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EXECUTIVE SUMMARY 

WCH-503 
Rev. 0 

A significant spill of highly radioactive liquid occurred within the 324 Building B Cell in the 

mid-1980s during preparation of highly radioactive glass test sources for a repository project. 

The heavily shielded hot cell was later partially cleaned up, and there was no knowledge that 

any of the spilled liquid had breached the floor. During the process of removing radioactive 

grout from B Cell's trench and sump in November 2009, Washington Closure Hanford (WCH) 

identified a visible breach in the stainless steel liner at the floor of the sump and began 

investigating whether material had reached the soil. Characterization of soil beneath the B Cell 

using Geoprobe® sample tubes containing radiological instrumentation identified high dose 

rates, up to 8,900 Rad/hr directly below the B Cell floor expansion joints. Samples from 

below B Cell were collected and sample results confirmed high levels of cesium-137 and 

strontium-90 contamination. Characterization efforts to date have indicated that 

contamination has not spread horizontally beyond the building 's footprint and not migrated 

to groundwater. 

This document presents a preliminary evaluation of alternatives for the remediation of highly 

contaminated soil beneath the 324 Building B Cell. The objective of this preliminary 

evaluation is to develop a short list of remediation alternatives that at a later stage would be 

fully developed (i.e ., pre-conceptual design) and analyzed in detail to establish specific 

requirements of the preferred remediation alternative. The scope to accomplish this 

objective includes the following tasks: 

• Development of specific screening criteria consistent with three of the nine Comprehensive 

Environmental Response, Compensation, and Liability Act of 1980 (CERCLA) remedial 

investigation evaluation criteria. The balance of the remedial investigation evaluation criteria 

were either considered qualitatively or discounted based on not providing discrimination 

between remediation methodologies. 

• Identification and initial screening of remediation methodologies. 

® Geoprobe is a registered trademark of Kejr, Inc., Salina, Kansas. 
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• Development and preliminary analysis of remediation alternatives with respect to the 

established specific screening criteria incorporating consideration of qualitative criteria when 

those criteria are significant with respect to determining the desirability of an approach. 

One hundred means and methods for waste removal , stabilization, treatment, packaging , and 

disposal were narrowed down to fourteen remediation alternatives that were evaluated against 

the screening criteria . The Theory of Inventive Problem Solving (TRIZ) process was used to 

think "outside the box" and help develop additional means and methods that were not initially 

considered. 

Two alternatives graded better than the rest, using the pre-established grading criteria . These 

alternatives would stabilize the contamination in place and leave the contamination in situ with a 

cap over the site (Alternatives P and Q). Leaving contamination in place is not consistent with 

the Interim Action Record of Decision for the 300-FF-2 Operable Unit, Hanford Site (Record of 

Decision [ROD]) (EPA 2001) and CERCLA documentation for the 300 Area. In addition , 

regulators (U.S. Department of Energy, Richland Operations, and U.S. Environmental 

Protection Agency) have indicated that they believe in situ alternatives are not acceptable and 

would be unfavorable with respect to qualitative consideration of "modifying criteria ." The 

approach is also unfavorable with respect to balancing criteria "long-term effectiveness and 

permanence," which was not included in the specific screening criteria . If determined to be 

viable, the in situ alternatives would receive a more detailed evaluation beyond attributes 

common to remove, treat, and dispose. 

Four alternatives were not carried forward because of poor evaluations. Alternatives E-1 and 

E-2 involved construction of a new Hazard Category 3 facility , which would pose significant 

schedule, cost, and facility startup risk. Alternative H involved handling of a >1 ,700-ton monolith 

of stabilized soil, which would pose significant project risks and challenges. Alternative R 

involved construction and operation of an in situ vitrification operation, which would pose 

significant schedule, cost, and facility startup risk. These alternatives were not carried forward . 

The alternatives that graded well and were consistent with the existing ROD involved those that 

extract the contaminated soil up through B Cell , utilize the existing facility's ventilation system, 

and take advantage of the existing Radiochemical Engineering Complex hot cell structure for 

containment and shielding (Alternatives A through D) . In general , alternatives that 
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packaged waste into the C and D Cells were favored over those that placed waste in shielding 

waste containers. This minimizes the hazards and risks of multiple waste box loading and 

extraction processes. Among these alternatives, A and D utilized a vacuum system for removal 

of the soil, which caused poor grading on several attributes. 

It is recommended that Alternatives A through D be carried forward for further evaluation, with 

discouragement against using a highly energetic transport mechanism such as a soil vacuum 

for retrieval of the contaminated soil. 
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1.0 INTRODUCTION, OBJECTIVE, AND SCOPE 

This document presents a preliminary evaluation of alternatives for the remediation of highly 
contaminated soil beneath the 324 Building B Cell. The objective of this preliminary 
evaluation is to develop a short list of remediation alternatives that at a later stage will be 
fully developed (i.e ., pre-conceptual design) and analyzed in detail to establish specific 
requirements of the preferred remediation alternative. The scope to accomplish this 
objective includes the following tasks: 

• Development of specific screening criteria consistent with three of the nine Comprehensive 
Environmental Response, Compensation, and Liability Act of 1980 (CERCLA) remedial 
investigation evaluation criteria . The balance of the remedial investigation evaluation criteria 
were either considered qualitatively or discounted based on not providing discrimination 
between remediation methodologies. 

• Identification and initial screening of remediation methodologies 

• Development and preliminary analysis of remediation alternatives with respect to the 
established specific screening criteria incorporating consideration of qualitative criteria when 
those criteria are significant with respect to determining the desirability of an approach. 

During this effort, Washington Closure Hanford's (WCH's) input was solicited to help define 
the working assumptions on which the screening criteria and remediation alternatives were 
based. The process included several meetings between subject matter personnel from 
WCH and WorleyParsons. Table 1 identifies the team members that participated in these 
various meetings. 

Table 1. Team Members. 

Name Title/Role 

Tom Rodovsky Alternatives Analysis Author and Lead 
Mark Morton Alternatives Analysis Author 

Janaka Jayamaha Alternatives Analysis Author 

Steve Marske 324 Project Engineer 
John Gilbert 324/04 Project Management 
Don McBride 324/04 Project Management 
Alan Horner Nuclear Safety 
Edward Urbanawiz TRIZ Coach 

Dwain McMullin TRIZ Coach 
Rick Reeder Radiological Engineer 
Dave Jenkins 324 Operations Manager 

April Wickersham 324 Engineer 
Dave Dalton Waste Management 
Ken Worley Industrial Safety 
Chris Strand Environmental 

D4 = deactivation, decontamination, decommissioning, and demolition 
TRIZ = Theory of Inventive Problem Solving 
WCH = Washington Closure Hanford 
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The 324 Building (Waste Technology Engineering Laboratory) is located in the 300 Area of the 
Hanford Site and was constructed between 1964 and 1966. The building was designed to allow 
for a high degree of versatility in completing complex and varied experimentation on highly 
radioactive materials. These activities included chemical processing and metallurgical 
engineering studies on highly radioactive materials and development of approaches for waste 
treatment and storage. The 324 Building operated until 1996, when the facility stabilization and 
deactivation in preparation for building decommissioning was initiated. Responsibility was 
assumed by WCH in August 2005. 

2.1 BUILDING STRUCTURES, SYSTEMS, AND COMPONENTS 

2.1.1 Building Structures 

The 324 Building is 62.5 m by 71.6 m (205 ft by 235 ft) in plan and 13. 7 m (45 ft) in height above 
ground level. The 324 Building has a partial basement and first, second, and partial third floors. 
The foundation structure is poured-in-place reinforced concrete. The superstructure is insulated 
fluted steel industrial panel supported on a structural steel frame. The parapeted roof has a 
slightly sloped steel deck covered with concrete with gravel-finished built-up roofing. 

The building consists of laboratory and administrative areas . The laboratories include two 
hot-cell facil ities , the Radiochemical Engineering Complex (REC) and the Shielded Materials 
Facility (SMF) , and various low-activity analytical laboratories. The hot cells were used for 
high-activity radiological activities and , as such , are heavily shielded and equipped for 
remote operations. The cells were equipped with cranes ; remote manipulators ; viewing 
windows; and various services including air, water, steam, and electrical power. The low­
activity analytical laboratories were used for "bench top" or small-scale experiments , 
nondestructive examinations, and radiological systems or equipment design development. 

Other support facilities within the 324 Building included the high-level and low-level vault 
areas equipped with tanks for the temporary storage of radioactive liquid wastes and other 
building-generated solutions; storage vault which was used for storing special nuclear 
material ; craft shop; and administrative areas that include office spaces and lunchrooms. To 
protect against releases of radioactive material from the hot cells to the environment, 
integral metal liners with sumps (i.e. , without drains) were installed in the cells and tank 
vaults . Confinement of radioactive particulate matter within the shielded cells is provided by 
a directed airflow through a high-efficiency particulate air (HEPA) filtered ventilation system. 
As a result of residues and internal facility spills during the conduct of past activities, the 
facility contains areas with significant fixed and dispersible mixed waste contamination. 

2.1.2 Building Systems 

2.1.2.1 Air Supply System. The air supply system as well as the venti lation system is divided 
into four zones, Zones I, II , Ill , and IV. Supply air to Zones I, II , Ill and portions of Zone IV of the 
building is provided by the main air supply system, which consists of two fan units providing 
100% outside air. The units are located on the third floor in the ventilation and equipment room. 
Each air supply fan unit is equipped with steam preheat and reheat coils, roughing filters, an air­
washer, and a fan . During normal operation, both units operate. The two air supply units 
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discharge into a common supply air plenum. The supply air is ducted from the supply plenum to 
various portions of the building. Steam reheat coils also are located in the ductwork. 

The REC and SMF cells receive supply air indirectly from adjoining galleries. Cell exhaust duct 
inlets are equipped with nontestable HEPA filters, although unfiltered air also is drawn into the 
cells through cell-wall penetrations. 

Supply air to the office and administrative area (Zone IV) of the building when the facility was 
operating was provided by a separate air supply fan unit (located in Room 317). This system is 
similar to the other two air supply units, except that cooling was provided by a refrigerated 
system and air is recycled. 

2.1.2.2 Exhaust System. The exhaust system, as previously stated, is divided into Zones I, II , 
Ill, and IV. The Zone I exhaust system serves high-activity radioactive areas including the REC, 
SMF, and other areas and enclosures. The cell operating galleries are exhausted directly and 
indirectly by the Zone I exhaust system drawing air into areas (e.g ., REC, SMF) that are 
exhausted directly by the Zone I system. All air exhausted from Zone I is filtered through at 
least one stage of testable HEPA filtration . The Zone I exhaust system has three fans (located 
on the east side of the building), with two typically operating full time and one in reserve. Inlet 
dampers on the exhaust fans are set to maintain the plenum negative pressure up to 6 in. w.g. 
upstream of the final Zone I filter bank. The Zone I fans discharge into the common exhaust 
tunnel on the east side of the building and to the atmosphere through the stack. 

The Zone II exhaust system serves potentially contaminated areas in which low-level 
radioactive materials are handled, such as the cell operating galleries. All air exhausted from 
Zone II is filtered through at least one testable stage of HEPA filtration . The Zone II system has 
two fans (located on the east side of the building) operating full time with no backup fan . Areas 
served by the Zone II system are ducted to the Zone II plenum, which is maintained at a 
negative pressure by setting the inlet dampers on the exhaust fans. The Zone II fans discharge 
into the common exhaust tunnel on the east side of the building and to the atmosphere through 
the stack. 

The Zone Ill and IV exhaust systems are currently no longer in operation. 

2.1.2.3 Electrical Systems. 480/277 V three-phase and lower voltage electrical power service 
is provided via routing of flexible cords from motor control centers. Receptacles for plug and 
cord equipment and direct connections to fixed equipment are provided. Power is required to 
support operating requirements for important-to-safety equipment such as exhaust ventilation , 
and fire detection and alarm. Non-important-to-safety equipment such as supply fans, steam 
condensate pumps, radioactive liquid waste system div~rter, preheat controller, stairwell 
heaters, hand and foot counters, stack probe heaters, and air samplers are also powered as 
required . Fire alarms and emergency lights are equipped with automatic battery backup if the 
alternating current power fails. 

The electrical system may need to be modified or upgraded if additional capacity is needed for 
the operation of proposed remediation equipment. Reconfiguration of power may require 
temporarily propping open, removing , or notching doors or creating a small opening in the 
building shell to run cable. 
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2.1.2.4 Piped Utilities. Sanitary water is supplied from the 300 Area water supply system. 
Water is provided to the 300 Area water supply system by the City of Richland through two 
redundant 15-cm (16-in.) water mains that service the 385 Booster station . The 385 Booster 
station provides water to the 300 Area water grid adequate to service peak demand and fire 
water needs. Water enters the building through the west end of the service tunnel. Water is 
supplied for fire protection use. 

Steam at a nominal pressure of 689 kPa (100 lbf/in2 gauge) may be supplied to the building 
from the 324 BA Boiler Annex, located near the 324 Building. Condensate is recycled and 
returned through two condensate branch lines to a buried main line. Steam enters the building 
through a main in the west end of the service tunnel. Steam is used for heating. Mobile oil-fired 
boilers may be used on a short-term basis in the event that the existing natural gas-fired boiler 
system at the 324 Building requires unplanned maintenance during the winter months. The 
mobile package boiler will be parked in the vicinity of the existing boiler annex. 

Compressed air is supplied from an air compressor and distributed throughout the building. 
Instrument air is additionally supported by an automatically started backup compressor. 
Compressed gases are supplied by cylinders in the facility , on external docks, or on individual 
equipment. Distribution is per manifolds or directly with piping routed to appropriate to systems. 

2.1.2.5 Mechanical Systems. An electric freight elevator is located at the north end of the 
building and serves the basement and first, second, and third floors. In addition cranes and 
hoists are located throughout the building. Some cranes may be tagged out-of-service for 
maintenance, repairs, or due to completion of the crane's mission. 

The REC (B Cell) crane is originally rated for 10 tons; however, based on the lack of 
maintenance and required load testing, the capacity of the crane has been downgraded to 
5.75 tons. 

2.1.3 Building Components 

The REC cells (i.e., A, B, C, D, and Airlock) and associated service areas provided space for 
engineering evaluation of processes involving aqueous and solid radioactive and hazardous 
material. Metallographic investigations of highly radioactive material were also performed. 
Cells equipped with manipulators, remote-operated bridge cranes, closed-circuit television, and 
shielded viewing windows permitted complex experiments to be performed involving highly 
radioactive and hazardous material. Nontestable HEPA filters and an electrostatic precipitator 
(before the filters) were available in B Cell for use during size-reduction and cleanup activities. 

Typical projects historically performed in the REC cells included development and 
characterization of borosilicate glass waste forms for immobilization of Hanford defense waste 
and examination of irradiated spent reactor fuel. More recent activities in the REC cells 
included cleanout of B Cell. The scope of work for B Cell cleanout included removal and 
disposal of old pilot-scale equipment systems, disassembly and size reduction of the B Cell 
racks, and removal of spent nuclear fuel assemblies. 

The B Cell is 6.7 m wide by 7.6 m long by 9.3 m high (22 ft by 25 ft by 30.5 ft) . The cell is 3.0 m 
(10 ft) below grade and extends 6.3 m (20.5 ft) above ground level. The floor and the walls (up 
to 8.2 m [27 ft] high) are lined with stainless steel. The cell is surrounded on three sides by 
operating galleries on the first and second floors and on two sides by an operating gallery at the 
basement level. Shielding walls at the three operating faces are 1.2-m (4-ft) to 1.63-m 
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(5-ft 4-in.)-thick concrete with oil-filled lead glass viewing windows. The B Cell floor is sloped 
toward the Air Lock REC cell where liquids could be collected into a small trench. The small 
trench runs along the east wall of the B Cell (adjacent to the air lock) and is 9.53 cm (3.75 in.) 
deep. The trench slopes toward the northeast corner of the room where a sump resides. The 
sump's dimensions are approximately 0.6 m (2 ft) by 0.6 m (2 ft) and 15 cm (6 in.) in depth . 
During operations, liquids were jetted out periodically as needed. Subsequent to sump and 
trench cleanout, a grout layer was poured over the B Cell floor for stabilization . The grout pour 
average depth is approximately 15 cm (6 in.) and resulted in roughly leveling of the cell floor. 
Various equipment components were incorporated into the grout pour and protrude from the 
grout layer. 

The A Cell has internal floor dimensions of 2.7 m 7.6 cm (9 ft 3 in.) by 6.4 m (21 ft) with an 
internal cell height of 10 m (33 ft) . Stabilization will be performed by placing grout to 
approximately 254 cm (100 in.) above the floor of the cell. Grout will encapsulate the grout 
containers, other discrete items that have been placed on the cell floor including equipment 
removed from B Cell , and the majority of the residual contamination that resides on the lower 
portion of the cell walls and floor. Fixative will be applied to all surfaces within the cell that 
remain above the grout surface. 

The C Cell has internal floor dimensions of 3.7 m by 5.8 m 10 cm (12 ft by 19 ft 4in.) with an 
internal cell height of 4.6 m (15 ft) . The D Cell has internal floor dimensions of 4 m by 6.4 m 
(13 ft by 21 ft) with an internal cell height of 4.9 m (16 ft) . The Airlock REC Cell has internal 
floor dimensions of 6. 7 m by 6.4 m 15 cm (22 ft by 21 ft 6 in.) with an internal cell height of 10 m 
(33 ft) . The pipe trench is located adjacent to the west wall within the airlock cell and runs in the 
north-south direction. 

3.0 SOURCE, NATURE, AND EXTENT OF SOIL CONTAMINATION 

A significant spill of highly radioactive liquid occurred within the 324 Building B Cell in the 
mid-1980s during preparation of highly radioactive glass test sources for a repository project. 
The heavily shielded hot cell was later partially cleaned up, and there was no knowledge that 
any of the spilled liquid had breached the floor. During the process of removing radioactive 
grout from B Cell's trench and sump in November 2009, WCH identified a visible breach in the 
stainless steel liner at the floor of the sump (as depicted in Figure 1) and began investigating 
whether material had reached the soil. A dose profile of the B Cell floor was completed and 
showed 14,400 R/hr at the failed location in the sump floor. Based on the information 
above, some contaminated mate.rial might have leaked to the underlying soil through the 
breached liner and concrete floor expansion joints. 

Characterization of soil beneath B Cell using Geoprobe® sample tubes containing radiological 
instrumentation identified high dose rates, up to 8,900 Rad/hr directly below the B Cell floor 
expansion joints in four "curtains" as shown in Figure 2. The B Cell expansion joint is located 
0.3 m 20 cm (1 ft 8 in.) from each wall. It is continuous around all four walls and is 1.3 cm 
(0.5 in.) thick. It deviates from the 0.3 m 20 cm (1 ft 8 in .) only when it reaches the sump. 
According to historical documentation , the expansion joint is made of asphalt fiber, asphalt cork, 

® Geoprobe is a registered trademark of Kejr, Inc. , Salina, Kansas. 
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Figure 1. Damaged/Failed Liner. 

Figure 2. Soil Contamination. 
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and cork. Characterization data indicate that the contamination has not spread horizontally 
beyond the building's footprint and has not migrated to groundwater. Soil samples indicated 
very high concentrations of radioactive cesium-137 and strontium-90 and low concentrations of 
other radioactive contaminants. 

Nonradiological sampling for leachable toxic metals and state-regulated waste for corrosive 
solids were performed and results were all negative. No waste generated is expected to mixed 
waste. 

