________________ _ Date ______ _ 

Effect of Waste Vol on Time to 25%1.FL 
IO 

r-.. 
' ' 70 ' ~ 

' ' ' ' 60 
' ' ' ' ,o ' ' ' ' " ' 

' ~ 

' ' 30 
... 

' ' ', 
20 

1--r---r----JO - r---~ 
0 

4•10"' 7• 10"' rto5 9•10"' 

- Time 1o 2SY.I.FL 
- Timetol.FL 

• Summary Table of Results: 

Time to reach 25% LFL and 100% 
LFL with natural breathing only 

w-va1-(plloaJ 

0 

2 
3 
4 
s 
6 

7 
8 
9 
10 

11 
12 
13 

14 

IS 

Vol waste. Time 2s%LFL nb. 
I - I 

al 5?1 day 
404S92 16.9 
454592 16 

504592 15.2 
S54592 14.3 

604S92 13.S 

6S4592 12.6 

704592 11.7 

7S4592 10.9 

804S92 10 

8S4592 9.2 

904592 8.3 

954S92 7.5 

1004592 6.7 

10S4S92 5.8 

1104592 5 
1145700 4.3 

Anaylsis of Loss of Ventilation - AW105-KBasin 02.MCD 
0 ....... c 

-... 

-

TimeLFL nb. 
- I 

day 

78.2 
73.5 

69 
64.6 

60.2 

56 

51.8 

47.7 

43.7 
39.7 

35.8 

32 

28.3 
24.6 

21 
18 
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PROJECTED SCREENING OF TANK 241-AW-1O5 FOR FLAMMABLE GAS AFTER ADDITION OF 
K BASIN SLUDGE WASTE 

Two screenings were performed. _ The first (KSLUDG2.XLS) is a base case for 
tank 5-AW after K Basin sludge receipt. The following assumptions were used 
for this screening. 

• Tank 5-AW was filled with 416 inches of. waste at all times to maximize 
pressure on trapped gas and to minimize tank headspace volume 

• Combined total of 70 m3 of KE and KW sludge received . ~ 
• Default screening spreadsheet values representative where no data available 
• KE floor and pit sludge max. data from WHC-SP-1182 for centrifuged ludge 

bounding for Cs, Sr, TOC and Al concentrations and for solids d sity 

For the second screening (KS21YR.XLS), the following additiona assumptions 
were used. 

• Gas generation from .the K Basin sludge is 0.05 ft3/min. fr 365.25 days 
• Generated gas is trapped in the waste 
• As trapped gas volume increases, supernate volume was de reased to keep 

tank level at 416 inches (i.e., tank remains within LCO) 
• Trapped gas volume was t~eated as a horizontal cross-section of the tank 

centered at a height equal to 22.5% of the solids height from the tank 
bottom 

RESULTS 

Results indicate that the ventilation in tank AW-105 would be adequate to keep 
the tank headspace well below 25% of the LFL under steady state conditions. 
However, if gas were generated and trapped in the tank, under conditions 
assumed for this screening, a gas release event would cause the tank headspace 
to exceed the LFL (actual result 278 % of the LFL or 11% H2). 

OPTIONS 

1) 

2) 

3) 

Use more representative specific gravity data and the tank non
convective layer, empirical correlation (Estey_ and Guthrie) to indicate 
that gas would not be trapped in the waste matrix under tank conditions. 

Bound gas generation volume for K Basin sludge so that generation rate 
is not .05 Ft3/min over an indefinite period of time. 

If sludge will be treated, use gas generation rate representative of 
sludge as received into tank AW-105. 



1 Tank No. 

Calculation date: 
Total waste volume 
Total solldl volume (sludge+ saltcake), lnclud••g gas 
Supernate volume 
Volume ot dralnable Interstitial liquid 
Volume of sludge · 
Current solid surface Jovel height (Reading -SLC) 
Original solld surface level height (Reading SLH) 

as ol this date: 
Current liquid level height (lteadlng LLC) 
Original liquid level height (~eadlng LLH) 

as of this date: 

A 

Engineer selects ·,ourci or sollds volume (HanlOh, SLC or LLC) 
Engineer selects source of lntersOOal liquid volume (Harilon; si.c 
Engineer selects source ol aupernaie volume (Hanlon, 
Supernate density. If unknown, enter 1.40. 
Solids density. II unknown, enter 1.80. 
P0<oslty (llquld traction) In solids, by assay. II unknown, enter 0.501. 
Porosity (sludge). If unknown, enter 0.16. 