4.0 PROJECT ASSUMPTIONS 

The development of screening criteria and remediation alternatives was based on the following 
enabling assumptions. 

• The U.S. Department of Energy (DOE)- and U.S. Environmental Protection Agency (EPA)­
approved CERCLA documents covering the 300 Area soil remediation and deactivation, 
decontamination , decommissioning , and demolition (04) activities will not be amended for 
proposed alternatives that are consistent with the preferred remedial alternative (i.e. , 
remove, treat, and dispose [RTD]) specified in these documents. 

• Revisions to the current (WCH-140) or new documented safety analysis for 324 Facility 
decommissioning will be required under any of the proposed alternatives; however, the level 
of effort will be determined based on the specific alternative. 

• Various barrier and in situ remediation alternatives are being evaluated solely as a 
comparison to the various RTD alternatives. Even if these alternatives receive a high 
ranking based on the developed screening criteria , a strong argument will be required for 
their inclusion as a short-listed alternative given that they are not consistent with the 
preferred remediation alternative for the 300 Area, which has received regulator and public 
acceptance and are unfavorable with respect to other CERCLA remedial investigation 
evaluation criteria . 

• For remediation alternatives that challenge current environmental and regulatory standards 
and guidelines and that receive a high ranking based on the developed screening criteria , a 
concerted effort by the DOE, EPA, and other regulatory agencies will be required for their 
inclusion as a short-listed alternative. 

• For RTD alternatives, the end state for the removal action will be the point where remaining 
soil contamination beneath B Cell can be removed using standard removal methods. The 
upper threshold for use of standard removal methods is taken to be radiological inventories 
less than Hazard Category 3 levels (DOE-STD-1027-92, Change Notice 1). 

• Given the current condition of the 324 Building structures, systems, and components 
(SSCs) , the air supply, exhaust, electrical, and mechanical systems will require servicing, 
refurbishment, modification , and/or upgrade prior to implementation of any alternative 
requiring the use of these SSCs. 
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• Continued surveillance and maintenance of the SSCs will be required during alternative 
implementation. 

• All soil removal and handling activities conducted within the 324 Building B Cell will be done 
remotely. 

• After stabilization of the contaminated soil , the resulting waste is assumed to not be 
transuranic or Greater-Than-Class C. 

• Generated waste will meet the Environmental Restoration Disposal Facility (ERDF) 
waste acceptance criteria and ERDF supplemental waste acceptance criteria and federal 
and state land disposal restrictions prior to disposal at ERDF. 

5.0 DEVELOPMENT OF SCREENING CRITERIA 

The remediation of highly radioactive soil beneath the 324 Building B Cell will be performed 
under the existing Interim Action Record of Decision for the 300-FF-2 Operable Unit, Hanford 
Site (Record of Decision [ROD]) (EPA 2001) ; therefore, the CERCLA evaluation criteria as 
shown in Figure 3 were selected as a well-established base for developing screening criteria. 

Figure 3. CERCLA Criteria. 
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The CERCLA evaluation criteria are divided into three distinct groups: (1) modifying criteria , 
(2) threshold criteria , and (3) balancing criteria . 

The modifying criteria are considered after the ROD has been released to the public for review 
and include the following : (1) lead regulator acceptance and (2) community acceptance. The 
modifying criteria will not explicitly be included in this evaluation, although a thorough 
understanding of regulators' and community concerns will be maintained throughout this 
evaluation. 

The threshold criteria relate to statutory requirements that each alternative must satisfy in order 
to be eligible for selection and include the following: (1) overall protection of human health and 
the environment, and (2) compliance with applicable or relevant and appropriate requirements. 
All of the proposed remediation alternatives included in this evaluation have met the threshold 
criteria . 

The balancing criteria are the technical criteria upon which the detailed analysis of alternatives 
is primarily based. The criteria include the following : 

1. Long-term effectiveness and permanence 
2. Reduction of toxicity, mobility, or volume through treatment 
3. Short-term effectiveness 
4. Implementability 
5. Cost. 

The first two balancing criteria are essentially equivalent for all of the RTD alternatives, because 
each alternative includes the removal , treatment (if required to meet the disposal facility's waste 
acceptance criteria) , and disposal of soil. With respect to comparison of the RTD to the in situ 
options, the first two balancing criteria are assumed to be overall less favorable for the in situ 
approaches. The remaining three balancing criteria (i.e. , short-term effectiveness, 
implementability, and cost) will be used to evaluate and compare the remediation alternatives. 
(A decision to include several in situ alternatives in the process was made after establishing the 
screening criteria focusing on RTD. If determined to be viable, the in situ alternatives would 
receive further evaluation against attributes not common to RTD alternatives.) 

Under the short-term effectiveness criterion, alternatives are evaluated with respect to their 
effects on human health and the environment during implementation of the remediation 
alternative. The implementability criterion addresses the technical and administrative feasibility 
of implementing an alternative and the availability of various services and materials required 
during its implementation. The cost criterion accounts for administrative, design, equipment and 
materials, construction, and operation costs. These costs are typically captured in a life-cycle 
cost. 

5.1 ATTRIBUTES, WEIGHT FACTORS, AND ATTRIBUTE VALUES 
AND MEASURES 

The balancing criteria , short-term effectiveness, implementability, and cost, are divided into 
various attributes. Each attribute is assigned a weight factor between 1 and 4 to appropriately 
capture key features of the project. In addition, values and corresponding value measures were 
developed for each attribute to capture how well a remediation alternative meets each of the 
criteria . The values are between 1 and 8, with 8 being the highest or best score. Value 
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measures were developed as either a direct measure or proxy measure. A direct measure 
focuses on the attribute (e.g ., the amount of dollars is a direct measure of cost) . If a direct 
measure is not available, a proxy measure is used. A proxy measure focuses on an important 
related measure. For example, the number of subsystems or processes of a remediation 
alternative may be used as a proxy for ability/ease to construct/operate. Value measures were 
developed by WorleyParsons based on available information and later refined based on input 
from WCH subject matter personnel and the key regulators (U.S. Department of Energy, 
Richland Operations Office [DOE-RL] and EPA). 

Tables 2, 3, and 4 provide descriptions for the attributes, weight factors, and the value 
measures. To eliminate bias, grading of alternatives, attribute values, and value measures 
shown in Table 4 were developed prior to development of remediation alternatives and were 
agreed upon with the regulators (DOE-RL and EPA). 

Table 2. Attributes. (2 Pages) 

CERCLA Attributes Description 
Criteria 

Short-Term Radiation Radiation hazards associated with a piece of 
Effectiveness Safety/ALARA equipment 

Radiation hazards associated with a process 

Industrial and Industrial and occupational hazards associated with a 
Occupational Safety piece of equipment 

Industrial and occupational hazards associated with a 
process 

Air Impacts Potential for unmitigated air releases to the off-site 
receptor 

Contamination Control Level of contamination control measures required to 
mitigate potential releases 

Implementability Administrative Level of preparation , review, and approval of quality 
Feasibility assurance documentation 

Level of preparation, review, and approval of safety 
basis documentation 

Level of preparation , review, and approval of project 
readiness documentation 

Proven Level of maturity of a technology/process 
Technology/Process 

Ability to Construct Number of subsystems or processes required for 
and Operate construction and operation (i.e., the greater number of 

subsystems or processes, the more difficult it is to 
construct and operate) 

Availability of Number of contractors/manufacturers available to 
Equipment and provide services/equipment 
Services 

Adaptability of Capability of a piece of equipment to accomplish 
Equipment multiple applicable tasks (e.g. retrieval , treatment, 

stabilization , digging, breaking up concrete) 

Capability of a piece of equipment to be remotely 
operated and operated in a highly contaminated 
environment 
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Table 2. Attributes. (2 Pages) 

CERCLA 
Attributes Description Criteria 

Waste Treatment Availability and location of approved waste treatment 
facilities 

Level of treatment adds to project complexity 

"Waste treatment" was assumed to be that needed to 
meet land disposal requirements 

Waste Packaging Type and size of waste container 

Level of packaging adds to project complexity. 
Waste Transportation Waste transportation classification and requirements 

Difficulty in transporting the treated soil to the disposal 
site 

Waste Disposal Availability of waste storage and disposal facilities 

Task Duration Total number of man-weeks for the identified tasks 

Total duration for alternative including demolition of 
the 324 Building 

Cost Cost Administrative costs 

Design costs 

Equipment costs 

Site preparation costs 

Soil removal costs 

Soil packaging, transportation , treatment (if required) , 
and disposal costs 

ALARA = as low as reasonably achievable 
CERCLA = Comprehensive Environmental Response, Compensation, and Liability Act of 1980 

Table 3. Weight Factors. 

Weight Factor Description 

4 Critical - Critical items that must be achieved or performed as designed for the 
project to be successful. 

3 Major - Important items that if not achieved or performed as designed can have 
a significant impact to the project. 

2 Moderate - Items to be considered for the alternative and overall project 
success . 

1 Minimal - Items for consideration in the decision process. 
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Table 4. Attribute Values and Value Measures. (3 Pages) 

Value 

Attribute 8 (Best) 7 6 5 4 3 2 1 (Worst) 

Value Measure 
Radiation In order to assess the associated radiation hazards in a piece of equipment or process, the likelihood and consequences are given a 
Safety/ALARA number from 1 to 5. The greater this likelihood or consequence number is, the more likely or severe the accident or negative event 

occurring in the selected process or piece of equipment. The likelihood ranking is multiplied by the consequence ranking to reach a "risk 
priority number" (RPN) for the purposes of evaluating both likelihood and consequence simultaneously. The ranking will be based on a 
common set of processes/items. 

Industrial Safety In order to assess the associated industrial hazards in a piece of equipment or process, the likelihood and consequences are given a 
number from 1 to 5. The greater this likelihood or consequence number is, the more likely or severe the accident or negative event 
occurring in the selected process or piece of equipment. The likelihood ranking is multiplied by the consequence ranking to reach a "risk 
priority number" (RPN) for the purposes of evaluating both likelihood and consequence simultaneously. The ranking will be based on a 
common set of processes/items. 

Air Impacts No potential for Slight Moderate High potential for 
unmitigated air potential for potential for unmitigated air 
release (i.e., unmitigated unmitigated release (i.e., 
release fraction air release air release release fraction 
of 0) (i.e. , release (i.e., release of 1) 

fraction of fraction of 
10"6) 10-3) 

Contamination No Operation Operation Design and Major Design and 
Control contamination or performed performed construction modification construction of 

minimal control using existing using existing of new to Hazard new Hazard 
measures Hazard Hazard Hazard Category 2 Category 2 SC 
required (i .e., Category 3 Category 2 Category 3 SC SSCs SSCs 
soil stabilization, ITS SSCs SC SSCs ITS SSCs 
dust 
suppressant) 

Administrative Feasibility 
Quality Assurance General services General General General DOE O 414.1 DOE O 414.1 
Requirements ITS services ITS services ITS services ITS QAP QAP 

Safety Basis DOE-STD-1120 DOE-STD- DOE-STD- DOE-STD- PSAR and PSAR and 
Documentation DSA 1120 or 3011 3009 SAR 3011 DSA DOE SAR DOE-STD-3009 

DSA SAR ~ 
;u () 
(1) "f 
< 0, 
. 0 
ow 



Table 4. Attribute Values and Value Measures. (3 Pages) 

Value 
Attribute 8 (Best) 7 6 5 4 3 

Value Measure 
Project Readiness Readiness Readiness ORR by ORR by 

assessment assessment DOE-RL DOE-RL 
authorization authorization 

Proven System or System or Full-scale; Engineering/pilot- Laboratory Component 
Technology/Process process process similar scale; similar scale; similar and/or 

operated over completed and (prototypical) (prototypical) system or system 
full range of qualified system or system or process validation in 
expected through test process process validation in laboratory 
conditions and demon trated demonstrated in laboratory environment 

demonstration in relevant relevant environment 
environment environment 

Ability to Construct Less than or Less than or Less than or 
and Operate (# of equal to two equal to five equal to 10 
Subsystems or 
Processes) 

Availability of More than five Less than or Less than or 
Equipment/Services equal to five equal to 
(# of Contractors) three 

Adaptability of Equipment can Equipment can 
Equipment be used to be used to 

accomplish more accomplish two 
than two tasks tasks 

Waste Treatment No treatment Treatment Treatment Treatment 
required completed at completed completed 

onsite within the outside the 
disposal 324 Building 324 Building 
facility 

Waste Packaging No packaging ERDF roll- ERDF roll- ERDF plastic swc Shielded 
required on/roll-off on/roll-off wrap (for 208-L 

container with container with monoliths) (55-gal) drum 
no shielding shielding or other 

appropriately 
....... sized drum 
w 

2 I 

ORR by 
DOE-RL 
authorization 

Analytical and 
experimental 
critical function 
and/or 
characteristic 
proof of 
concept 

Less than or 
equal to 15 

Treatment 
completed at 
off-site 
treatment 
facility 

Cask 

1 (Worst) 

ORR by 
Secretary of 
U.S. Department 
of Energy 
Authorization 
(DOE-HQ) 

Technology 
concept and/or 
application 
formulated 

More than 15 

One 

Equipment can 
only be used to 
accomplish one 
task 

No treatment 
available 

No packaging 
available 

::§: 
:::0 () 
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Table 4. Attribute Values and Value Measures. (3 Pages) 

Value 

Attribute 8 (Best) 7 6 5 4 

Value Measure 
Waste No DOT DOT-equivalent 
Transportation transportation compliant; shipped under a 

required Type A SPA; Type A 
container container 

Waste Disposal No disposal Disposal at Storage at 
required ERDF ewe 

pending 
disposal to 
WIPP 

Duration The total number of man-weeks for a given task is a direct measure of task duration 

Cost The total amount of dollars is a direct measure of cost 

ALARA = as low as reasonably achievable 
ewe = Central Waste Complex • 
DOE-HQ= U.S. Department of Energy, Headquarters 
DOE-RL = U.S. Department of Energy, Richland Operations Office 
DOT = U.S. Department of Transportation 
DSA = documented safety analysis 
ERDF = Environmental Restoration Disposal Facility 
ITS = important-to-safety 
ORR = operational readiness review 
PSAR = preliminary safety analysis report 
OAP = quality assurance program 
SAR = safety analysis report 
SC = safety class 
SSC = system, structure, or component 
SPA = special packaging authorization 
SWC = shielded waste container 
WIPP = Waste Isolation Pilot Plant 

3 2 

DOT 
compliant; 
Type B 
container 

Storage at 
ewe with no 
disposition 
pathway 

I 1 (Worst) 

No storage or 
disposition 
pathway 
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A decision matrix, as shown in Table 5, was created as a tool to compare the remediation 
alternatives. For each alternative, a value is assigned for each attribute based on the value 
measures. The value is then multiplied by the corresponding weight factor for that attribute and 
then summed to obtain a weighted total. The alternative with the highest weighted total 
receives a rank of 1. Table 5 provides an example of how grading among the alternatives would 
occur for a hypothetical set of alternatives. Section 8.0 provides the completed decision matrix 
for the evaluated alternatives. 

Table 5. Example of Decision Matrix. 

Remediation Alternative 
CERCLA Criteria Attribute Weighting 

1 

Short-Term Effectiveness 
Radiation Safety/ALARA 4 1 

Industrial and 
4 4 Occupational Safety 

Air Impacts 2 6 

Contamination Control 2 3 

Implementability Administrative 
4 7 Feasibility 

Proven Technology/ 
3 4 

Process 

Ability to Construct and 
3 3 Operate 

Availability of 
3 5 Equipment/Services 

Adaptability of 
2 3 Equipment 

Waste Treatment 1 8 

Waste Packaging 1 2 

Waste Transportation 1 1 

Waste Disposal 1 5 

Duration 2 6 

Cost Cost 2 3 

Weighted Total 142 

Rank 5 
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6.0 IDENTIFICATION AND SCREENING OF REMEDIATION 
MEANS AND METHODS 

6.1 IDENTIFICATION OF REMEDIATION METHODS 

Between November 2010 and May 2011 , as information was being gathered regarding the 
nature and extent of soil contamination beneath the 324 Building B Cell , WorleyParsons began 
to compile a list of remediation means and methods potentially applicable to this project. This 
list was developed using information available from EPA, DOE, and other sources, as well as 
through discussions with engineers, scientists, and vendors working in specific technology focus 
areas. 

In addition to the resources discussed above, WCH contracted Savannah River Theory of 
Inventive Problem Solving (TRIZ) innovation facilitators to work with WorleyParsons personnel 
to investigate the use of TRIZ. The facilitators were used to identify possible innovative 
solutions to address the soil contamination beneath the 324 Building B Cell. 

TRIZ is a problem solving method based on logic and data, not intuition, which 
accelerates the project team's ability to solve these problems creatively. TRIZ 
also provides repeatability, predictability, and reliability due to its structure and 
algorithmic approach. G.S. Altshuller and his colleagues in the former U.S.S.R. 
developed the method between 1946 and 1985. TRIZ is an international science 
of creativity that relies on the study of the patterns of problems and solutions, not 
on the spontaneous and intuitive creativity of individuals or groups. 

The results of the TRIZ investigation are presented in WCH-481 , TRIZ Innovation Process 
Report for Hanford 324 Building B-Ce/1 Soil Contamination Project. The pertinent means and 
methods identified from the TRIZ investigation were included in the full list of remediation means 
and methods, which is presented in Appendix A. 

As not to prejudice the process, the list as presented in Appendix A is organized according to 
how the remediation means and methods were identified. No attempt was made to determine 
the applicability of each , only to describe each in enough detail to allow for such an assessment 
at a later stage. Where available, website links describing the methods in more detail are 
provided. 

The resultant remediation means and methods list covers a wide variety of types, including the 
following : 

• General information 
• Stabilization (both radiological and structural) 
• Removal 
• Waste disposal 
• Safe storage 
• In situ treatment. 
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6.2 SCREENING OF REMEDIATION MEANS AND METHODS 

An initial screening of 100 means and methods was undertaken to eliminate means and 
methods from further consideration based on applicability to the 324 Building B Cell soil 
remediation project. Due to the unique challenges and hazards posed by this project, numerous 
means and methods considered applicable to less challenging situations simply were not 
feasible under current conditions. The criteria used for the initial screening are shown in 
Table 6. Appendix B summarizes the results of the initial screening of means and methods. 

Table 6. Criteria for Initial Screening of Remediation Means and Methods. 

General Information - No specific stabilization , removal , or waste disposal M&Ms are 
included in these items and as such were not included in any remediation alternative. It 
may be suggested that during conceptual or detailed design of selected remediation 
alternative, another review of these items be made to possibly enhance or apply 
lessons learned identified in these M&Ms to the selected remediation alternative. 

Too Much Unconfined Liquid - The M&M involved injecting some form of liquid into the 
contaminated soils with the intent to mobilize the contaminants. While further 
confinement with a newly installed vertical and horizontal barrier could be added, further 
confinement would add cost, schedule, and complexity to deployment of any of these 
M&Ms. 

Partial Solution - These M&Ms were too target specific. Only a portion of or certain 
target radionuclides were affected while possibly affecting other contaminants, but 
would need further combinations of M&Ms to remove the full range of project 
contaminants. 

Double Handling of Waste Matrix - These M&Ms involved treatment or further handling 
of the contaminated soils after removal to the extent that large/shielded confinements, 
facilities , or equipment would have to be constructed or installed to implement the M&M. 
In many cases, generation of a secondary waste was involved, whose volume could be 
significant and designation likely mixed waste because of the treatment 
processes/chemical used. 