Results or Calculallons or Entrapped Gas Volume and% LFL Dased on Surface Le,el Hl>e 

7 B I C D 

enter C96/03A AW-105" IData Sources/Comments 

enter 02/27/97 fciNOW 
enter .., 1145 600 Tank assumed lull with 416 Inches ol waste 

enter l4f 304 492 Tank database • KE&KW estimate 
•r .., 1141 108 Total was1e \IOlume- solids volume 

:~:::::: :'•~)lf :;,,,:: ::::,::,:!;;!~!: E;:::::--:;~ 
enter 
enter 
enter 
enter 

enter 
enter 
enter 

... ... 

... 

... 

110.60 No data avahbte to assume solids level Increase 

::;::::;:::::,: · ---:,,:,;:: ,::::: Assumed lull tank 

418.00 No data avalabte to assume liquid level Increase 

E 

-

Average gu loc.allon: traction of wet sollds lrom bottom center. II unknown, enter• 0.225. 
Estimated maximum evoporallon ': :." .. · · · .. .. · · · .. · •" .... · ':' · · :-:-:,: .. ·., .................. , 

g TOCIL waste (wet) . : 
g All\. wut. (wet) ' · 

enter f :,,..:::.,..t,,..:=::,..:,0;;;•;;22S;:;.";;=,..i ,..=:=:,.,;;;t'Oe~l.:;.•uaatta....-.,----,---,---------,.-------------

::Jjil! :~!:;:111l•Ilii!iil!il!!l; ; •:::;1ir ~,::::'.!':=':[!~::;:::,':::,,,. :=::::=:~!'c"med ·•••· .. , .... , .. •· ,. •·· l 
Average trapped gas temperature 
Average solids temperatura 
Power load lrom published sourct. If not available, leave blank. 
Heat load lrom published source. II not avalable, leave blank. (Don't leave both blank.) 
Tank Farm (A, AN, M', AW, AA, AY, AZ., B, BX, BY, C, S, SX, SY, T, Tl(, TY, U) 
H2 generation rate, G(H2j;., If uni<n~, int~r Q. t ) ', .. ,,,,. 
II sampled, actual H2 value from sampling 
II sampled, actual NH3 value from sampling 
% H2 In trapped gu, 113 H2nt3 trapped gas. If unknown, enter 97%. 

i~n~~e=;~~;~iW:t:;r;~.~~ti;i:~;,~:: 
Add to Current Surf Lvl: out leakage 
Add to Current Surf Lvt: pumped out 
Add to current Surf Lvt: measuring error (known or posslbla lclcle at star!, kink In tape now, etc.) 
Add to Current Surf LIii: any gu contained In original surfact level 

enter . "' :;:;: ;,::::;:;:;:,83:::,:,:,:,:,::::::::,: Max temp from SACS 2117/97 

enter 'f' 63 Max ternn from SACS 2117/97 
enter lW 

enter ow 2.480 Tank DB+ max K centrlluQed sludQo Cs and Sr 

enter i.-,.,.,.,.,,,:.A,i'W:.;,.,,.,.,.,.,.,.+-------~---/ )int~i\{?i4i.t:~i@.io_oW} ;:::;:::;';::':,o,~ ,::;:;:,:;:;::::: 0..-S' snreadsheet !or 5AW 

enter -
enter -
enter ... 
enter ... 
enter ... 
enter ... ... 

::;:::'.::::::::=::::::::::::::]::~:,.,,. 
"'' r•:•9 .,,,;::::::::;': 10erau11 -::,:,: 

., o.oo,•:,,:,,,,.::;,., :•.•··•.=·•::,.=:·_:•:• 

0.00 
0.00 
0.00 

:;:::,f:::::'.::<f.:11.f:: :::::;::::::: 
Subt lrom Current S~rf Lvl:_ measurlnjl error_(knOWll _or P.OSsl>le Icicle na,,, k'!'k_ln_t:ap• ~1 -~ .rt,-~~-).. .. .. ..... • .nl~r ...... 

~~:: ::~: ~~:~: i~~ t~ll•t:!:tu:E:~~;r:;:=~;t•~:s.~¥,\S;f~:~~:i•!·i!llll!l1!:l::•·:::::::::::::1i•:,:••· ···•'!l!1!i E!:riillllli!::j::•1•.::::::::.! :•::: .. , .....• ::.; .. , ........ _.:;.;:... 
Sub! from Current Surf Lvt: crust expansion by gas enter i.. 