Other/Experimental - The M&Ms that have demonstrated some success in the 
laboratory or appear to be niche-type remediation techniques, but not fully deployed or 
practical for either the size or contamination levels to be encountered. 

M&M = mean and method 

7.0 DEVELOPMENT OF REMEDIATION ALTERNATIVES 

The remediation means and methods retained from the initial screening described in 
Section 6.2 were combined to formulate a range of remediation alternatives to address the 
contaminated soil beneath the 324 Building B Cell. That process initially resulted in the 
development of 25 different remediation alternatives using various solidification/stabilization, 
removal, and treatment means and methods, waste packages, and disposal options. As more 
information and characterization data became available, the list of remediation alternatives was 
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reduced to 14. This reduction accounts for the missing letters in the remediation alternatives 
listing and was due to the following: 

• Seven remediation alternatives (Alternatives I, J, K, L, M, N, and 0) that involved packaging 
of waste for Central Waste Complex (CWC) storage were removed once characterization 
data were available allowing for a base project assumption that the stabilized/shielded soil 
would be disposed at ERDF. Because disposal of waste at ERDF is substantially less 
complicated than storage of the waste at ewe and then shipping the waste to the Waste 
Isolation Pilot Plant for disposal, it was assumed that the only disposal options that would 
ultimately be selected would be to bury the waste at ERDF. Consequently, all remediation 
options that were defined to send the waste to CWC for storage and then ultimately ship the 
waste to the Waste Isolation Pilot Plant for disposition were dropped from consideration . 

• Two remediation alternatives were determined to rely on a removal method that included a 
large volume of unconfined liquids (Alternatives F-1 and F-2) . 

• Two remediation alternatives were determined to allow uncontrolled/unmitigated air releases 
that were unacceptable (Alternatives G-1 and G-2). 

The 14 remaining remediation alternatives are summarized in Table 7. Appendix C provides 
additional details for each alternative including major assumptions, readiness/nuclear safety 
expectations, and means and methods used. 

The nomenclature for "-1 " and "-2" alternatives used in Table 7 is clarified below. The 
preparation and removal steps are very similar between a given set of "-1 " and "-2" alternatives, 
the only difference is that the "-1 " alternatives use a liner and shielded waste container for waste 
disposal, while in the "-2" alternatives the waste soil is mixed with grout and pumped to the 
324 Building C and D Cells for removal later as a monolith . 

Table 7. Remediation Alternatives for Evaluation. (5 Pages) 

Remediation Alternative Description Alternative 
Removal of contaminated soil beneath B Cell will be completed within B Cell using the 
combination of a small remotely operated excavator and a vacuum soil removal system 
(i.e., Guzzler). The existing B Cell structure will be stabilized (e.g., micropiling) to ensure it 
is not undermined. A breaker and saw designed for use on the small remotely operated 
excavator will be used to break through the steel liner and concrete floor along the 
expansion joints. The vacuum soil removal system will then be used to remove the soil 
using a vacuum. The soil will be transferred from the collector on the vacuum soil 

A-1 removal system into a waste box liner and mixed with clean grout pumped from outside of 
B Cell into B Cell for waste stabilization and shielding. When full, the waste box liner will 
be placed into a shielded waste container located within the airlock using the B Cell crane. 
The waste box will then be removed from the airlock using a dedicated crane, loaded onto 
a truck, and transported to ERDF for disposal. This process will continue until the 
contaminated soil and cobbles from beneath B Cell have been removed to pre-
established criteria. Following soil removal , the excavated area will be backfilled with a 
CDF. 
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Removal of contaminated soil beneath 8 Cell will be completed within 8 Cell using the 
combination of a small remotely operated excavator and a vacuum soil removal system 
(i.e., Guzzler) . The existing 8 Cell structure will be stabilized (e.g., micropiling) to ensure 
it is not undermined. A breaker and saw designed for use on the small remotely operated 
excavator will be used to break through the steel liner and concrete floor along the 
expansion joints. The vacuum soil removal system will then be used to remove the soil 
using a vacuum. The soil will be transferred from the collector on the vacuum soil 
removal system into a mixing container. Concurrently, clean grout will be pumped from 
outside of 8 Cell into 8 Cell and thoroughly mixed with the soil material. Following mixing, 
the soil-grout mixture will be pumped into C and/or D Cells. This process will continue 
until the contaminated soil and cobbles from beneath 8 Cell have been removed to pre-
established criteria. The C and D Cells will be removed , loaded onto a multi-wheeled 
transport vehicle, and disposed of to ERDF as monoliths (as part of the 324 baseline 
plan). Following soil removal, the excavated area will be backfilled with a CDF. 

Removal of contaminated soil beneath 8 Cell will be completed within 8 Cell using a small 
remotely operated excavator. The existing 8 Cell structure will be stabilized (e.g., 
micropiling) to ensure it is not undermined. A breaker and saw designed for use on the 
small remotely operated excavator will be used to break through the steel liner and 
concrete floor along the expansion joints. Following removal of the concrete floor, the soil 
will be stabilized by pumping a low-strength grout into the soil using a direct-push drill rig, 
jet-grouting equipment, or equivalent. Using the small remotely operated excavator with a 
bucket attachment, contaminated soil will then be excavated and directly loaded into a 
waste box liner and mixed with clean grout pumped from outside of B Cell into B Cell for 
waste stabilization and shielding. When full, the waste box liner will be placed into a 
shielded waste container located within the airlock using the 8 Cell crane. The waste box 
will then be removed from the airlock using a dedicated crane, loaded onto a truck, and 
transported to ERDF for disposal. This process will continue until the contaminated soil 
and cobbles from beneath 8 Cell have been removed to pre-established criteria. 
Following soil removal , the excavated area will be backfilled with a CDF. 
Removal of contaminated soil beneath 8 Cell will be completed within 8 Cell using a small 
remotely operated excavator. The existing 8 Cell structure will be stabilized (e.g., 
micropiling) to ensure it is not undermined. A breaker and saw designed for use on the 
small remotely operated excavator will be used to break through the steel liner and 
concrete floor along the expansion joints. Following removal of the concrete floor, the soil 
will be stabilized by pumping a low-strength grout into the soil using a direct-push drill rig , 
jet-grouting, or equivalent. Using the small remotely operated excavator with a bucket 
attachment, contaminated soil will then be excavated and directly loaded into a mixing 
container. Concurrently, clean grout will be pumped from outside of 8 Cell into 8 Cell and 
thoroughly mixed. Following mixing, the soil-grout mixture will be pumped into C and/or 
D Cells. This process will continue until the contaminated soil and cobbles from beneath 
B Cell have been removed to pre-established criteria. The C and D Cells will be removed , 
loaded onto a multi-wheeled transport vehicle, and disposed of to ERDF as monoliths (as 
part of the 324 baseline plan). Following soil removal , the excavated area will be 
backfilled with a CDF. 
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Removal of contaminated soil beneath B Cell will be completed within B Cell using the 
combination of a small remotely operated excavator and mud rotary drill rig . The existing 
B Cell structure will be stabilized (e.g., micropiling) to ensure it is not undermined. 
A breaker and saw designed for use on the small remotely operated excavator will be 
used to break through the steel liner and concrete floor along the expansion joints. 
Following removal of the concrete floor, the mud rotary drill rig will be used to remove the 
contaminated soil and cobble. Grout will be used as the drilling fluid and will be supplied 
from outside of B Cell. The waste-grout mixture created through the drilling process will 
be pumped into a waste box liner with no additional grout added. When full , the waste 
box liner will be placed into a shielded waste container located within the airlock using the 
B Cell crane. The waste box will then be removed from the airlock using a dedicated 
crane, loaded onto a truck, and transported to ERDF for disposal. This process will 
continue until the contaminated soil and cobbles from beneath B Cell have been removed 
to pre-established criteria. Following soil removal , the excavated area will be backfilled 
with a CDF. 
Removal of contaminated soil beneath B Cell will be completed within B Cell using the 
combination of a small remotely operated excavator and mud rotary drill rig . The existing 
B Cell structure will be stabilized (e.g. , micropiling) to ensure it is not undermined. 
A breaker and saw designed for use on the small remotely operated excavator will be 
used to break through the steel liner and concrete floor along the expansion joints. 
Following removal of the concrete floor, the mud rotary drill rig will be used to remove the 
contaminated soil and cobble. Grout will be used as the drilling fluid and will be supplied 
from outside of B Cell. The soil-grout mixture created through the drilling process will be 
pumped into C and/or D Cells. This process will continue until the contaminated soil and 
cobbles from beneath B Cell have been removed to pre-established criteria. The C and 
D Cells will be removed , loaded onto a multi-wheeled transport vehicle, and disposed of to 
ERDF as monoliths (as part of the 324 baseline plan). Following soil removal , the 
excavated area will be backfilled with a CDF. 

Removal of contaminated soil beneath B Cell will be completed using the combination of a 
small remotely operated excavator, an air knife, and a vacuum soil removal system (i.e., 
Guzzler). The existing B Cell structure will be stabilized (e.g., micropiling) to ensure it is 
not undermined. A breaker and saw designed for use on the small remotely operated 
excavator will be used to break through the steel liner and concrete floor along the 
expansion joints. Following removal of the concrete floor, the soil will be stabilized by 
pumping a low-strength grout into the soil using a direct-push drill rig , jet-grouting 
equipment, or equivalent. The air knife and the vacuum soil removal system will then be 
used to break and remove the stabilized soil , respectively. The soil will be transferred 
from the collector on the vacuum soil removal system into a waste box liner and mixed 
with clean grout pumped from outside of B Cell into B Cell for waste stabilization and 
shielding. When full , the waste box liner will be placed into a shielded waste container 
located within the airlock using the B Cell crane. The waste box will then be removed 
from the airlock using a dedicated crane, loaded onto a truck, and transported to ERDF 
for disposal. This process will continue until the contaminated soil and cobbles from 
beneath B Cell have been removed to pre-established criteria. Following soil removal , the 
excavated area will be backfilled with a CDF. 
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Removal of contaminated soil beneath B Cell will be completed within B Cell using the 
combination of a small remotely operated excavator, an air knife, and a vacuum soil 
removal system (i.e. , Guzzler). The existing B Cell structure will be stabilized (e.g., 
micropiling) to ensure it is not undermined. A breaker and saw designed for use on the 
small remotely operated excavator will be used to break through the steel liner and 
concrete floor along the expansion joints. Following removal of the concrete floor, the soil 
will be stabilized by pumping a low-strength grout into the soil using a direct-push drill rig , 
jet-grouting equipment, or equivalent. The air knife and the vacuum soil removal system 
will then be used to break and remove the soil , respectively. The soil will be transferred 
from the collector on the vacuum soil removal system into a mixing container. 
Concurrently, clean grout will be pumped from outside of B Cell into B Cell and thoroughly 
mixed within the mixing container. Following mixing , the soil-grout mixture will be pumped 
into C and/or D Cells. This process will continue until the contaminated soil and cobbles 
from beneath B Cell have been removed to pre-established criteria. The C and D Cells 
will be removed , loaded onto a multi-wheeled transport vehicle, and disposed of to ERDF 
as monol iths (as part of the 324 baseline plan). Following soil removal , the excavated 
area will be backfilled with a CDF. 

Soil removal operations will be conducted within a new Hazard Category 3 facility located 
adjacent to the 324 Building. The new Hazard Category 3 facility will have a footprint of 
approximately 12 m by 12 m (40 ft by 40 ft) , not including laybacks and a ramp for 
equipment access, and be constructed approximately 3 to 6 m (10 to 20 ft) below grade. 
The Category 3 facility will include a shielded room, filter room, and an airlock, all housed 
with in a metal building . The shielded room and filter room will be connected to the 
324 Building ventilation system. Removal of contaminated soil beneath B Cell will be 
completed by drilling a series of horizontal boreholes using a mud rotary drill rig . Grout 
will be used as the drilling fluid and wil l be supplied from outside of the shielded room. 
The waste-grout mixture created through the drilling process will be pumped into a waste 
box liner with no additional grout added. When full , the waste box liner will be placed into 
a shielded waste container located within the airlock using a crane. The waste box will 
then be removed from the airlock using the same crane, prepared for shipment, and 
transported to ERDF for disposal. This process will continue until the contaminated soil 
and cobbles from beneath B Cell have been removed to pre-established criteria. 
Following soil removal , the excavated area will be backfilled with a CDF and D4 of the 
new Hazard Category 3 facility would occur. 

Soil removal operations will be conducted within a new Hazard Category 3 facility located 
adjacent to the 324 Building. The new Hazard Category 3 facility will have a footprint of 
approximately 12 m by 12 m (40 ft by 40 ft) , not including laybacks and a ramp for 
equipment access, and be constructed approximately 3 to 6 m (10 to 20 ft) below grade. 
The Hazard Category 3 facility will include a shielded room , filter room, and an airlock, all 
housed within a metal building . The shielded room and filter room will be connected to 
the 324 Building ventilation system. Removal of contaminated soil beneath B Cell will be 
completed by drilling a series of horizontal boreholes using a mud rotary drill rig. Grout 
will be used as the drilling fluid and will be supplied from outside of the shielded room. 
The waste-grout mixture created through the drill ing process will be pumped into C and/or 
D Cells. The C and D Cells will be removed , loaded onto a multi-wheeled transport 
vehicle, and disposed of to ERDF as monoliths (as part of the 324 baseline plan) . This 
process will continue until the contaminated soil and cobbles from beneath B Cell have 
been removed to pre-established criteria. Following soil removal , the excavated area will 
be backfilled with a CDF and D4 of the new Hazard Category 3 facility would occur. 
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With the structure in place and an operational building ventilation system, a drill rig will be 
placed into B Cell and holes will be drilled to provide access to soil beneath B Cell. 
Contaminated soil will be stabilized by pumping a high-strength grout into the underlying 
soil using a direct-push drill rig , jet-grouting equipment, or equivalent through the access 
holes. Clean grout will be mixed outside of B Cell and supplied into B Cell. Following 
stabilization activities, 324 Building D4 will occur and the area surrounding B Cell will be 
excavated to a depth that will allow for the removal of the contaminated soil as a monolith. 
Horizontal steel members will be driven through/beneath the monolith to support lifting of 
the monolith . Confinement/shield walls will be formed and poured around the stabilized 
soil matrix to engage the ends of the horizontal steel members. Removal of the 
contaminated soil monolith will be completed in an open air environment. The exterior of 
the monolith concrete walls and bottom will need to be stabil ized during preparation for 
transport to meet transport/disposal requirements. The newly formed monolith will be 
loaded onto a multi-wheeled transport vehicle with a very large gantry crane on the 324 
site and transported to ERDF for disposal. A large gantry crane will be needed at ERDF 
for unloading of the monolith . 
With the structure in place and an operational building ventilation system, a drill rig will be 
placed into B Cell and holes will be drilled to provide access to soil beneath B Cell. 
Contaminated soil will be stabilized by pumping a high-strength grout into the underlying 
soil using a direct-push drill rig , jet-grouting equipment, or equivalent through the access 
holes. Clean grout will be mixed outside of B Cell and supplied into B Cell. After soil 
stabilization is completed , grout will be placed in the bottom of B Cell to stabilize the most 
contaminated portions of B Cell. Following stabilization and D4 of the majority of the 324 
Building, the stabilized monolith (consisting of the bottom of B Cell and the contaminated 
soil) will be left in place and an engineered cap will be constructed over the newly formed 
monolith to prevent infiltration of water. Long-term surveillance and maintenance of the 
site will occur. 
With the structure in place and an operational building ventilation system, the bottom of 
B Cell will be filled with grout material to stabilize contamination . Following the demolition 
of the 324 Building including the upper portion of B Cell , a horizontal barrier system will be 
installed under the monolith . The barrier system will consist of a cone-shaped barrier 
constructed of a polymer and/or grout layer beneath the bottom of contamination. An 
engineered cap will be constructed over the B Cell area. Long-term surveillance and 
maintenance of the site will occur. 

In situ vitrification (ISV) of the contaminated soil will be completed following the demolition 
of the 324 Building including the upper portion of B Cell . 
ISV Preparation - provide holes for electrodes prior to filling B Cell with grout. These 
steps are completed with the 324 Building in place to take advantage of the operational 
building ventilation system. Following 324 Building removal , large electrodes are installed 
in the previously provided holes, and ISV equipment/exhaust system is installed. 
ISV Operations - The electrodes generate enough heat to melt the intervening material 
and form the glass material, then that mass is allowed to cool to form glass. 
Post-Operations -All equipment installed for ISV (except electrodes, which are consumed 
in the process) are to be removed . D4 of the off-gas structure will occur. An engineered 
cap will be constructed over the B Cell area. Long-term surveillance and maintenance of 
the site will occur. 

CDF = controlled density fill 
D4 = deactivation, decontamination, decommissioning, and demolition 
ERDF = Environmental Restoration Disposal Facility 
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The remediation alternatives are identified according to whether remediation of soil beneath the 
324 Building B Cell will occur prior to or during/following the demolition of the 324 Building. 
Remediation alternatives implemented prior to the demolition of the 324 Building will require 
some building refurbishments, but have the advantage of the existing shielding and exhaust 
system, however, also have the disadvantage of existing residual radioactive dose and 
contamination of the existing building from past operations to deal with and 15 to 30 cm (6 to 
12 in.) of grout that was placed onto the floor of the B Cell to stabilize contamination. 

Each remediation alternative will involve the completion of different tasks; however, there are 
many tasks that are common to all the remediation alternatives. The following subsections 
provide a brief description of the common tasks based on classification . 

7.1 SITE PREPARATION (COMMON ACTIONS) 

Site preparation will include evaluation of 324 Building's Safety Class (SC) SSCs integrity and 
functionality; repair, modification, or upgrade of SSCs, if warranted; underpinning of B Cell's 
foundation ; sealing of C and D Cells (alternative-specific) ; installation of alternative-specific 
equipment within and outside of B Cell ; and other activities as required. Each of these tasks is 
described briefly below. 

Based on a preliminary analysis of the 324 Building's SC SSCs, the exhaust system, 
mechanical system (i.e., REC crane) , and the electrical system will require some form of 
servicing, refurbishment, modification, and/or upgrade prior to use. The Zone I and II exhaust 
systems' testable HEPA filters will need to be replaced and tested . The REC crane control 
system will need to be upgraded to include control system replacement, wire rope replacement, 
operational tests of the brake and interlock systems, and static load tests. 

For most alternatives, the B Cell foundation will need to be underpinned using either micropiles 
or an equivalent method of underpinning prior to soil removal. Foundation underpinning will be 
completed by a specialty contractor from outside of B Cell. 

Sealing of C and D Cells is only applicable to remediation alternatives that propose to use the 
C and D Cells as a final container for disposal (those alternatives designated with "-2" 
nomenclature). Sealing of C and D Cells will require the installation of ports for grout injection, 
stabilizing the cells' interior using shotcrete, and permanently sealing the cells' windows and 
doors. 

Alternative-specific equipment will need to be installed within and outside of B Cell. Equipment 
to be located within B Cell will be initially placed within the airlock and then transferred to B Cell 
using the REC crane. The type and size of equipment used within B Cell will be limited by the 
size of the airlock and/or the capacity of the REC crane. 

7.2 SOIL REMOVAL, HANDLING, AND PACKAGING (COMMON ACTIONS) 

Soil removal , handling , and packaging activities that are to be conducted within B Cell will use 
the 324 Building's SC SSCs. Alternatives E-1 and E-2 will use similar, purpose-built equipment 
in a new Hazard Category 3 structure built adjacent to the 324 Building. Soil removal and waste 
handling equipment will always be remotely operated . Soil will be removed from beneath B Cell 
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using alternative-specific removal equipment and transferred to either a liner/waste container or 
to C and D Cells. 