Sub! lrom Current Surf Lvt: crystal expansion enter a.. 
Tank atmospheric breathing rate ' SSTw/oFIC (Crippen: 0.45% nad breathing) enter 
Tank FIC purge rate (nominally 50-200 clh) 
Tank Vent Rate 
Tank breathing rate: _SSTxFIC, SSlwFIC, or, OST : : .'. 
Ratio or NH3 % to H2 % (normaI1y· 4) ' ::, '\':;'\<.-< ... ': ·,., 
Ratio ol CH4 vol lo fraction .ol H2 ·cone. (noim,lly 0.020) 
Assume NH3 vol • this fraction of trapped gas released ( normally 0.220) 
Assume CH4 vol • this fracdon ol trapped g11 released (no,mally 0.00) 
Select Confidence Level for Baromelllc Pressure/Surface Level Correlation 

Engineer Selects Surface Rise Method: L (Liquid) or S (Solid) 
Engineer ldentrles Level Me11Uf'ement Condition: SUP, SOL. LIH 
Temperature ol Entering NI. If unknown, enter 56.3 F (Year Avg). enter 
Relatt.e Humidity of Entering NI. If unknown, enter 50%. enter 11 
Temperature of Vapor In Dome Space (Year Avg) enter 

~~r.~~i.S~~~=~!i~ :;~ffi?i . .J}:~~r,::!\l!f :::,,, 
Enter Fraction or H used In calculating Vent Rate. I unknown, enter l5<nlo. enter 11 

Crippen 1993 

Enter Calculation I leport Vent Flow Rate on Lines 123-124 enter IN~~~ Based on HL LHeat Load}. SAM Napor Sample), or INP (Input Vent ~,tel 

.;LUDG2 XLS 



Results of Calculations of Entrapped Gas Volum 

Tank No. 

Calculation date: 

Volume of Tank 

Total Waste Volume 

Total Solids 

Sludge Volume 

Saltcake Volume 

Interstitial Liquid 

Su ernatant l uid 

Volume of Tank 

f ~!al Waste Volume 

J
I Solids 

dge Volume 
ca5,.e Volume 

" rstltial Liquid 
Su ernatant l uk:I 

·.; . 
Waste Depth (In)'. 
Solids Depth (In) 
Su~rnatant Depth. (in) 
Entetiv• Wet Solids De th. 

TEST VS. CRITERIA (% of LFL) 
%LFL (Cale. Based on Given Vent Rate) 
Vent Rate (CFt.l) (Cale. Based on GIYen Vent Rate) 

Compressed Volume of Entrapped Gas (113) 

Vold F~ctlon % 

A 

CALCULATION USING PAUL WHITNEY!S SLOPE(\, 
.••-•. ;::-; : :- • -.:.; :.: -.❖:-: :::-:-:-:-:-:-:-:.:-:-:-: :-:-: - :-:-:-.❖:-: -:-:-:- :-:-:.;.:-:-: -·-· 

% LFL • (IH2yo 04) + QNH3Y15.0) • 
Compressed Volume of Entrapped Gu (R3) 
Void Fraction % 

B 
enter 
enter 

C 

C96/03A 

FL Based on Surface Level Riso 

E 

V 0,11!1")('1 ~I<; 



A 

I Tank No. 

l Calculation date : 
J Total waste volume 
t Total solids volume (sludge+ saltcake), including gas 
j Suptmate volume 
; Volume ol dralnable Interstitial liquid 
;- Volume or sludge . . 
~ Cunent solid surface level height (Reading SLC) 
~ Ofiglnal solid surface level height (Reading SLH) 
o as or this date: 
L Current liquid level height (Rleadlng LLC) 
2 Original liquid level height (Reading LLH) 
l II of this date: r 
~ Engineer selects source ot SOiids volume (Hanlon;- SLC or LLC) / \ ( \\ 
l Engineer selects sourc, ot lnterstlllal liquid wlum! (Hanlon; ~LC o,_r HS! ::::::, .. 
! Engineer selects sourc1 of 1uperriate vo!ume (Hanlon, S!.C O,·L\.CW · .•.· · \/ 
• ,Supemate density. ff unknown, enter 1.•0. 