For the "-1 " alternatives, the waste container will be shielded with steel , grout, or by other 
means and will either be placed into U.S. Department of Transportation Type A , Type 8 , 
Low-Specific Activity, or Surface Contaminated Object type packaging. Some form of 
stabilization will most likely be required in order to control the dispersibility of the highly 
contaminated soil. 

For the "-2" alternatives, the waste soil is stabilized either before or during removal (using 
alternative-specific method) with grout and then pumped in a slurry form to C and D Cells, which 
have been prepared for this material. The pre-existing shielding provided by the C and D Cell 
structure w ill be used for the shielding of the monolith during packaging , transportation , and 
disposal activities. 

7.3 WASTE TRANSPORTATION AND DISPOSAL (COMMON ACTIONS) 

Following stabilization of the contaminated soil, the resulting waste will be packaged as required 
to meet U.S. Department of Transportation requirements or to meet the requirements of the 
appropriate Special Packaging Authorization as identified in DOE/RL-2001-36, Hanford Sitewide 
Transportation Safety Document. Once packaged, the waste will then be ready for shipment to 
ERDF. 

8.0 EVALUATION OF REMEDIATION ALTERNATIVES 

8.1 COMPARATIVE ANALYSIS OF REMEDIATION ALTERNATIVES 

The following subsections provide insight for how each attribute was evaluated for the 
alternatives. The attribute measures are shown in Table 8. 

8.1.1 Radiation Safety/As Low As Reasonably Achievable 

A radiation safety/as low as reasonably achievable (ALARA) task hazard evaluation was 
completed for each alternative for both normal operations and potential accident scenarios. The 
evaluation took into consideration each of the subtasks for each alternative, the likelihood of a 
known/expected or accidental adverse radiological event occurring during that subtask, and the 
negative consequence of that radiological event. For each subtask/event, the likelihood and the 
consequence were assigned a value between 1 and 5. The criteria for defining these values are 
shown in Appendix D. A risk priority number (RPN) was calculated by multiplying these two 
values. An average RPN was calculated for each alternative. Appendix D shows the results for 
each alternative, the average RPN, and how these average RPNs were used to create a grade 
for each alternative. Tables 8 and 9 show the final grade for each alternative. 
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8.1.2 Industrial Safety 

An industrial safety task hazard evaluation was completed for each alternative for both normal 
operations and potential accident scenarios. The evaluation took into consideration each of the 
subtasks for each alternative, the likelihood of a known/expected or accidental adverse 
industrial safety event occurring during that subtask, and the negative consequence of that 
event. Industrial safety hazards were broken down into electrical energy, hazardous exposure, 
kinetic energy, potential energy, and thermal energy. For some subtasks, several industrial 
safety hazard types applied. For each subtask/event, the likelihood and the consequence were 
assigned a value between 1 and 5. The criteria for defining these values are shown in 
Appendix E. An RPN was calculated by multiplying these two values. An average RPN was 
calculated for each alternative. Appendix E shows the results for each alternative, the average 
RPN, and how these average RPNs were used to create a grade for each alternative. Tables 8 
and 9 show the final grade for each alternative. 

8.1.3 Air Impacts 

Air impacts were evaluated based on the potential unmitigated release fraction (RF) for 
remediation activities. RFs are specified in Washington Administrative Code (WAC) 246-247 for 
gases, liquids, particulate, and solids. Consistent with guidance from the Washington State 
Department of Health, activities involving HEPA filter tools and vacuums should use an RF of 1 
(this would apply to activities removing the soil using vacuum extraction). Grades will be 
assigned based upon predetermined measures shown in Table 4. 

8.1.4 Contamination Control 

The contamination control attribute estimated the potential pedigree of contamination controls 
that would be present for each alternative in accordance with the predetermined measures 
shown in Table 4. 

8.1.5 Administrative Feasibility 

The administrative feasibility attribute evaluated the level of quality assurance requirements , 
safety basis/nuclear safety documentation, and project readiness in accordance with the 
predetermined measures shown in Table 4. 

8.1.6 Proven Technology/Process 

Each alternative was evaluated to determine how proven the remediation method was in 
industry in accordance with the predetermined measures shown in Table 4. 

8.1. 7 Ability to Construct and Operate 

The ability to construct and operate attribute was determined by evaluating the number and 
complexity of processes and subsystems associated with each alternative. Appendix H shows 
the breakdown of these processes and subsystems. To match the grading system for the 
remaining attributes (a grade between 1 and 8) , eight equally-sized bins were calculated based 
on the minimum and maximum number of processes and subsystems from all of the 
alternatives. This form of grading deviated from the predetermined measure for grading shown 
in Table 4 because 12 of the 14 alternatives had more than 15 subsystems/processes. To 
highlight differences among the alternatives, the grading system was altered. 
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8.1.8 Availability of Equipment/Services 

A review was completed of each remediation means and method that was proposed for any of 
the alternatives to evaluate the availability of the equipment or services envisioned to be needed 
for the 324 Building soil remediation . The availability of equipment and services for all 
processes within a given alternative was scored based on the limiting item for that alternative. 
For example, if three vendors of remote excavators, six grout pump vendors, and two remotely 
operated drilling equipment manufacturers were identified, the grade for the entire alternative 
was based on the two remotely operated drilling manufactures. Grading was in accordance with 
the predetermined measures shown in Table 4. 

8.1.9 Adaptability of Equipment 

Each alternative was reviewed to identify how adaptable the removal equipment could be. If a 
major piece of equipment had only one function and could not support other operations, then 
the alternative would receive a low score. Conversely, if a small excavator was the central 
piece of equipment for an alternative and a saw, hydraulic hammer, and a bucket attachment 
would allow stainless steel floor removal , debris loading , and soil removal , that alternative would 
receive a much higher score. Grading was in accordance with the predetermined measures 
shown in Table 4. 

8.1.10 Waste Treatment 

Each alternative was evaluated to determine the level of waste treatment that would be required 
in accordance with the predetermined measures shown in Table 4. 

During the process of developing attribute measures, it was thought that the soil might require 
treatment for hazardous constituents and that there might be multiple treatment options. 
However, after the analytical results were received, it was determined that the spill did not 
contain hazardous constituents that exceeded regulatory limits. Consequently , for all but one 
alternative (Alternative R) , no treatment is needed to meet regulatory requirements for 
hazardous waste. The in situ vitrification alternative (Alternative R) would generate a secondary 
waste that potentially could require additional treatment. 

8.1.11 Waste Packaging 

Each alternative was evaluated to determine the level of waste packaging that would be 
required in accordance with the predetermined measures shown in Table 4. 

8.1.12 Waste Transportation 

Each alternative was evaluated to determine the level of waste transportation that would be 
required in accordance with the predetermined measures shown in Table 4. 

8.1.13 Waste Disposal 

Each alternative was evaluated to determine the level of waste disposal that would be required . 
Based on characterization data , a project assumption was made that the stabilized/grouted soil 
would be classifieds Class C waste and therefore could be accepted at ERDF. Grading was in 
accordance with the predetermined measures shown in Table 4. 
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8.1.14 Schedule/Duration 

Appendix G includes the alternative schedules that were used to create schedule durations 
shown in Table 8. These schedules were developed for comparison purposes, independent of 
the working projects within WCH. They are internally consistent with each other (common tasks 
have common durations) , but were developed for comparison among the alternatives only and 
will require significant added detail before they can be used by a project. 

To match the grading system for the remaining attributes (a grade between 1 and 8) , eight 
equally-sized bins were calculated based on the minimum and maximum number of scheduled 
duration (in months) from all of the alternatives. 

8.1.15 Cost 

Appendix F includes the results of the rough-order-of-magnitude (ROM) cost estimates that 
were completed as part of the evaluation process. Major tasks from each alternative discussed 
in Section 7.0 were estimated, including costs for labor, equipment, consumables such as small 
tools and personal protective equipment, and subcontractors. The cost estimates that were 
used to create the costs shown in Table 8 are listed in Appendix F, and the details (labor 
buildups, equipment purchase or rental , etc.) were provided in CCN 162398, "Building 324 Soil 
Contamination - Alternatives Rough Order of Magnitude Cost and Schedule Development." 

The cost estimates were developed with participation and interaction with a number of WCH 
personnel , including the 324 Project Engineer, project controls personnel, and subcontract 
administer to include as much actual cost data as possible. However, these are ROM 
estimations that were developed for comparison among the alternatives only and will require 
significant added detail before they can be used by a project. There is a high degree of 
confidence that the costs are internally consistent, but they are still ROM estimates. These 
costs and schedules were, by design , developed independently from the site staff. 

To match the grading system for the remaining attributes (a grade between 1 and 8) , eight 
equally-sized bins were calculated based on the minimum and maximum number of cost from 
all of the alternatives. 
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Attribute 
A-1 A-2 B-1 B-2 

Radiation 
2 4 2 4 

Safetv/ALARA 
Industrial Safety 3 5 3 5 
Air Impacts RF of 1 E-3 for RF of 1 E-3 for RF of 1E-3. RF of 1E-3. 

most activities. most activities. 
Some activities Some activities 
may have an RF may have an RF 
of 1. of 1. 

Contamination Operation Operation Operation Operation 
Control performed using perlom1ed using perlom,ed using performed using 

existing Hazard existing Hazard existing Hazard existing Hazard 
Category 2 SC Category 2 SC Category 2 SC Category 2 SC 
SSCs. SSCs. SSCs. sscs. 

Administrative Feasibility 
Quality Assurance General services General services General services General services 
Requirements ITS ITS ITS ITS 

Safety Basis DOE-STD-3009 DOE-STD-3009 DOE-STD-1120 DOE-STD-1120 
Documentation SAR SAR DSA DSA 

Project Readiness ORR by ORR by Readiness Readiness 
DOE-RL DOE-RL assessment assessment 
authorization authorization 

Proven Full-scale; Full-scale; System or System or 
Technology/ similar similar process process 
Process (prototypical) (prototypical) completed and completed and 

system or system or qualified through qualified through 
process process test and test and 
demonstrated in demonstrated in demonstration demonstration 
relevant relevant 
environment environment 

Ability to 
Construct and 
Operate (# of 17 16 18 17 
Processes/ 
Subsvstemsl 
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Table 8. Alternative Attribute Measures. (2 Pages) 

Remediation Alternatives 

C-1 C-2 D-1 0-2 E-1 E-2 H p Q R 

2 4 2 4 3 4 6 8 8 6 

3 5 3 5 3 5 4 5 4 5 
RF of 1E-3 for RF of 1 E-3 for RF of 1E-3 for RF of 1 E-3 for RF of 1 E-3 for RF of 1 E-3 for RF of 1 E-6. RF ol 1E-6 RF ol 1 E-6 lor Ollgasing and 
some activities. some activities. most activities. most activities. some activities. some activities. for most most activities. vaporization of 
Other activities Other activities Some activities Some activities Other activities Other activities activities. Some inventory the inventory may 
involve movement involve movement may have an RF may have an RF involve movement involve Some wi ll not have a occur (-RF=1). 
of grouted/ of grouted/ of 1. of 1. of grouted/ movement of inventory will potential to emit at 
stabilized soil into stabilized soil into stabilized soil into grouted/ not have a all. 
the waste the waste the waste stabilized soil into potential to 
containers/ containers/ containers/ the waste emit at all . 
cells (-RF of cells (-RF of cells (-RF of containers/ 
1E-4l1E-05). 1 E-411 E-05). 1 E-411 E-05). cells (-RF of 

1 E-411 E-05). 

Operation Operation Operation Operation Design and Design and Minimal Minimal Minimal control Major modification 
perlom,ed using perlom,ed using perlom1ed using perlom,ed using construction of new construction of control control measures to Hazard 
existing Hazard existing Hazard existing Hazard existing Hazard Hazard Category 3 new Hazard measures measures required. Category 2 SC 
Category 2 SC Category 2 SC Category 2 SC Category 2 SC ITS SSCs Category 3 ITS required. required. SSCs. 
SSCs. SSCs. SSCs. SSCs. SSCs 

General services General services General services General services General services General services General General General services DOE 0414.1 
ITS ITS ITS ITS ITS ITS services ITS services ITS ITS Quality Assurance 

Program 

DOE-STD-1120 DOE-STD-1120 DOE-STD-3009 DOE-STD-3009 DOE-STD-3011 DOE-STD-3011 DOE-STD- DOE-STD- DOE-STD-1120 Preliminary safety 
DSA DSA SAR SAR DSA DSA 3011 DSA 1120 DSA DSA analysis report 

and 
DOE-STD-3009 
SAR 

Readiness Readiness ORR by ORR by ORR by DOE-RL ORR by DOE-RL ORR by Readiness Readiness ORR by DOE-RL 
assessment assessment DOE-RL DOE-RL authorization authorization DOE-RL assessment assessment authorization 

authorization authorization authorization 

Similar Similar Similar Similar Laboratory scale; Laboratory scale; Engineer- System or System or process Full-scale; similar 
(prototypical) (prototypical) (prototypical) (prototypical) similar system or similar system or ing/pilot- process completed and (prototypical) 
system or process system or process system or system or process validation process scale; completed qualified through system or process 
demonstrated in demonstrated in process process in laboratory validation in similar and qualified test and demonstrated in 
relevant relevant demonstrated in demonstrated in environment laboratory (proto- through test demonstration relevant 
environment environment relevant relevant environment typical) and environment 

environment environment system or demonstra-
process tion 
demon-
strated in 
relevant 
environment 

16 15 20 19 18 17 18 8 6 21 
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Table 8. Alternative Attribute Measures. (2 Pages) 

Attribute Remediation Alternatives 
A-1 A-2 B-1 B-2 C-1 C-2 D-1 D-2 E-1 

Availability of Three (to make Three (to make Three (to make Three (to make Three (to make off- Three (to make off- Three (to make Three (to make Three (to make off-
Equipment/ off-shett off-shelf off-shett off-shett shelf equipment shett equipment off-shett off-shett shett equipment 
Services (# of equipment equipment equipment equipment remote; but able to remote; but able to equipment equipment remote) 
vendors) remote) remote) remote; but able remote; but able purchase remote purchase remote remote) remote) 

to purchase to purchase packages) packages) 
remote remote packages) 
packages) 

Adaptability of Equipment can Equipment can Equipment can Equipment can be Equipment can be Equipment can be Equipment can Equipment can Equipment can be 
Equipment be used to be used to be used to used to used to used to accomplish only be used to only be used to used to accomplish 

accomplish two accomplish two accomplish more accomplish more accomplish two two tasks accomplish one accomplish one two tasks 
tasks tasks than two tasks than two tasks tasks task task 

Waste Treatment No treatment No treatment No treatment No treatment No treatment No treatment No treatment No treatment No treatment 

Waste Packaging swc ERDF Roll- swc ERDF Roll-on/roll- swc ERDF Roll-on/rol~ swc ERDF Roll- swc 
on/roll-off off Containers b off containers b on/roll-off 
containers b containers b 

Waste Type B Type B Type B quantities Type B quantities Type B quantities Type B quanttties Type B Type B Type B quantities 
Transportation quantities quantities shipped under shipped under shipped under shipped under SPA quantities quantities shipped under SPA 

shipped under shipped under SPA SPA SPA shipped under shipped under 
SPA SPA SPA SPA 

Waste Disposal ERDF ERDF ERDF ERDF ERDF ERDF ERDF ERDF ERDF 

Duration 
27 26 27 26 26 27 26 26 29 l{Monthsl 

Cost $45711512 $36 472 420 $42 645 767 $34 303,746 $40 945 394 $34 143 521 $45341111 $37 373 505 $42 363 694 

• 'Waste treatment" was assumed to be that needed to meet land disposal requirements. 
' Shipment of the C and D monoliths is considered to be in the 324 D4 baseline. Remaining waste will be packaged in ERDF roll-on/roll-off containers. 
DOT = U.S. Department of Transportation 
DSA = documented safety analysis 
ERDF = Environmental Restoration Disposal Facility 
ITS = important-to-safety 
ORR = operational readiness review 
RF = release fraction 
SAR = safety analysis report 
SC = safety class 
SPA = special packaging authorization 
SWC = shielded waste container 
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E-2 H p 
Three (to make Less than or Less than or 
off-shett equal to equal to five 
equipment three 
remote) 

Equipment can Equipment Equipment 
be used to can only be can only be 
accomplish two used to used to 
tasks accomplish accomplish 

one task one task 
No treatment No No treatment" 

treatment 

ERDF Roll- ERDF No packaging 
on/roll-off 
containers b 

Plastic wrap required 

Type B quantities Type B No 
shipped under quantities transportation 
SPA shipped required 

under SPA. 
Significantly 
difficult 
transporta-
lion task 

ERDF ERDF No disposal 
required 

31 35 23 

$35,459 391 $63 556 291 $26 121 275 

Q 

Less than or equal 
to five 

Equipment can 
only be used to 
accomplish one 
task 

No treatment • 

No packaging 
required 

No transportation 
required 

No disposal 
required 

25 

$29 655 202 
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R 
More than one but 
more researd"I 
and development 
than production 

Equipment can 
only be used to 
accomplish one 
task 

Some treatment 
at on-site facility 
and some at 
324 Facility 

Approximately 1 /2 
ERDF roll-off 
boxes and 1/2 
shielded waste 
container 

Approximately 2/3 
DOT 
ComplianVType A 
and 1/3 Type B 
quantities shipped 
under SPA 

Disposal at ERDF 

40 

$53 053 669 
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From the attributes measures shown in Table 8, the alternatives are assigned grades for each 
attribute in Table 9. 

Table 9. Alternative Grading Decision Matrix. 

Remediation Alternative 
Attribute Weighting 

A-1 A-2 B-1 B-2 C-1 C-2 D-1 D-2 E-1 E-2 H p Q 

Radiation 
Safety/ALARA 

4 2 4 2 4 2 4 2 4 3 4 6 8 8 

Industrial and 
Occupational 4 3 5 3 5 3 5 3 5 3 5 4 5 4 
Safety 

Air Impacts 2 3 3 4 4 5 5 3 3 5 5 6 7 7 

Contamination 2 6 6 6 6 6 6 6 6 4 4 8 8 8 
Control 

Administrative 4 6 6 8 8 8 8 6 6 4 4 4 8 8 
Feasibility 
Proven 
Technology/ 3 6 6 8 8 6 6 6 6 4 4 5 7 7 
Process 
Ability to 
Construct and 3 3 3 2 3 3 4 1 2 2 3 2 7 8 
Operate 
Availability of 
Equipment/ 3 4 4 5 5 5 5 4 4 4 5 4 6 6 
Services 

Adaptability of 2 5 5 8 8 5 5 1 1 5 5 1 1 1 
Equipment 
Waste 1 8 8 8 8 8 8 8 8 8 8 8 8 8 
Treatment 
Waste 1 4 7 4 7 4 7 4 7 4 7 5 8 8 
Packaaina 
Waste 

1 4 4 4 4 4 4 4 4 4 4 3 8 8 
Transportation 
Waste 1 7 7 7 7 7 7 7 7 7 7 7 8 8 
Disposal 

Duration 2 7 6 7 6 7 7 7 6 6 5 3 8 8 

Cost 2 5 7 5 7 6 7 5 6 5 7 1 8 8 

R 

6 

5 

1 

2 

1 

6 

1 

2 

1 

5 

5 

6 

7 

1 

3 

Weiahted Total 158 179 180 204 175 199 144 166 143 166 150 240 239 114 

Rank 10 6 5 3 7 4 12 8 
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9.0 CONCLUSIONS AND RECOMMENDATIONS 

The two alternatives that graded on the specific criteria much better than the rest were 
alternatives that would stabilize the contamination in place and leave the contamination in situ 
with a cap over the site (Alternatives P and Q) . Leaving contamination in place is not consistent 
with the ROD (EPA 2001) and CERCLA documentation for the 300 Area. In addition, regulators 
(DOE-RL and EPA) have indicated that they believe in situ alternatives and would be not 
acceptable and unfavorable with respect to qualitative consideration of "modifying criteria ." The 
approach is also unfavorable with respect to balancing criteria "long-term effectiveness and 
permanence," which was not included in the specific screening criteria . 

Four alternatives were not carried forward because of poor evaluations. Alternatives E-1 and 
E-2 involved construction of a new Hazard Category 3 facility, which would pose significant 
schedule, cost, and facility startup risk. Alternative H involved handling of a >1 ,700-ton monolith 
of stabilized soil , which would pose significant project risks and challenges. Alternative R 
involved construction and operation of an in situ vitrification operation , which would pose 
significant schedule, cost, and facility startup risk. These alternatives were not carried forward . 

The alternatives that graded well and were consistent with the existing ROD involved those that 
extract the contaminated soil up through B Cell , utilize the existing facility's ventilation system, 
and take advantage of the existing REC cell structure for containment and shielding 
(Alternatives A through D) . In general , alternatives that packaged waste into the C and D Cells 
were favored over those that placed waste in shielded waste containers. This minimizes the 
hazards and risks of multiple waste box loading and extraction processes. Among these 
alternatives, A and D utilized a vacuum system for removal of the soil , which caused poor 
grading on several attributes. 

It is recommended that Alternatives A through D be carried forward for further evaluation with 
discouragement against using a highly energetic transport mechanism such as a soil vacuum 
for retrieval of the contaminated soil. 

10.0 REFERENCES 

CCN 162398, 2011 , "Building 324 Soil Contamination -Alternatives Rough Order of Magnitude 
Cost and Schedule Development," CCN 162398, to S. G. Marske, Washington Closure 
Hanford, from M. Morton , WorleyParsons Polestar, November 15. 

Comprehensive Environmental Response, Compensation, and Liability Act of 1980, 
42 U.S.C. 9601 , et seq . 

DOE O 414.1, Quality Assurance, U.S. Department of Energy, Washington, D.C. 

DOE/RL-2001-36, 2011 , Hanford Sitewide Transportation Safety Document, Revision 1 E, 
U.S. Department of Energy, Richland Operations Office, Richland , Washington. 

Remediation Alternatives Evaluation for Contaminated Soil Beneath the 324 Building 
December 2011 32 



WCH-503 
Rev. O 

DOE-STD-1027-92, 1997, Hazard Categorization and Accident Analysis Techniques for 
Compliance with DOE Order 5480.23, Nuclear Safety Analysis Reports , Change 
Notice 1, U.S. Department of Energy, Washington, D.C. 

DOE-STD-3009-94, 1994, Preparation Guide for U.S. Department of Energy Nonreactor 
Nuclear Facility Documented Safety Analyses, U.S. Department of Energy, Washington, 
D.C. 

DOE-STD-3011-02, 2002, Guidance for Preparation of Basis for Interim Operation (BIO) 
Documents, U.S. Department of Energy, Washington, D.C. 

EPA, 2001 , Interim Action Record of Decision for the 300-FF-2 Operable Unit, Hanford Site, 
U.S. Environmental Protection Agency, Region 10, Seattle, Washington. 

WAC 246-247, "Radiation Protection-Air Emissions," Washington Administrative Code , as 
amended. 

WCH-140, 2011 , 324 Building Basis for Interim Operation, Rev. 4, Washington Closure Hanford, 
Richland , Washington. 

WCH-481 , 2011, TRIZ Innovation Process Report for Hanford 324 Building B-Ce/1 Soil 
Contamination Project, Rev. 0, Washington Closure Hanford, Richland , Washington . 

Remediation Alternatives Evaluation for Contaminated Soil Beneath the 324 Building 
December 2011 33 



Remediation Alternatives Evaluation for Contaminated Soil Beneath the 324 Building 
December 2011 

WCH-503 
Rev. 0 

34 



APPENDIX A 

FULL LIST OF REMEDIATION MEANS AND METHODS 

Remediation Alternatives Evaluation for Contaminated Soil Beneath the 324 Building 
December 2011 

WCH-503 
Rev. 0 

A-i 



Remediation Alternatives Evaluation for Contaminated Soil Beneath the 324 Building 
December 2011 

WCH-503 
Rev. 0 

A-ii 



APPENDIX A 

WCH-503 
Rev. 0 

FULL LIST OF REMEDIATION MEANS AND METHODS 

# Website and/or Remediation Method Synopsis 
Jet grouting was specified at 5 of the 10 sites of Contract EEA and is 
designated as Projects 1, 2, 3, 4/5, and 8, all along Lakeside Avenue. 
The purpose of the jet grouting is to provide a block of improved soil 
for the soft ground tunneling of a 121.9-cm (48-in .) pipe connection to 

1 the existing 25-cm (10-in .)-diameter Easterly Main Interceptor. This 
connection, at an acute angle to the existing Easterly Main 
Interceptor is the main concern for the completion of the projects, 
main because of the age of the existing interceptor and the 
techniques employed during its construction (Geotechnical Basel ine 
Report 2001 ). 
The VLB technology has the ability to provide containment of waste in 
the subsurface. Since the emplacement of this containment system 
uses a low-energy (permeation) implementation method, few 
contaminants are brought to the surfaces during grouting, and the 

2 destruction to fragile infrastructure is prevented. Technology 
advantages include reduces worker exposure to contaminants at 
hazardous I radioactive sites , isolation of wastes, reduced costs , 
limited site subsurface disruption, and increased ability to isolate 
contamination that are in the soils. 
http://conceptenqineerinqqroup.com/special projects ineel.html 

In 1995 CEG completed and installed an air-vacuum excavation unit 
for use with Lockheed - Martin's Cooperative Telerobotic Retrieval 
system at the INEEL Robotic Lab. CEG's system provided the 
capability to remotely excavate and remove spoil from a 60-ft square 

3 
pit of buried waste up to 4.6 m (15 ft) deep. The equipment skid is 
electrically powered and provides compressed air and vacuum 
suction to the digging unit. The digging unit is mounted on a boom 
crane that provides the means to move the unit horizontally over the 
entire surface of the pit and it uses its own telescoping boom with an 
excavating head to loosen and lift material from the pit. Material is 
continuously discharged from the collector onto a secondary 
conveyor for loadinQ into containers for disposition. 
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Stabilization - Jet Grout 

Stabilization - Viscous 
Liquid Barrier 

Removal - Soil Vacuum 
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# Website and/or Remediation Method Svnoosis 
http://www.freepatentsonline.com/4783253.html 

A process for treating radioactive contaminated soils to remove 
radioactive metal oxide contaminants therefrom comprises creating a 
suspension of particles of the soil in a column of water, alternately 
forcing fresh water in the column upwardly to force lighter soil 
particles upwardly in the column and allowing heavier particles to 

4 
gravitationally settle in the bottom of the water column. The heavy 
particles comprising radioactive metal oxides are collected and 
handled for radioactive waste material storage. The aqueous slurry 
of lighter soil particles is directed to a separator for removing 
substantial amounts of water after which the particles are directed to 
a conveyor and spread out to a substantially uniform thickness and 
detected for any radioactivity . Portions of material in which 
radioactive particles are detected and diverted and the 
uncontaminated soil material is recovered . 
http://www.patentstorm .us/patents/4876593/description.html 

A temporary hot cell for handling high level radiation sources of the 
present invention has wall , ceiling and floor structures comprised at 
least a part of temporary structures forming an enclosure to reduce to 
acceptable levels radiation of the surround from high level radiation 
sources handled within the enclosure. The temporary structures are 
preferably formed of solid concrete or lead blocks capable of 
absorbing high levels of gamma radiation. At least one manipulator 
arm, and preferably two or more redundant manipulator arms, extend 
through a wall structure of the enclosure to permit handling of high 
level radiation sources within the enclosure by an operator located 
external to the enclosure. The manipulator arms are removable from 

5 the enclosure through the wall structure by providing an appropriate 
support within the wall structure and appropriate space within the 
enclosure and in the surround adjacent to the wall structure through 
which the manipulator arms are extended. Preferably, a window is 
positioned in a wall structure of the enclosure to allow an operator 
external of the enclosure operating the manipulator arms to view 
handling of high level radiation sources within the enclosure. 
The window also reduces to acceptable levels the radiation of the 
surround by high level radiation sources within the enclosure . 
Alternatively, or in addition to the window, a television camera is 
provided within the enclosure and a television monitor provided 
external of the enclosure to allow the operator external of the 
enclosure to view handling of the high level radiation sources by the 
manioulator arms with in the enclosure. 
http://www.sciencedaily.com/releases/2001/10/011012073634.htm 

!NEEL researchers used pressurized, heated carbon dioxide and an 
added metal binding chemical compound to clean radioactively 
contaminated soil. The method removed more than 69 percent of the 

6 plutonium and americium from spiked, local soil , report two chemists 
from the DOE's !NEEL in the October 2001 issue of Radiochemica 
Acta. Supercritical fluid extraction is already used to decaffeinate 
coffee, purify spices and dry clean clothes -- and has been shown to 
remove plutonium from stainless steel -- but this is the first time it has 
been used to remove plutonium from soil. 
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Abbreviated Name 

Removal - Soil 
Treatment to 
Concentrate 
Contaminants 

General Information -
Temporary Hot Cell for 
waste storage 

Removal - Soil 
Treatment to 
concentrate 
contaminants 
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# Website and/or Remediation Method Synopsis 
htt12://en .wiki12edia .org/wiki/Directional drilling 
htt12 ://www. ha II i bu rton. com/12s/defau It. as12x?navid= 18&12age id=48&12ro 
dgr12id=MSE%3A %3A 1045759434550523 

Most directional drillers are given a well path to follow that is 
predetermined by engineers and geologists before the drilling 
commences. When the directional driller starts the drilling process, 
periodic surveys are taken with a downhole instrument to provide 

7 survey data (inclination and azimuth) of the well bore. [1] These 
pictures are typically taken at intervals between 9.2 to 152.5 m (30 to 
500 ft), with 27.5 m (90 ft) common during active changes of angle or 
direction, and distances of 61 to 91 .5 m (200 to 300 ft) being typical 
while "drilling ahead" (not making active changes to angle and 
direction). During critical angle and direction changes, especially 
while using a downhole motor, an measurement while driving tool will 
be added to the drill string to provide continuously updated 
measurements that may be used for (near) real-time adjustments. 
htt12://www.miningandconstruction.sandvik.com/sandvik/0120/lnternet 
/Global/S003715.nsf/LUSL/SLFrameForm 1 F5A23FBCDE3D3850C1 
2576F100385335?O12enDocument 

8 Combine a torch , hammer and bucket for a remotely operated, track 
mounted platform (Brokk or similar). Cut and remove liner, hammer 
through floor at expansion joint, remove debris and soils within 
existing B Cell using existing or refurbished B Cell crane and 
systems. 
htt12://www. m iningandconstruction.sandvik.com/sandvik/0120/I nternet 
/Global/S003715.nsf/LUSL/SLFrameForm 1 F5A23FBCDE3D3B50C 1 
2576F100385335?O12enDocument 

9 Combine a steel/ concrete saw and bucket for a remotely operated, 
track mounted platform (Brokk or similar). Cut and remove liner and 
concrete floor at expansion joint, lift out blocks (how??) and use 
bucket to remove soils within existing B Cell using existing or 
refurbished B Cell crane and systems. 
Vadose Zone workshop Jan 19, 2011 

Six representatives from Caterpillar and the Western States 
Equipment Company (regional Cat dealer) attended. Talk covered 
large-scale excavation and removal technology. Representatives 

10 shared specifics of excavation equipment, augmented with pictures of 
equipment in operation . The Cat equipment can scoop dirt from 
depths of 45.8 m ( 150 ft). Cat representatives discussed automated 
mining and construction capabilities, and demonstration for detecting 
and recovering such high risk objects as undetonated explosives. 
There were no discussions of "contained" excavations. 
Vadose Zone workshop Jan 19, 2011 

Robert Hulick, Blue Grass, focused on their decontamination and 
11 decommissioning (D&D) capabilities such as diamond-blade cutting 

of steel and thick concrete slabs/walls. This technology was ready to 
be used to remove the Hanford Site 324 hot cell before leaked waste 
was found beneath the cell. 
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Abbreviated Name 

Removal - Directional 
drilling 

Removal - Remote 
Excavator from B Cell -
Hammer & Bucket 

Removal - Remote 
Excavator from B Cell -
Saw Cut & Bucket 

Removal - Long reach 
equipment 

Removal - Diamond 
Saw through Floor of B 
Cell 
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# Website and/or Remediation Method Synopsis 
Vadose Zone workshop Jan 19, 2011 

Dr. John McCray, Colorado School of Mines, spoke about entombing 
and stabilization using grouts, slurry walls, freeze walls, heap 
leaching (using arsenic solutions leaching into the ground}, caissons, 
large-scale earth movers, and massive draglines. As expected, 

12 large-scale excavations showed significant dust suspension. For 
mining, remote equipment operations without onsite personnel helped 
ensure improved worker safety and health protection. Dr. McCray 
used the Hanford Site's carbon tetrachloride plume as an example of 
what surface mining Remediation Methods could accomplish: " ... we 
could dig up all the carbon tetrachloride found in the 200 Area above 
groundwater depth in just 100 davs." 
Vadose Zone workshop Jan 19, 2011 

Ernie Carter, Carter Technologies (small company in Houston, 
Texas), spoke at length about the use of molten wax contaminant and 
exposure control technology. The product, labeled "WaxFix," was 
identified as a new class of grout material with superior performance. 
The product is nontoxic, nonflammable, and melts between 120 to 

13 170 °F. It has been used at Idaho National Engineering Laboratory. 
The product could be sprayed onto the ground for dust control , used 
as interim surface barrier (e .g., above the tank farm), ground injected 
for stabilizing contaminant s or forming barrier walls, stabilizing soil 
before excavation, re-isolating of boreholes, and stopping 
geochemical reactions. MORE INFO AVAILABLE 3/3 NOTE -
WAXFIT physical properties and melting point can be adjusted to 
meet the project needs. 
Vadose Zone workshop Jan 19, 2011 

Robert Whittaker, Carnegie Mellon University, spoke on remotely 
operated subsurface construction technology. This work is 
associated with the Caterpillar Corp. for the last 3 years. There was 

14 
emphasis on avoiding surface digging and debris dumping by moving 
it underground. Dr. Whittaker discussed machinery automation, data 
fusion , data integration, and remote commend centers-very data 
intensive. He presented interesting three-dimensional visualization of 
subsurface knowledge to facilitate real-time learning, material 
removal, operations, etc. To date, only sewer modeling and 
survevina has been accomplished. 

Remediation Alternatives Evaluation for Contaminated Soil Beneath the 324 Building 
December 2011 

WCH-503 
Rev. 0 

Abbreviated Name 

Removal - Full Scale 
Mining 

Stabilization - WaxFix 

Removal - Remote 
Mining 
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# 

15 

16 

Website and/or Remediation Method Synopsis 
Carter Technologies Whitepaper and proposal to WCH - use of wax 
as a shield and dust suppression means See INUCON-05-00499 as 
well 

This whitepaper proposes a revolutionary new method of safely 
excavating this buried waste. This method makes use of a special 
molten wax grout known as WAXFIX. WAXFIX grout is a molten 
blend of natural and petroleum wax with additives that give it certain 
general properties. 3/3 NOTE - WAXFIT physical properties and 
melting point can be adjusted to meet the project needs. It is capable 
of rapidly permeating relatively water resistant soil and waste. It 
penetrates wet or dry soil , to the point it loses enough heat to solidify. 
It acts as an insulator for heat transfer, yet it has a high heat capacity. 
It remains malleable and sticky at ambient temperatures. It can be 
mixed with larQe volumes of soil and remain a flowable slurry. 
Innovative Grouting Green Book DOE/EM-0380 and 
http://www.cement.org/waste/wt apps radioactive.asp 

At shallow burial sites containing TRU wastes (such as at the INEEL 
where there is approximately 56,000 m3 (2 million ft3)of TRU waste 
commingled with 168,000 to 224,000 m3 [6 to 8 million ft3]of soil), 
there is a need for in situ stabilization or hot-spoUtotal removal. 
Grouting the waste can provide long-term in situ stabilization or, for 
removal operations, agglomeration of contaminants and fine soil 
particles that decreases the chance of contaminant spread during 
inherently dusty retrieval operations. 
How it Works - Innovative grouting technology minimizes spreading of 
contamination by agglomerating the soil particles containing 
plutonium/americium particulates into non-aerosolizable particles; 
minimizes worker risks and exposure; is more effective in controlling 
the spread of contamination than common mining practices such as 
directed air flow, misting, and fixant sprays; eliminates further 
treatment because the grouted, rubberized waste is ready for 
shipment to the Waste Isolation Pilot Project; reduces capital 
expenditures, operating costs, and containment structure 
requirements; and is an estimated five times faster than the baseline 
technoloav of removal , packaQinQ, and storaQe. 
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Stabilization - WaxFix 

Safe Store - with Grout 
Injection 
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# Website and/or Remediation Method Svnopsis 
From: St. Jacques, Will , e-mail dated 1/20/11 and 
http://www.frtr.gov/matrix2/section4/4-29.html and Geo-Melt slides 

DOE had performed below ground Vitrification tests approx. a mile to 
the west of the 300 Area some time ago. With this in mind, the DOE 
would have the test results along with the soil type which should be 
similar to our vicinity. He went on to talk about the incident he had to 
deal with at B Plant where they had a 45.4 metric ton (50 ton) cover 
block drop into a pipe trench and damage the piping below which 

17 
resulted in the release of Cesium salts. The count initial was 
15,000 Rad and when finished, a 150 mrem/hr. Very interesting how 
they had to approach that incident apart from the technology we now 
have at our disposition. 

My question is: have we considered this path forward (Pat Ervin 
probably has) and if it is even feasible . As I was envisioning it, if 
using this method, the building would have to be mostly removed 
down to the last 1 /3 section of the B Cell (rather than in 2 sections) / 
High Level Vault and Low Level Vault etc. then we could go Cold and 
Dark in the soil. At that time, vitrify the soil. 
http://libra[}'..witpress.com/pages/Paperlnfo.asg?Paper1D=17227 

At the present time there are problems as a result of controlled 
18 peaceful nuclear explosions in Kazakhstan , which include clean-up 

activities in the contaminated area where the nuclear explosions were 
conducted. 
httg://amwtp.inl.gov/storage.aspx 

The vast majority of the waste AMWTP processes resulted from the 
manufacture of nuclear components at Colorado's Rocky Flats Plant. 
Shipped to Idaho in the 1970s and early 1980s for storage, the waste 
contains industrial debris such as rags, work clothing, machine parts 
and tools, as well as soil and sludge, and is contaminated with 
transuranic radioactive elements (primarily plutonium). Most of the 
waste is "mixed waste"--contaminated with radioactive and non-
radioactive hazardous chemicals such as oil and solvents. 
The Retrieval Enclosure houses approximately 53,300 m3 

19 
(1 .9 million ft3

) of waste stacked on asphalt pads under a soil berm , 
which is enclosed within a metal structure. The soil around the waste 
is removed by earth-moving equipment and a vacuum system 
minimizes airborne dust. The Retrieval Enclosure is roughly seven 
acres in area (approximately the same length as an aircraft carrier). 
Five storage modules also hold approximately 12,000 m3 

(423,780 ft3
) of waste stacked warehouse-style; each module 

measures 36.6 by 73.2 m (120 by 240 ft) and together the storage 
modules hold approximately 11 ,700 m3 (413,185 ft3

) of waste. The 
waste in these modules is stored in drums and boxes and stacked on 
concrete pads, but is not covered with soil like the waste in the 
Retrieval Enclosure. The waste is retrieved from the storage 
facilities , characterized and staqed for further processinq. 
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. 