Solids density. ff unknown, enter 1.80. 
• Porosity (liquid rractlon) In solids, by assay. II unknown, enter 0.501 . 
:. Porosity (sludge). II unknown, enter 0. UI. 
l Average gas location: rraclion ol ...et aol_id_s from_ bottom 
2 Estimated maximum evaporation · . · · 
! g TOC/l. waste (wet) ·: ::· ... : ... :-\ _' 
I g Al/I. W15te (wet) 
i Average lrapped gas temperature 
i Average solids temperature 
i Power load from published source. II not availble, leave blank. 
i Heat load from published source. H not avalabte, leave blank. (Don't leave both blank.) 
i Tank Farm (A, AN, N', AW, AA, AY, AZ, B, BX. BY, C, S, SX. SY, T, Tl(, TY, U) 
- H2generation rate; <;(H2).:_ lfunknown, entero,, / .·· :::-:: /()( ': ...... . . .. . 

, n sampled, actual H2 value from 11mpllng 
1 II sampled, actual NH3 value from sampling 

'II, H2 In trapped gas, 113 H2/113 trapped gas. H unknown, enter 97'!1.. 

%:o1 ttapped Gt!~ i'e!easabl~? It ~htnowri;·_~ntet ~~,.: ?l\ ft: ·t:::-:-:-: 
Mean a~ pressure on waste surface. 11 un~i •nttid•,~ .... :: 
Add t~ Cunent Surf L vt:. coinpactlon :,:.:,;::,·\.c:-:C :- :.--:,:::• . 
Add to Current Surf Lvt: out leakage 
Add to Current Surf Lvt: pumped out 

Result. or Calculations of Entrapped Gas Volume and '!I. LFL Based on Surfact Level Rise 

I B I 
enter 

enter 
enter 
enter 
enter 
enter ,.:,-... 

. enier 

enter : 
enter 
enter 
enter 

C 

C96/03A 

... ... , .. 
•Gii:/\ 

, . t •f h 
.. : :_: ':;::;:::::-i. , ··· 

D 

AW•105• Data Sources/Comments 

02/27/17 lDNOW 

t 1•5 600 Tank assumed lull with •16 Inches ol waste 
353 725 Tank database+ KE&KW estimate 
791 875 Total waste wlume • solids wlume 

· · -:_., •8 719· · ···· '"""'lnal Solids VOi • ..,...lnil ·norosllY· ·.· .. 
··.,.·:. ,.353 72!F':': :·•: same as SOiids YOlume··:no nltt:ake : · 

110.60 IOrlnnlal Solids volume from Ksluda2.xls 

E 

· ·.-:·- ·. 

enter 

Ill. 

1111• 
Ill. 

Ill. 398.10 .A.ssume 1 vr aas VOiume subtracted to account for Increase 

enter 
enter 
enter 
entor 

enter 
enter 

.,. 

.,. 

,::::::::::::::tt'tM:::,::::::::::::: Al1 sl•"'A• no 11n delaun 

0.160 Default 

.•: --·· 

63 Max temn from SACS 2/17197 
enter 
enter 
enter 

kW 

kW 2.480 Tank OB + max K centrluoed sludae Co and Sr 
AW 

•~ier 
enter 
enter 
enter 

\ ~~;i1i2ii~ii'~f ,:-:::::::::::::1)',~9}::,,::,::::;: Graves' 1nreadsheet for.SAW --,. }:~:z , /J : ,;: ~~j::lj:i::: 
?•iliiir:: ··-:-:-:;:;:-:-:-:- ::1i:1;::,,:::: :,:,:- 0.00 

enter 111. 0.00 
enter 111. 0.00 

•. : .... _. · .. ·.·. 

.·· .. · ·.--CC 

. .. ·.· .. 

· . .. -.:: : 

.· 
. ·. . 

:-: .· 

Add to Current Surf Lvt: measuring error (known or possible Icicle at start, kink In tape now, etc.) 
Add to Current Surf Lvt: any gas contained In original surface level 

enter 111. 0.00 
enter 111. :,,:::::::::,:::::n :at::::::,:,:::::::::: 

I~~ E~ i~~~ i~~ ~~l~:i~~~i~~~I1iij:~l~it1I*iti:1: 
enter Ill. 0.00 

It::t:;::::::::::::::,t::!: ~::J:! \Iitii "'::"':-.•·•:--... ..:::-~..:::::::._.,,:,,, ...... ;:-"°,.,.,"'- .... ...;.,.~,... ..... """";,.:....,...=.;;;.;. ....... =""--.............. =....;._;,;;;;.;..;;;..;.,;==-= .............. - ··_-....... ___ ....... ..., 
: . .,,ter::,:r:::::::::::::::::::::::~ ,r::: ., 0.00 :-,,,.,,,,,,. 

Subl from Current Surf Lvt: cruot expansion by gas 
Subt from Cunent Surf lvt: crystal expansion 
Tank atmospheric: breathing rate - SSlwloFIC (Crippen: 0.•5'!1. naa breathing) 
Tank FIC purge rate (nominally 50-200 cfh) 
Tank Vent Rate 
Tank breathing rate: SST-fie; sSTwf'1c; oit>ST\: 
Ratio ol NH3 % to H2 ,i, : (normaliy 4) .0 . · · · 
Railo o1 CH~ WI to lra,;tion' ol H2 cone. (normally ·Q.020)::\,, 
.A.ssume NH3 vol• this fraction ol trapped gas released ( normally 0.220) 
.A.ssume CH4 vol • this fraction of trapped gas released (normally 0.00) 
Select Confidence Level for Barometric: P1ossure/Surface l-' Correlation 
Slope at 95'!1. confidence 
Slope at 75'!1. confidence 
siope at 50'!1. conlldence · 
OFl Mean · · :_: : :,:_ :. 
OFl Standard ~lion 
Engineer Selects Surface Rise Method: L (Liquid) or S (Solid) 
Engineer ldentlfle1 LIi/ti Mea1urement Condition: SUP, SOL, LIH 
Temperature of Entering />JI. If unknown, ent~r 56.3 F (Year Avg). 
Relative Humidity of Entering />JI. II unknown, enter 50'11.. 

: .·· .: 

Temperature of Vapor In Dome Space (Year Avg) 
RolaUveHumldityot~~;. lfuriknoMi,enteq ~ ; .: •• // ,}}j 

:::c;.~::i::~;., W:~~~""J,~ ~~ :::):,,:}i{:/J:{} (])}/)}:/ :/: : 
Enter Fraction of Heal td In calcUlatfng Vent Rate. I unknown, enter 50'11.. 
Enttr Calculation Res ort Vent Flow Rate on Lines 123-124 

enter 
enter 
entor 

Ill. 

Ill. 

0.00 
0.00 

0.•5'11, enno.n 1993 
. enter ... ..., __ ,;;o ___ ._ _______________________________________ .J 

:·.·•·. :::::::I: ii:\!;;·: e~nl\sltf· ill·:: ·:1 ·11:11: !!!
1
::l!i:!ll!!I! ::!ill!ii!l!ll!!l!I!l :;::::;:::::;:,:::,::m::,:,:::,::;::::;::;: AW. lOS Inlet nominal n-:osr-:::,::::;:-:;::,: SST wlo FIC iSSTxFICl''-SST With FIC fSSTwFICl: or OST ,osn ·. / : ::::,::,,:::-,/:_:. r :,.•:::• :-:-::::::::4 -::::,-:,.-:-·-·.·.· · """klnil"1994 :-: -:;:':': ::::•,::::•,::-: 

:-· 1-·-:•.·..:.···•.,;.:-:•.;·0:a,.020,;;..:.·':'..:.·:,-_.,;.:·..:.·•:.'f.....,,=:J:!:'k::.ln::t.,:1~99,:;•:.; '.;;;·'''-''•:.::,: ~..;;.;""-'.;,.;.;.,,;,..:.,~,;....;...;;.;.;.;;_;..;;;...;._..;._;;;;;,;;,;;.;;;:,;;.;;;:.:;.:_:..:.:,;_.:_..:::,.;...:,;,:;:,;.;_.;.;_;_·_·. _.:.._ __ ~ 
enter 0.220 Assumed. Max• 0.29 DH WHC-EP-0702 . 
entor 0.000 """"In• 199• 
enter 75% 
enter 
enter 

\ iiiiter 

Whftne• 1995b 
Whltn .. 1995b 

. . ::. 

:: ::: ::::~:: :,:;;::,:,:::,:-, . .._ . .;;,....:.,.;,,,;:.,;,,;:;;;,;~ ,~,. l!::~::::::.:=:i .. -"':'=:S-='s~::.:.·:·.~~~ ;;:;;,;,...,..;.;,,,,_..;.;.,.,,;,;;,;,...:..,;;_,....,.--.;.,;,;,;.,.,;.....;..:::.;..:;.:.:........::._...;;._;...;;. __ __.;:;._...;.;-1 

entw 
enter 
enter ... , SUP 

L lllouldl or s ISolldl 
SUf>ISunematel SOL'Solld Surface! UH ILlould In Holtl 

-
.fR XI S 



A 

Results of Calculations or Enlf•~pcd Gas V 

B 

enter 
enter 

C 

C96/03A 

l % LFL Based on Sur1ace level Rise 

E 

KS21YR.XLS 