Safe Store - with 
Vitrification 

Removal -
Contamination Cleanup 
after weapons testing 

General Information -
Waste Storage 
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# Website and/or Remediation Method Svnopsis 
htt12s://inl12ortal. inl .gov/12ortal/server. Qt?o12en=514&obj ID= 1269&mode 
=2&featurestory=DA 566162 

INL scientists mobilize bacteria to build cement 'prison' for old 
radioactive waste - Researchers at INL, the Center for Advanced 
Energy Studies, and other national labs and universities are working 

20 
together to test an inexpensive method to sequester strontium-90 
where it lies. The researchers can coax underground microbes to 
form calcite, a white mineral form of calcium carbonate and the main 
ingredient in cement. And calcite should be able to trap strontium-90 
until long after it has decayed into harmless zirconium. Strontium-90 
has a nearly 30-year half-life, which means that a sample of the stuff 
will take around 300 years to decay more or less completely. 
"Three hundred years is nothinq for calcite," Henriksen says. 
httQ://Qrod .sandia .gov/techlib/access-control.cgi/1997 /971193. pdf 

The primary objective of this project was to develop and demonstrate 
a close-coupled barrier for the containment of subsurface waste or 
contaminant migration. A close-coupled barrier is produced by first 
installing a conventional cement grout curtain followed by a thin inner 
lining of a polymer grout. The resultant barrier is a cement polymer 

21 
composite that has economic benefits derived from the cement and 
performance benefits from the durable and resistant polymer layer. 
Close-coupled barrier technology is applicable for final, interim, or 
emergency containment of subsurface waste forms. Consequently, 
when considering the diversity of technology application , the 
construction emplacement and material technology maturity, general 
site operational requirements, and regulatory compliance incentives, 
the close-coupled barrier system provides an alternative for any 
hazardous or mixed waste remediation plan. 
httQ://ar.inel.gov/images/Qdf/200411/2004111500730KAH.Qdf 

The project will use a grouting process to stabilize contaminants of 
concern disposed of in the Subsurface Disposal Area, a radioactive 
hazardous waste landfill at the Radioactive Waste Management 
Complex located on the INEEL. In situ grouting, as it will be applied 

22 at the Subsurface Disposal Area, will use a high-pressure jet grouting 
process similar to processes used in the construction industry to 
inject grout below grade, mix the grout with the buried waste, and 
form grout-waste monoliths. These monoliths will reduce water 
infiltration, stabilize contaminants, and provide additional ground 
stabilization to structurally support a future environmental cap over 
the entire Subsurface Disposal Area. 
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http://www.bnl.gov/des/ertd/TechDevelApp/Close-coupledbarrier.asp 

The primary objective of this project is to develop and demonstrate at 
a field-scale , emplacement of a Close-Coupled Barrier Technology 
capable of containing waste forms within their existing subsurface 
transport, disposal , or storage structures . It is essential that materials 
(grouts) and emplacement techniques are compatible; therefore, they 
shall be developed and demonstrated simultaneously. This is not a 
trivial issue. Barrier materials must simultaneously be emplaceable, 
i.e., compatible with emplacement equipment and site geology, 
withstand a wide variety of chemical , thermal, physical and 
radiological conditions, and meet acceptable longevity requirements. 
The secondary objective of this project will be to provide a 
demonstration barrier for integrity verification Remediation Methods. 
The barrier will serve as a test site for perflouro-carbon tracer 
technology. 

Close-Coupled Barrier Technology 
Eronomic Benefits of Portland Cement 

Performance Benefits of Polymers 

I Environmemal and Wast• Technology Center 

https://www.clu-in.org/products/intern/pearlman/ 

PRIMARY LAYER 
POLYMER GROUT 

'- SECONDARYLAYER 
CEMENT GROUT 

Subsurface contamination poses a continuing risk to human health 
and the environment. Liquid contaminants can migrate through the 
soil matrix and leach into groundwater, while solid and semi-solid 
pollutants may be transported and dispersed through the subsurface 
(GETF 1996). Because cleanup Remediation Methods, when 
available for subsurface containment, can be costly and time 
consuming , it is necessary to examine other, possibly cheaper, ways 
to reduce the risk and protect human health and the environment at 
contaminated sites. 

According to the 1996 Global Environment and Technology 
Foundation market assessment, containment technology is "poised 
for significant, if not enormous growth." Underground containment 
barriers are an important method of limiting and/or eliminating the 
movement of contaminants through the subsurface. Subsurface 
barriers can maintain the volume of waste and reduce the potential 
for migration into the surrounding geologic media , or groundwater. In 
the ast, containment has been used at sites where there was no 
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# Website and/or Remediation Method Svnoosis 
other efficient and cost-effective option. However, subsurface 
barriers can be used in any number of situations where it is 
necessary to prevent the migration of contamination. Barriers are 
currently used for the containment of contaminated waste, as an 
interim step while final remediation alternatives are developed (or 
decided), and in coordination with treatment Remediation Methods. 
In many instances, subsurface barriers are able to effectively confine 
the contaminant for extended time periods and provide a cost-
effective method of remediation . 
http://www. p2pays.orq/ref/14/0 initiatives/init/sum mer98/qroutrap. htm 

Like flies in amber, contaminants can be encased in grout to prevent 
their escape into the surrounding environment. The Subsurface 
Contaminants Focus Area within DOE's Office of Science and 
Technology has proven that grout can be used to halt the migration of 
contaminants stored in shallow burial pits. Grouting waste in place 
can be considered either a permanent disposition solution or a first 
step to a safer and easier excavation. 

Since 1994, SCFA has been exploring innovative ways to deliver 
grout to the subsurface to lock up contaminants. In summer 1997, 
the focus area and other organizations (Lockheed Martin Idaho 
Technologies Company, the Radioactive Waste Management 
Complex at the Idaho National Engineering and Environmental 
Laboratory, and MSE Technology Applications, Inc.) jointly conducted 

25 a treatability study of jet grouting and retrieval at INEEL's Acid Pit, 
part of the Subsurface Disposal Area at the Radioactive Waste 
Management Complex. The treatability study was part of a Remedial 
Investigation/ Feasibility Study for a CERCLA action and followed 
three summers of testing at INEEL's cold test pit, during which the jet-
grouting concept was proven, several techniques were investigated, 
and various grouting materials were tested. 

Jet grouting is the injection of grout into the subsurface under high 
pressure , causing the grout to spread out and mix with contaminated 
soil and solid waste. As the grout cures, it solidifies with soil and 
closes up spaces between soil and solid waste. SCFA is investigating 
the extent to which a solid soil/grout mass can stop radioactive and 
hazardous materials from leaching from buried waste sites and be 
considered a permanent disposition solution. Monitoring of grouted 
waste sites will ensure that contaminants are stabilized and are not 
miaratina. 
EarthSaw™ 

The patented EarthSaw™ method of constructing in situ containment 

26 vault works like this: "A vertical slurry trench is excavated around the 
site, a special super dense grout is placed in the trench ... and a cable 
saw device cuts a horizontal path under the site. The block of earth 
then floats freely on the super dense grout, forming a full barrier 
under and around the block of earth." 
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http://www.supersonicairknife.com/airknife.shtml 

Air Knife Technology - Compressed air, typically 90 to 100 psi, is 
converted to a supersonic jet while flowing through a nozzle 
especially designed for the purpose. The maximum jet velocity that 
can be achieved is determined by the pressure available from the 
compressor. Exit velocities in the range of mach 1.6 to mach 1. 7 are 
typical for most portable compressors. Since the determining limit on 
mach number for the exiting jet stream is the available pressure, 
higher mach numbers can only be achieved by using higher 
compressor pressures. 

27 
Since the emerging jet stream diameter is the same as the nozzle exit 
diameter, the air stream is initially the same diameter as the nozzle 
exit. For this reason, some refer to this characteristic as being laser-
like. But as soon as the stream leaves the nozzle, it expands 
concentrically, since it is surrounded by atmospheric air. High speed 
video shows this rapid expansion, but it also shows that this high 
velocity air penetrates the ground to a depth of about a foot, creating 
a momentary cavity of about a foot in diameter, in which the dirt is 
crumbled . As the jet leaves that location or the air blast is ended, the 
dirt falls back on itself if the tool barrel is held close to the vertical. If 
the Air Knife barrel is inclined away from the user, the dirt can be 
blasted out the ground to a depth of one to two feet, depending upon 
technique. Since buried pipes, cables and tree roots are not porous, 
the dirt is removed from them and they are not damaqed. 
http://www.norcat.org/innovation-mining.aspx 

PATENTED DRILL BITS - One of these is the hydrogeology drill bit 
designed to accommodate a sample capture mechanism that could 
capture both consolidated and unconsolidated material. Critical to 
this patented design is the larger junk slot size to move cuttings up 
the auger and prevent bit balling. The key feature of this bit is its 

28 ability to drill multi media in a dry drilling (nonlubricated or flushed) 
drill mode. 

This drill bit was used in the all electric dry hydrogeology drill a unit 
which can be used for sampling in confined spaces where a full scale 
drill rig can not be accommodated. The hydrogeology drill has been 
used since fabrication , as a test bed for sample acquisition 
Remediation Methods developed at NORCAT. 
http://www.miningandconstruction.sandvik.com/sandvik/0120/lnternet 
/Global/S003715.nsf/LUSUSLFrameForm124A 12107 A7CD8BB6C12 
576F1002C8676?OpenDocument 

Dust suppression at loading and transfer points - Sandvik HX410 dust 
29 suppression systems exploit the principle of ionization to deliver a 

positive charge into airborne dust particles. Once charged , the 
particles are attracted to grounded surfaces including the system's 
stainless-steel casing and the product on the belt. Suitable for use 
with a wide range of materials, the HX410 system is available in a 
ranqe of standard sizes and can be tailored for almost any conveyor. 
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# Website and/or Remediation Method Synopsis 
httQ://www.midwestind.com/Qroducts-services/dust-control-
Qroducts.html and page 2.15 of Design & Application - Stabilization 
and Solidification 

Injection of soil cement or surface stabilization Polymer for dust 
control upon removal. Adding NO strength to soil matrix and 
eliminating dust. Products used by Bechtel Hanford at 1 00N trench 
work for surface and subsurface 

30 
Polymer S/S technologies process waste at relatively low 
temperatures by combining or surrounding wastes with liquid 
polymers. Cooling or curing of the polymer then produces a solidified 
final waste form product. Although polymer processes are primarily 
used to solidify waste, when combined with additives, they can be 
considered S/S technologies. These technologies are grouped 
together based on a fundamental similarity in the molecular structure 
of polymers, which are made of large molecules formed from the 
union of simple molecules (monomers). 
httQ://www.vironex.com/Services/lnSituRemediation.asQx?gclid=CI 1 j 
7nmwacCFUNl7 AodAFMdAw 

In situ Remediation Services - Vironex supports our clients with a 
strong focus on distribution of reagents rather than simply injection 
into the subsurface. This requires equipment and know-how to cost-
effectively distribute reagents under the flow and pressure constraints 
dictated by the target lithologies. 

31 With industry recognition that reagent/contaminant contact is directly 
related to the % pore volume injected, many of our consultant clients' 
remediation designs include the requirements for large volumes of 
oxidants or carbon substrates to be injected at multiple direct push 
injection points. To cost-effectively meet this need, Vironex has built 
a new generation of specialized injection rigs. 

Our rigs have efficiently mixed and injected hundreds of thousands of 
gallons of in situ remedial compounds commercially available to 
consultants. 
httQ://www.soilworks.com/ 

Durasoil® is distinctively crystal clear, odorless and is applied neat 
and simple, without the need for water dilution. This technologically 
advanced fluid does not cure, allowing for immediate use upon its 
application. Furthermore, Durasoil® has the unique ability to be 
reworked and still maintain its dust controlling properties. Any 
equipment capable of spraying water can safely be used to apply 

32 Durasoil®, without any mess or damage to the equipment. Even in 
freezing conditions, Durasoil® can still be applied when water soluble 
products cannot. Durasoil® can be applied to any soil or aggregate 
and effectively suppress dust all year round . Durasoil® has been 
rigorously evaluated and its performance verified by the U.S. Army 
Engineering Research and Development Center (ERDC) against the 
industry's traditional top performing dust control agents. As a result, 
the Department of Defense continues to recommend and award 
Soilworks® with contracts to supply all branches of the Armed Forces 
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globally, including operations in Iraq and Afghanistan. Its success 
with the US Military and the United Nations has led to Soilworks'® 
GSA contract (#GS-07F-5364P) and a complete listing of National 
Stock Numbers for the U.S. Department of Defense warehouses 
Contact is Erica Cohen 480-289-3215 
http://www.horizontalholes.com/ 
http://www.ejmpipe.com/html/capabilities.htm#augerboring 

Auger Boring - While new trenchless Remediation Methods have 
been developed in recent years, horizontal auger boring is still a tried 
and true method for utility installation. We take pride in sending you 
experienced crews and well maintained machines. All come 
completely outfitted with every piece of necessary equipment for 
diameters from 20 to 152.4 cm (8 to 60 in.). You'll receive 
instructions on pit preparation , length, width , depth, and so on. We'll 
inspect it prior to drilling to make sure it's safe and ready for our crew. 

'\ 

.. 

http://www.ejmpipe.com/html/capabilities.htm#augerboring 

Micro-tunneling - A trenchless method of constructing new sewer and 
water pipe without requiring man-entry. Typically used for pipes 
ranging from 20 to 137 cm (18 to 54 in .) in diameter and 12 to 15 m 
(40 to 50 ft) in depth. 

Our micro-tunneling method uses a "closed system;" water and mud 
removed from the ground are separated, decreasing the risk of 
environmental contamination . Because we complete micro-tunneling 
projects using safe, laser-guided equipment, there is minimal 
disruption to surface activities. Micro-tunneling is particularly 
effective in below-groundwater conditions and unconsolidated soils 
and where above- and below- round obstructions exist. 
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http://www-pub.iaea.org/MTCD/publications/PDF/te 1086 prn .pdf 

This process mixes soil with a slurry forming a cement-like matrix that 
immobilizes contaminated soil , can increases soil strength 
{depending on grout design chosen), decreases soil permeability, and 
provides many other gee-technical improvements without having to 

35 excavate contaminated soils. Deep soil mixing uses standard 
construction equipment with some specialized attachments, 
consisting of hollow stemmed augers and mixing paddles. During 
penetration , slurry containing the stabilizing agent is injected into the 
soil through the auger and is blended with the soil. The target 
contaminant group is inorganic materials. This technology is well 
developed and readily available at a low cost. 
Idea from TRIZ workshop 4/7/11 - Selectively remove the Cs-137 

36 with a heating and vapor extraction process. Concentrated Cs would 
be packaqed separately for disposition. 
Idea from TRIZ workshop 4/7/11 - Selectively remove the Sr-90 with 

37 an electro-magnet, capture and package concentrated Sr for 
disposition. 

38 
Idea from TRIZ workshop 4/7 /11 - Use a grout mixing as a lubricant 
and waste carrier for drillinq operations. 

39 Idea from TRIZ workshop 4/7/11 - Use a grout mixture as a waste 
transport media away from the removal location and pump grout 
mixture to waste container. 

40 
Idea from TRIZ workshop 4/7/11 - Use C and D Cells as waste 
containers for contaminated soils to be qrouted for monolith removal. 
Idea from TRIZ workshop 4/7/11 - access contaminated "curtain" by 

41 widening the B Cell floor expansion joint to allow access for 
introduction of stabilization agent - following the same path as the 
oriqinal contamination was introduced. 
Idea from TRIZ workshop 4/7/11 - Shield shipping containers or 

42 shipping vehicles as needed in horizontal direction with minimal 
shieldinq in vertical direction. 
Idea from TRIZ workshop 4/7/11 - Underpin intended B Cell monolith 

43 with transport at start of contamination removal to provide stability for 
removal of all contaminated soils. 

44 Idea from TRIZ workshop 4/7/11 - Leave contamination in place with 
a desiqned environmental cao 
Idea from TRIZ workshop 4/7/11 - Challenge Regulations - the risks/ 
exposures / cost of removal and disposition of these waste may 

45 demand / allow special case considerations such as road closure 
transport or change to CWC / ERDF WAC for disposition in a safe yet 
practical solution . 
http://books.google.com/books?id=keOR0ik8kXgC&pg=PA 183&Ipg= 
PA183&dg=fulvic+humic+radioactive+contamination&source=bl&ots= 
24uc7EC4pN&sig=sdjxatzalZodF NF TYm3LVieg8&hl=en&ei=gTuk 
TbH3HpKC0QGG2-

46 D6CA&sa=X&oi=book result&ct=result&resnum=2&sgi=2&ved=0CC 
YQ6AEwAQ#v=onepage&g=fulvic%20humic%20radioactive%20cont 
amination&f=false 
AND 
http://www.sciencedirect.com/science? ob=ArticleURL& udi=B6V7P-
3WMK3YW-
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6& user=10& coverDate=06%2F30%2F1999& rdoc=1& fmt=high& 

orig=gateway& origin=gateway& sort=d& docanchor=&view=c& a 
cct=C000050221& version=1& urlVersion=0& userid=10&md5=393 
b3a95a3a9556124d351 d3c069377f&searchtype=a 

Detoxifies Pollutants 
An important aspect of humic substances is related to their sorptive 
interaction with environmental chemicals, either before or after they 
reach concentrations toxic to living organisms. The toxic herbicide 
known as "Paraquat" is rapidly detoxified by humic substances (fulvic 
acids). Fulvic acids have a special function with respect to the 
demise of organic compounds applied to soil as pesticides. It has 
been established that fulvic acid is vital in helping to form new 
species of metal ions, binding with organic pollutants such as 
pesticides and herbicides, and catalyzing the breakdown of toxic 
pollutants. Radioactive substances react rapidly with fulvic acid, and 
only a brief time is required for equilibrium to be reached . All 
radioactive elements are capable of reacting with fulvic acid and thus 
forming organo-metal complexes of different adsorptive stability and 
solubility. 

Modify damage by toxic compounds - Christman, RF. , & Gjessing, 
E.T. (1983). Aquatic and terrestrial humic materials. The Butterworth 
Grove, Kent, England: Ann Arbor Science. Also: Prakash, A. (1971). 
Terrigenous organic matter and coastal phytoplankton fertility. In J.D. 
Costlow {Ed.), Fertility of the sea, 2, 351-368. (Proceedings of an 
International Symposium on Fertility of the Sea, Sao Paulo, Brazil , 
London, and New York: Gordon and Breach Science.) 

Environmental chemicals-

Paraquat - Fisher, AM., Winterle, J.S. , & Mill , T. (1967). Primary 
photochemical processes in photolysis mediated by humic 
substances. In R.G. Zika & W. J. Cooper (Eds). Photochemistry of 
environmental aquatic system (141-156). (ACS Sympoium Series 
327). Washington DC: American Chemical Society. 

Pesticides -Aiken, G.R. , McKnight, D.M., & Maccarthy, P. (1985). 
Humic substances os oil , sediment and water. New York: Wiley-
lnterscience. 

Radioactive properties - Szalay, A. (1958). The significance of 
humus in the geochemical enrichment of uranium. Proceedings of 
the 2nd International Conference on the Peaceful Uses of Atomic 
Enerqy, 2, 12-186 (London: Perqamon) 
http://www.schnabel.com/products/view/12 

Underpinning is the transfer of bearing for a structure's foundation 
from its existing level to a deeper level in the ground. There are a 

47 
number of reasons this may be required . Often an excavation for a 
new structure will occur within feet or inches of an existing 
foundation, and the bottom of the new excavation will be much lower 
than the bottom of the existing foundation. To prevent damage to the 
existing structure , its foundation bearing is extended to an elevation 
below the bottom elevation of the proposed excavation. 
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When an existing foundation is settling because the foundation has 
exceeded the bearing capacity of the soil immediately below that 
foundation, underpinning which can transfer the foundation load to a 
deeper and more competent soil stratum, may be the solution. This 
same transfer can be done if there is a desire to add dead load 
(which overstresses the soil below the foundation) to an existing 
structure. Another application is for seismic retrofit of an existing 
building or bridge foundation. 

Schnabel Foundation Company's staff and crews have decades of 
experience in the construction of hand-dug pit underpinning, bracket 
pile underpinning, and the use of micropiles and other systems to 
underpin structures. Communication between our design engineer, 
construction manager, foreman , and underpinning crew is maintained 
throughout the construction . This level of experience and close 
coordination, combined with our regular monitoring, has helped us to 
keep the movements of some very sensitive structures that we have 
underpinned within acceptable limits. 
http://containertechnologies.com/ 

Container Technologies Industries, LLC (CTI) is a small business 
founded in June 1997, in a Certified SBA HUBZone. CTI is a 
Certified SBA HUBZone Small Business Concern. Unlike many 
disadvantaged areas, CTl's local community offers an outstanding 
manufacturing environment and workforce of highly skilled, quality 
minded metal workers, that have been educated and trained in an 
accredited technical training center. 

Container Types Certification Services 
IP-1, IP-2 & IP-3 
DOT 7A Type A 

48 7 A Fissile Qualified 
Laundry Boxes 
Security, Shielded, & Specialty Containers 
NEW!!! Fold Down Containers with 4 to 1 Stack Ratio 
Design, Engineering, Testing 

Finite Analysis 
Refurbishing and Re-certification 
49 CFR-173 & 178 
Inner Packs Testing Services 
- Drop Test 
- Compression/ Stack Test 
- Vibration 
- Penetration 

European Patent Application 93106156.8 I filed April 15, 1993 

With these objects in view the present invention resides in a method 
for the removal of soluble heavy metal contaminants in a land 

49 formation characterized by the steps of: (a) introducing into said 
formation an aqueous remediation solution comprising naturally-
occurring ions present in said formation and remediation ions, said 
remediation solution selectively solubilizing and mobilizing said heavy 
metal contaminants into solution while substantially suooressinq the 
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displacement of said naturally-occurring ions from said formation; and 
(b) recovering said remediation solution from said formation ; thereby 
substantially removinq said contaminants from said formation in situ . 
US Patent 5,066,166 / filed Nov. 19, 1991 

The present invention provides a method and apparatus for removing 
gaseous or vaporizable contamination from a solid material through 
which vapor molecules may travel in a manner that does not require 
the whole-sale removal of the contaminated solid material. In 

50 accordance with the present invention, a container for holding a cryo-
adsorbing substance is provided. The container has a surface for 
placement adjacent to the contaminated solid material through which 
gaseous contaminants may enter the container. The cryo-adsorbing 
substance is cooled so that molecules of the contaminant gases 
entering the container are cryo-adsorbed by the substance, thereby 
being removed from the solid material. 
US Patent 5, 114,497 / filed May 19, 1992 

An improved process for the remediation of soil contaminated by the 
presence therein of organic or semi-volatile inorganic contaminants 
which comprises ( 1) supplying thermal energy to the soil at one or 

51 more locations under the surface of the soil , (2) collecting the vapors 
resulting from contaminant vaporization or decomposition under the 
influence of the thermal energy, after passage horizontally through 
the soil , at one or more locations under the surface of the soil and 
separating from the collected vapors the environmentally undesirable 
components thereof. 
US Patent 5, 137,608 / filed Aug 11 , 1992 

The embodiment of the present invention described here used 
electrokinetic phenomena to remove Pb(II) from water-saturated 

52 kaolinite under controlled conditions. Pb(II) was selected because it 
is a typically encountered heavy metal contaminant. The 
development and movement of pH gradients during electro-osmosis 
were also examined, because it was found that pH gradients play an 
important role in contaminant removal. 
US Patent 5,266,494 / filed Nov 30, 1993 
http://cpeo.org/techtree/ttdescript/soilwash.htm 

A process for determining the suitability of soil washing for various 
types of soils, sludges and other solids is disclosed. The process 
may be applied to relatively small soil samples which have been 

53 contaminated in order to determine the suitability and economics for 
treating the tested soil using a full-scale soil washing process. The 
process involves the steps of identifying the contaminated particle 
size ranges contained in the soil sample, identifying an effective 
extractant for removing the contaminant of interest, and identifying an 
effective leachate treatment approach for the particular soil sample of 
interest. 
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US Patent 5,268, 128 / filed Dec 7, 1993 
http://cpeo.org/techtree/ttdescript/soilwash.htm 

Particulate material is treated by first washing the contaminated 
material with a contaminant mobilizing solution comprising a leaching 
agent, a surfactant or a mixture thereof. Large particles, typically 
greater than 5 mm (0.2 in.) are mechanically separated, washed with 
water and returned to the site as recovered soil. Fines, along with 

54 contaminants dissolved or dispersed in the contaminant mobilizing 
solution are separated from intermediate sized particles by a 
countercurrent flow of the contaminate mobilizing solution, preferably 
in a mineral jig . The intermediate sized particles are then abraded in 
an attrition scrubber to dislodge attached mineral slimes or fines. 
These additional fines are separated from the intermediate sized 
particles with a countercurrent flow of wash water in a second mineral 
jig. The preferred oxidizing agent is chlorine, and hydrogen is the 
preferred reducinq aqent. 
US Patent 5,322,644 / filed Jun 21 , 1994 

A process for decontaminating radioactive material comprises the 
step of contacting the material with a dissolving composition to 
dissolve the contaminants in the material, said composition 
comprising a dilute solution of about 0.05 molar ethylene diamine 
tetraacetic acid , about 0.1 molar carbonate, about 10 g/L hydrogen 
peroxide and an effective amount of sodium hydroxide to adjust the 

55 pH of the composition to a pH from about 9 to about 11 . Also 
included are the steps of separating the dissolving composition 
containing the dissolved contaminants from the contacted material 
and recovering dissolved contaminants from the dissolving 
composition that has been separated from the material. A 
composition for dissolving radioactive contaminants in a material, 
comprising a dilute solution having a basic pH and effective amounts 
of a chelating agent and a carbonate sufficient to dissolve radioactive 
contaminates is also provided. 
US Patent 5,542,782 / filed Aug 6, 1996 
International Patent WO93/00483 I file Jan 7, 1993 

An apparatus for cutting soil and constructing sub-surface 
containment barriers, such as for constructing subsurface 
containment walls or basins around and under contaminated soils, 
comprises an elongated beam fro abutting an extended length of soil. 
The beam comprises a cutting assembly that creates a cutting action 

56 
against the extended length of abutting soil. The cutting assembly 
preferably comprises a conduit containing a plurality of jet ports 
through which high pressure fluid is ejected to impact he soil to be 
cut. The cutting assembly is maintained adjacent to the face of the 
soil to be cut. A method of cutting soil comprises generating cutting 
action along an extended locus of soil , and advancing the cutting 
action along a descending locus of the soil in response to gravity, or 
along a path determined by pre-placed pulling assemblies. 
Subsurface containment barriers are formed by when a jetted slurry 
or other suitable material cuts and mixes with the soil. 
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# Website and/or Remediation Method Synopsis 
US Patent 5,569,811 / filed Oct 29, 1996 

A process for treating a contaminated solid unacceptable for disposal 
in the environment is described whereby the contaminated solid is 

57 
contacted in a bath of a molten paraffinic hydrocarbon for time 
sufficient to expel moisture and to coat the solid rendering the 
contaminant immobile, isolated and unleachable into the 
environmental system once the paraffin has solidified. An 
embodiment of this invention employs a zeolite to absorb liquid 
wastes expelled from the solid. 
US Patent 5,860,232 / filed Jan 19, 1999 
An integrated safe excavation apparatus utilizing supersonic air jets 
coupled with high flow, pneumatic vacuum transport and a unique 

58 
separation system to excavate earth and other like material for the 
purpose of repairing, replacing or installing buried utility lines, 
remediating contaminated soils, uncovering buried objects containing 
discarded hazardous waste, safely exposing unexploded ordnance 
and other like ooerations. 
US Patent 5,908,267 / filed Jun 1, 1999 

A method for pneumatically fracturing a soil formation, and thereafter 
utilizing or maintaining the fracture network thus formed by 
continuous injection of a gas stream into the fracture network, and 
introducing into that gas stream dry media which is entrained in the 

59 
gas stream and thereby dispersed and distributed through the soil 
formation in substantially predictable or predetermined patterns, is 
described. The fracture network and/or the dry media contained 
therein create or enhance usefulness for a given purpose with 
respect to the soil formation. The method utilizes novel apparatus, 
especially high velocity nozzles which are substantially planar or 
directional and can be used in combination with the borehole casing 
to achieve a variety of fracturing and dry media injection effects. 
US Patent 5,980,446 / filed Nov 9, 1999 

Methods and systems are provided for stabilizing a subsurface area 
such as a buried waste pit for either long term storage, or interim 
storage and retrieval. A plurality of holes re drilled into the 
subsurface area with a high pressure drilling system provided with a 
drills tern having jet grouting nozzles. A grouting material is injected 
at high pressure through the jet grouting nozzle into a formed hole 
which the drill stem is withdrawn from the hole at a predetermined 
rate of rotation and translation. A grout-filled column is thereby 

60 
formed with minimal grout returns, which when overlapped with other 
adjacent grout-filled columns encapsulates and binds the entire waste 
pit area to form a surbsurface agglomeration or monolith of grout, 
soil, and waste. The formed monolith stabilizes the buried waste site 
against subsidence which simultaneously providing a barrier against 
contaminant migration. The stabilized monolith can be let 
permanently in place or can be retrieved if desired by using 
appropriate excavation equipment. The jet grouting technique can 
also be utilized in a pretreatment approach prior to in situ vitrification 
of a buried waste site. The waste encapsulation methods and 
systems are applicable to buried waste materials such as mixed 
waste, hazardous waste, or radioactive waste. 
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# Website and/or Remediation Method Svnoosis 
US Patent 6,543,539 / filed Apr 8, 2003 

A perforated casing may be placed within contaminated soil. 
Perforations within the casing may be covered during insertion of the 
casing into the ground. Covering the perforations may inhibit 
plugging of the perforations during installation. Covering the 

61 perforation may also inhibit worker exposure to contaminant dust or 
vapors during insertion of the casing into the ground. The covering 
for the perforations in a casing may be plugs that are placed or 
formed in the casing perforations. Alternately, the covering for the 
perforations may be a sleeve placed adjacent to the perforations. 
After installation of the casing, heating or chemically treating the 
perforation covers may remove the covings and allow insertion or 
removal of fluids and vaoor throuqh the casing . 
US Patent 6,632,047 / filed Oct 14, 2003 

An ISTD soil remediation system may be used to remove or reduce 
contamination within soil. Heat may be transferred to the soil from 
resistively heated, bare metal heater elements. The heater elements 
may be placed directly within the soil. Alternately, the heater 

62 
elements may be suspended within casings. The heater elements 
may be conductive heaters, or the heater elements may be radiative 
heater elements. The ISTD soil remediation system may include 
temperature-resistant, chemical resistant, flexible conduits that 
transport off-gas removed from the ground to a treatment facility. A 
residence time of off-gas within the conduits may be sufficient to 
allow the off-gas to cool so that the off-gas may pass to a treatment 
facility through a manifold and piping made of polymeric material. 
US Patent 6,719,822 B1 / filed Apr 14, 2004 

Material is decontaminated of a pollutant by using perennial woody 
plants with the ability to accumulate the pollutant in the leaves in high 

63 
concentrations. The decontamination is based on a combination of 
phytoextraction, pollutant transport with the falling of the leaves to the 
material surface, leaching of the pollutant out of the leaves 
decomposing on the material surface, and (physic-}chemical fixing of 
the pollutant in a reactive layer which is bounded by geotextiles and 
which physically and/or chemically binds the pollutant. 
US Patent 5,442, 180 / filed Aug 15, 1995 

The instant invention is an apparatus for determining the 
concentration of radioactive constituents in a test sample; such as 
surface soils, via rapid real-time analyses, and direct readout on 
location utilizing a probe made up of multiple layers of detection 
material used in combination with an analyzer and real-time readout 

64 
unit. This is accomplished by comparing the signal received from the 
probe, which can discriminate between types of radiation and 
energies with stored patterns that are based upon experimental 
results. This comparison can be used in the calibration of a readout 
display that reads out in real-time the concentrations of constituents 
per given volume. For example, the concentration of constituents 
such as Cs-137, Sr-90, U-238 in the soil , and noble gas radionuclides 
such as Kr-85 in the atmosphere, can be measured in real-time, on 
location, without the need for laboratorv analvsis of samples. 
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# Website and/or Remediation Method Synopsis 
US Patent - US2004/0120772 A 1 / filed Jun 24, 2004 
and Freeze Barrier System 

Freeze wells may be used to isolate an area for soil remediation . 
Freeze wells may form a frozen barrier around a treatment area. The 
frozen barrier may inhibit fluid from entering into the treatment area. 
The frozen barrier may also inhibit migration of contamination out of 

65 
the treatment area. The frozen barrier may be used to surround all of 
the perimeter of the treatment area. A frozen barrier may also be 
formed above or below a treatment area. Freeze wells may be 
activated in advance of soil remediation so that a frozen barrier is 
formed when soil remediation is begun. The soil remediation may be 
accomplished by any type of soil remediation system, including 
thermal solid remediation system. Heaters of a thermal soil 
remediation system may be placed close to the frozen barrier without 
the barrier beinq broken throuqh durinq remediation. 
US Patent - US2002/0111525 A 1 / Filed Aug 15, 2002 

A process for chemical fixation of radionuclides and radioactive 
compounds present in soils, solid materials, sludges and liquids. 
Radionuclides and other radioactive compounds are converted to 
low-temperature Apatite-Group structural isomorphs (general 
composition : (AB)5(X04)3Z),usually phosphatic, that are insoluble, 

66 non-leachable, non-zeolitic, and pH stable by contacting with a 
suspension containing a sulfate, hydroxide, chloride, fluoride and/or 
silicate source and a phosphate anion. The Apatitic-structure end 
product is chemically altered from the initial material and reduced in 
volume and mass. The end product can be void of free liquids and 
exhibits sufficiently high levels of thermal stability to be effective in 
the presence of heat generating nuclear reactions. The process 
occurs at ambient temperature and pressure. 
US Patent 5,833,395 / filed Nov 10, 1998 

A method for reducing the concentration of radioactive material in a 
contaminated area by removing contaminated soil from the 
contaminated area; determining a field survey specific activity 
concentration representative of the remaining soil in the contaminated 
area; comparing the field survey specific activity concentration wit a 

67 field validation data set to determine the total concentration of 
contaminating radioactive material in the contaminated area and 
removing additional quantities of contaminated soil from the 
contaminated area as required. The soil area may alternatively be 
blended with clean soil to reduce the concentration of radioactive 
material in the soil or a combination of blending and removal may be 
used. A method for estimating the total concentration of radioactive 
material in a soil sample is provided. 
US Patent 4,376,792 / filed Mar 15, 1983 

A method for producing a cesium-retentive waste form , characterized 

68 by a high degree of compositional stability and mechanical integrity, 
is provided by subjecting a cesium-loaded zeolite to heat under 
conditions suitable for stabilizing the zeolite and immobilizing the 
cesium, and coating said zeolite for sufficient duration within a 
suitable environment with at least one dense layer of pyrolytic carbon 
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# Website and/or Remediation Method Synopsis 
to seal therein said cesium to produce a final, cesium-bearing waste 
form. Typically, the zeolite is stabilized and the cesium immobilized 
in less than four hours by confinement within an air environment 
maintained at about 600 °C. Coating are thereafter applied by 
confining the calcined zeolite within a coating environment comprising 
inert fluidizing and carbon donor gases maintained at 1,000 °C for a 
suitable duration. 
US Patent 4,778,628 / filed Oct 18, 1988 

Disclosed is an underground waste barrier structure that consists of 
waste material, a first container formed of activated carbonaceous 
material enclosing the waste material, a second container formed of 
zeolite enclosing the first container, and clay covering the second 
container. The underground waste barrier structure is constructed by 

69 forming a recessed area within the earth, lining the recessed area 
with a layer of clay, lining the clay with a layer of zeolite, lining the 
zeolite with a layer of activated carbonaceous material, placing the 
waste material within the lined recessed area, forming a ceiling over 
the waste material of a layer of activated carbonaceous material , a 
layer of zeolite, and a layer of clay, the layers in the ceiling conjoining 
with the respective layers forming the walls of the structure, and 
finallv, coverinq the ceilinq with earth . 
US Patent 5,370,477 / filed Dec 6, 1994 

In situ decontamination of soil is accomplished by providing 
electromagnetic energy of relatively short wavelengths from an array 
of applicators (antennas), inserted into a borehole array that 
encompasses the contaminated zone. The borehole array geometry 
is designed according to the soil's thermophysical properties. 
Electromagnetic energy heating and heat transfer mechanisms are 
sued to raise the temperature of the soil to the desired level for 

70 vaporization of contaminants while at the same time avoiding 
excessive heat loss from the much larger array size. Heating is 
maintained throughout the contaminated zone after the final 
temperature has been reached by proper compensation of the 
envelope heat loss. Contaminants are evaporated by the heating. 
Contaminant vapors are collected by vapor collection pipes and/or a 
gas cover over the soil being heated. The contaminant vapors are 
then reduced in volume to manageably safe levels and then treated 
and/or disposed of. The release of contaminant vapors from the soil 
may be enhanced by the aoolication of sound enernv to the soil. 
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# Website and/or Remediation Method Svnoosis 
US Patent 5,489,370 / filed Feb 6, 1996 

Remediation of soil and groundwater using electropotential gradient 
induced migration of a target ion and immobilization and/or 
confinement of the target ion by a HRM. In addition to immobilizing 
and/or confining the target ion, the HRM can comprise a buffer or an 
ionizable species which releases an exchange ion during application 
of the electropotential gradient. The exchange ion, when less mobile 

71 than a (H+) ion or hydroxyl (OH-) ion, increases the efficiency of 
energy usage during decontamination. The exchange ion can also 
perform other tasks in the vicinity of the electrodes which improve the 
decontamination process. The host receptor matrix also can 
comprise a material which is water impermeable and which has a low 
surface energy, such as a layer of polytetrafluoroethylene film . When 
such a material is used, the host receptor matrix can comprise a 
receptacle in which there is a liquid and/or solid composition which 
immobilizes an/or contains the tarqet ion. 
US Patent 5,640,701 /filed Jun 17, 1997 

Soil comprising small soil particles, clay and silt particles, humus, fine 
vegetation , and contaminated with soluble or insoluble radioactive 
species is treated by first introducing an aqueous extracting solution 
comprising a mixture of sodium and potassium carbonate (or 
bicarbonate), or ammonium carbonate (or bicarbonate) into the soil to 
solubilize and disperse the radioactive species into solution. The 

72 
extracting solution has a pH greater than or equal to about 7.5. 
Contaminated fine vegetation then is separated from the soil and 
extracting solution. Next, an acid like hydrochloric acid is introduced 
into the soil. The acid is added in an amount sufficient to lower the 
pH of the extracting solution at which point desirable organic material 
will substantially precipitate or coagulate from the extracting solution . 
The cleansed soil particles, including organic matter, is separated 
from the contaminated extracting solution. Radioactive species are 
then removed from the extracting solution, which then may be 
reused. 
US Patent 6, 193,867 B 1 / filed Feb 27, 2001 

Methods for controlling electroosmotic flow through a porous medium 
by applying an electric field between a plurality of electrodes 

73 positioned in a porous medium, supplying an acid solution to at least 
one of the electrodes and/or the soil, and supplying a zeta potential 
modifying compound to at least one of the electrodes is disclosed. 
The methods can be used to separate organic as well as inorganic 
contaminants from porous mediums. 
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US Patent US2004/0111003 A1 / filed Jun 10, 2004 
The present invention relates generally chalcogenide ceramics which 
are used to immobilize radioactive and/or hazardous waste materials 
contained in underground and/or above-ground storage tanks, 
contaminated underground soil, contaminated water supplies, and/or 
other incidental wastes. More particularly, in one embodiment of the 

74 present invention, a storage tank is provided which contains a 
composition of material comprising : (a) radioactive and/or hazardous 
waste components; and (b) precipitate comprising chalcogenide 
ceramics which controls oxidation potential of any contact water 
which may be present within the composition and normal ceramics, 
wherein the precipitates immobilize the radioactive and/or hazardous 
waste components. 
European Patent 98204250.9 I Dec 15, 1998 

The contamination of parts of the food chain such as soils, water 
supplies and animal fodder with radiocaesium has long been a topic 
of concern . Methods of fixing radiocaesium are described which 
include the use of a 201 layer phyllosilicate which is at least partly 
exchanged with potassium, caesium, rubidium or ammonium. The 

75 partly exchanged 201 layer phyllosilicate may be contacted with soil 
and then the mixture subjected to a series of wetting and drying 
cycles. The transfer factor of radiocaesium to rowing plants is 
significantly reduced by the application of the partly exchanged 201 
layer phyllosilicate to soils independent of whether the soils have a 
low cation exchange capacity (e.g. , podzolic or sandy soils) or include 
a higher loading of organic material. 

Immobilizing Cs and U using Soil Amendments. 

Batch and dynamic leaching methods were used to evaluate the 
effectiveness of hydroxyapatite (HA), illite, and zeolite, alone and in 
combination , as soil additives for reducing the migration of cesium-
137 {1 37 Cs+) and uranium (U) from contaminated sediments. 
Amendment treatments ranging from 0 to 50 g kg-1 were added to the 
sediment and equilibrated in 0.001 M CaClh After equilibration , the 
treatment supernatants were analyzed for 7Cs+, U, PO4, and other 
metals. The residual sediments were then extracted overnight using 
one of the following : 1.0 M NH4CI, 0.5 M CaCl2, or the Toxicity 
Characteristic Leaching Procedure (TCLP) extractant. Cesium was 

76 
strongly sorbed to the contaminated sediments, presumably due to 
interlayer fixation with native illitic clays. In fact, 137 Cs+ was below 
detection limits in the initial equilibration solutions, the CaCl2 extract, 
and the TCLP solution , regardless of amendment. Extractants 
selective for interlayer cations ~1.0 M NH4CI) were necessary to 
extract measurable levels of 13 Cs+. Addition of illitic clays further 
reduced Cs+ extractability, even when subjected to the aggressive 
extractants. Zeolite, however, was ineffective in reducing Cs+ 
mobility when subjected to the aggressive extractants. 
Hydroxyapatite was less effective than illite at reducing NH/ -
extractable Cs+. Hydroxyapatite, and mixtures of HA with illite or 
zeolite, were highly effective in reducing U extractability in both batch 
and leaching tests. Uranium immobilization by HA was rapid with 
similar final U concentrations observed for equilibration times ranging 
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from 1 h to 30 d. The current results demonstrate the effectiveness 
of soil amendments in reducing the mobility of U and Cs+, which 
makes in-place immobilization an effective remediation alternative. 
US Patent US2002/0071725 A 1 / filed Jun 13, 2002 
And US Patent US-20070048095 A 1 

The present invention discloses a system and method for the use of 
structural support members, usually solder beams, that are placed 
into the ground for the temporary earth support system as part of the 
permanent foundation wall of a supported structure. The beams are 
accurately placed using known SMW technology into a series of 
plurality of adjacent soilcrete columns also constructed with known 
technology. The beams are placed in the soilcrete columns as they 
are being constructed and prior to excavation. As excavation 

77 proceeds and the columns have set up, a portion of the interior side 
of the soil-cement is trimmed to the front of and exposing the front 
flange of the soldier beam. At this time, connectors, typically shear 
studs, are welded to the front of the beams. Permanent lateral 
support members, such as floor slabs, or temporary lateral support 
members may then be attached to the structural support members 
directly, thus allowing the earth support wall to function as a 
temporary and permanent foundation wall. A reinforced concrete wall 
or facing is attached to the front of the beams to construct a 
composite structural capable of resisting the permanent lateral 
pressures, and where required , provide a more aesthetically pleasing 
finish. 
htt12 ://www.ncbi.nlm .nih.gov/12ubmed/09114277 
New methods for the reduction and remediation of hazardous wastes 
like carcinogenic organic solvents, toxic materials, and nuclear 
contamination are vital to environmental health. Procedures for 
effective waste reduction, detection, and removal are important 
components of any such methods. Toward this end, polymeric smart 

78 
materials are finding useful applications. Polymer-bound smart 
catalysts are useful in waste minimization, catalyst recovery, and 
catalyst reuse. Polymeric smart coatings have been developed that 
are capable of both detecting and removing hazardous nuclear 
contaminants. Such applications of smart materials involving 
catalysis chemistry, sensor chemistry, and chemistry relevant to 
decontamination methodology are especially applicable to 
environmental problems. 
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# Website and/or Remediation Method Svnoosis 
htt[;r//www.osti.gov/bridge/servlets/ourl/10104696-
ChZjPB/native/10104696.odf 

The purpose of the RES project is to test and demonstrate the 
capabilities of the excavation system and of the remotely-operated 
controls. The tests will be divided into two categories: (1) system 
performance test objectives and (2) component performance test 
objectives. The overall product will include test data on a mechanism 

79 to retrieve buried waste and an advanced control system that is 
applicable to various types of remote excavation. Demonstration of 
soil skimming capabilities of the RES for the Uranium Soils Integrated 
Demonstration (USID) at the INEL or included in this document. 
These testes include (1) preliminary equipment tests at ORNL, (2) 
open-air removal of overburden in layers from the retrieval cells of the 
INEL cold test pit, and (3) waste retrieval from the cold test pit 
retrieval cells in a temporary enclosure with contamination control 
methods. 
htto://www.environmental-
exoert.com/resultEachArticle.asox?cid=19960&codi=981 &lr=1 

80 DOE is currently developing excavation I retrieval systems that 
include a remote excavation system, a hydraulic impact end effector, 
and a high pressure waterjet dislodging and conveyance end effector 
usinq confined sluicinq. 
Intelligent Robots and Systems, 1997. IROS '97, Proceedings of the 
1997 IEEE/RSJ International Conference. 

Two new modes of real-time collision avoidance are presented which 
aid in the effectiveness of remote tele-operation. Sticky collision 
mode improves system safety by disallowing contact with modelled 

81 obstacles. Slippery mode is used do improve the efficiency of the 
process by reducing the required level of operator skill. Both modes 
execute in real-time and have been implemented and tested on a 
remote excavator system. It was found that precise geometries could 
be excavated using extremely simplified cutting strategies that 
required very little fine control on the part of the operator, thereby 
imorovinq the effectiveness of remote tele-excavation. 
http://oatft.usoto.gov/netacgi/noh-
Parser?Sect1 =PTO2&Sect2=H ITOFF&o= 1 &u=%2 Fnetahtml%2FPTO 
%2Fsearch-
adv. htm &r= 1 &f=G&l=50&d=PTXT &S 1=20060147001&OS=2006014 7 
001&RS=20060147001 

The present invention relates to a remote control system, a remote 
server, a remote control agent, and a remote control method. 

82 According to the present invention, when controlling the remote 
apparatus to perform a target service, remote apparatus information 
and service information are searched and a service plan is generated 
based on the searched remote apparatus information and service 
information for execution of the target service. In addition , a remote 
apparatus control process generated by the service plan and the 
process is performed. Therefore, users can easily control the remote 
apparatus and can be provided desired services. 
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http://patft.uspto.gov/netacgi/nph-
Parser?Sect1 =PTO2&Sect2=H ITOFF&p= 1 &u=%2Fnetahtml%2FPTO 
%2Fsearch-
adv.htm&r=1&f=G&l=50&d=PTXT&S1=20050081459&OS=20050081 
459&RS=20050081459 

... construction, comprising the steps of: forming a volume of loose 
83 granular material in a base soil; injecting a polymeric resin into the 

volume of loose granular material; and allowing the polymeric resin to 
cure and form a structural support within the base soil. ..... built on pile 
and beam foundations, concrete structural floor slabs, bridge 
abutments, concrete roads, walks, tarmacs, runways, retaining wall 
structures to prevent sloughing and collapse of soils under excavation 
, and vertical support members supporting above grade structures 
and facilities such as buildinq structures ... 
http://www.wsdot.wa.gov/ProjectsNiaduct/westernbuilding.htm 

The proposal, announced in March, would stabilize and support the 
Western Building in order to minimize damage during bored tunnel 
construction. Crews would install additional piles to support the 

84 
foundation , stabilize existing structural elements, and install 
temporary shoring and cabling inside the building. As an additional 
precaution, crews would construct a steel frame around the outside of 
the building and inject stabilizing grout into the soil. The initial 
estimate for the proposed stabilization and support work is $15-20 
million; further engineering will confirm the estimate. 

http://www.tunnelingonline.com/coversto[Y/archived/2006/04-
coversto[Y.php 

The geotechnical methods that are being used by Moretrench Corp. 
and other specialty contractors in support of tunneling and tunnel-
related operations are as varied as the potential subsurface 
conditions. The more complex and extensive the tunneling operation 
and the more challenging the subsurface conditions, the more likely it 
is that multiple geotechnical techniques will be required . The New 

85 York City Metropolitan Transit Authority's (MTA) East Side Access 
Contract CQ028 (bid in late March) is a case in point. 

The project includes a tunnel crossing with a recommended 
construction scheme consisting of a 125-ft long, 60-ft wide and 40-ft 
high NATM tunnel , a frozen ground canopy arch for groundwater 
control and temporary ground support, compensation grouting to 
protect the buried subway from settlement and a mechanism for 
heave control to limit the potential effects of freeze-generated ground 
heave on the existing structures. 

SRS H Canyon transuranic (TRU) waste repackaging team sent 10 
standard waste boxes (SWBs) and 2 standard large boxes (SLBs) to 
the Solid Waste Management Facility (SWMF), marking the end of a 

86 
month-long project (March 2011) to remediate and repackage a large 
steel box (LSB) containing a CLAB glove box. Working on this LSB, 
however, was no normal day at the office, even for a team whose 
days involve new and dangerous challenges in offices that consist of 
a contaminated Canyon, a plastic airlock or a crane room. 
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Website and/or Remediation Method Synopsis 
http://clu-in.org/remediation/ and http://www.frtr.gov/matrix2/ 

Very current website listing remediation technologies, vendors, 
training , etc., however it is limited to non radiological contaminants. 
May be useful in cost estimating and or resolving technical issue 
when a method is moved to the conceptual phase. 
http://www.insitufixation.com/projects/index.shtml 

I-SF recently completed two (2) separate contracts at DOE's 
Savannah River Site. Each project involved the solidification and 
stabilization of unlined earthen wastewater basins located adjacent to 
nuclear reactors. Both K-Area Reactor Seepage Basin and C-Area 
Reactor Seepage Basin contained low-level radioactive contaminated 
soils. The Dual Auger® was used to thoroughly mix a pozzalanic 
grout blend (cement/bentonite) into the contaminated soils. The soil 
type within the basins varied from sandy clay to stiff clay and by 
utilizing the versatility of the Dual Auger® ,different injection and 
mixing rates were used to efficiently treat the different soil types and 
at the same time meet or exceed the performance requirements. 
I-SF developed a special grout mixing and dispensing system to 
accommodate the viscous grout blend necessary to meet the Dual 
Auger® production capacity. Upon completion of the S/S mixing 
operations, I-SF installed an impermeable soil cap over each basin. 
In addition to the Soil Mixing Operation, I-SF solidified two 
contaminated piplines that conveyed the wastewater from the 
reactors to the basins and designed and constructed two large waste 
trenches for the containment of secondary low-level radioactive 
wastes. 

http://www.frtr.gov/matrix2/section4/4-29.html 
and EPA Tech Screening Guide and 
Technology Reference Guide for Contaminated Soils 

Excavation and off-site disposal is a well proven and readily 
implementable technology. Prior to 1984, excavation and off-site 
disposal was the most common method for cleaning up hazardous 
waste sites. Excavation is the initial component in all ex situ 
treatments. 

The rate of excavation depends on a number of factors , including the 
number of loaders and trucks operating. The excavation of 18,200 
metric tons (20,000 tons) of contaminated soil would typically require 
about 2 months. Disposal of the contaminated media is dependent 
upon the availability of adequate containers to transport the 
hazardous waste to a permitted facility. 

CERCLA includes a statutory preference for treatment of 
contaminants, and excavation and off-site disposal is now less 
acceptable than in the past. The disposal of hazardous wastes is 
governed by RCRA (40 CFR Parts 261-265), and the U.S. 
Department of Transportation (DOT) regulates the transport of 
hazardous materials ( 49 CFR Parts 172-179, 49 CFR Part 1387, and 
DOT-E 8876). 

DOE has demonstrated a cryogenic retrieval of buried waste system, 
which uses liquid nitroQen (LN2) to freeze soil and buried waste to 
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# Website and/or Remediation Method Synopsis 
reduce the spread of contamination while the buried material is 
retrieved with a series of remotely operated tools. Other 
excavation/retrieval systems that DOE is currently developing include 
a remote excavation system, a hydraulic impact end effector, and a 
high pressure waterjet dislodging and conveyance end effector using 
confined sluicing. 

Cost estimates for excavation and disposal range from $300 to $510 
per metric ton ($270 to $460 per ton) depending on the nature of 
hazardous materials and methods of excavation. These estimates 
include excavation/removal, transportation, and disposal at a RCRA 
permitted facility. Additional cost of treatment at disposal facility may 
also be required. Excavation and off-site disposal is a relatively 
simple process, with proven procedures. It is a labor-intensive 
practice with little potential for further automation. Additional costs 
may include soil characterization and treatment to meet land ban 
requirements. 
Additional cost information can be found in the Hazardous, Toxic, and 
Radioactive Wastes (HTRW) Historical Cost Analysis System (HCAS) 
developed by Environmental Historical Cost Committee of 
lnteragency Cost Estimation Group. 
http://www.frtr.gov/matrix2/section4/4-21 .html 

As for in situ solidification/stabilization (S/S) (see Technology Profile 
No. 4.9), ex situ S/S contaminants are physically bound or enclosed 
within a stabilized mass (solidification), or chemical reactions are 
induced between the stabilizing agent and contaminants to reduce 
their mobility (stabilization). Ex situ S/S, however, typically requires 
disposal of the resultant materials. Under CERCLA, material can be 
replaced on site . 

90 There are many innovations in the stabilization and solidification 
technology. Most of the innovations are modifications of proven 
processes and are directed to encapsulation or immobilizing the 
harmful constituents and involve processing of the waste or 
contaminated soil. Nine distinct innovative processes or groups of 
processes include: (1) bituminization, (2) emulsified asphalt, 
(3) modified sulfur cement, (4) polyethylene extrusion, 
(5) pozzolan/Portland cement, (6) radioactive waste solidification, 
(7) sludge stabilization , (8) soluble phosphates, and 
(9) vitrification/molten glass. 

http://cpeo.org/techtree/ttdescript/dco.htm 

The DCO process is attractive when a small amount of organic 
material must be removed from a large amount of an inert solid 
matrix, such as sludge, soil, sand, or filter material. DCO can treat a 
wide variety of organic wastes (liquids and solids; water-soluble or 

91 
not) and waste matrices (soils, sands, clays; ceramic substrates; 
steel machinery, etc.) contaminated with organic constituents. The 
rate of the oxidation reaction can be selected (through concentrations 
and temperature) to provide either complete destruction of organic 
substrates, or merely decontamination and etching of metal, ceramic 
or plastic debris. DCO is also well suited for certain types of 
decontamination, using peroxydisulfate alone or with another 
chemical oxidant. 

Remediation Alternatives Evaluation for Contaminated Soil Beneath the 324 Building 
December 2011 

WCH-503 
Rev. 0 

Abbreviated Name 

General Information -
Stabilization and 
Solidification 

Removal - Direct 
Chemical Oxidation 

A-28 



# Website and/or Remediation Method Synopsis 
http://cpeo.org/techtree/ttdescript/ecrta.htm 

Electrochemical Remediation Technologies (ECRTs) use a 
proprietary AC/DC electrical signal to mineralize organic compounds 
(e.g. volatile organic compounds (VOCs)), and to mobilize and 
remove metal contaminants . Proprietary AC/DC converters produce a 
low-voltage, low-amperage electrical field that polarizes the soil or 
sediment (soil), causing soil particles to charge and discharge 
electricity. This causes redox reactions that occur at all interfaces 

92 within the soil-groundwater-contaminant-electrode system, 
mineralizing organics and increasing the mobilization of metals. 
Metals migrate to the electrodes where they are deposited and 
removed with the electrodes. There are several distinctions between 
ECRTs and traditional electrokinetics. First, relatively low energy 
input is required to perform remediation. Second, ECRTs generally 
are effective within months, instead of years, and they can be 
performed in situ or ex-situ. Third , metals generally migrate to and 
deposit at both electrodes, unlike classical electrokinetic techniques, 
in which metals migrate in the direction of only one electrode. This 
shortens cleanup time. 
http://cpeo.org/techtree/ttdescript/excdis.htm 

This process, colloquially known as "dig and haul ," removes 
contaminated material (soil , solid wastes) from its current location 
and transports it to a permitted off-site treatment and/or disposal 

93 facility. Some pretreatment of the contaminated media is usually 
required to comply with land disposal restrictions. At some sites, the 
area to be excavated is not predetermined: as soil is removed the 
area surrounding it is sampled until all soil around the excavated site 
tests cleaner than the remedial objectives. 

http://cpeo.org/techtree/ttdescri pt/fractu. htm 

Fracturing is a technology designed to increase the efficiency of 
removal and in situ treatment techniques. It is primarily used in 

94 difficult soil conditions to enlarge existing fissures and introduce new 
fractures. The new fractures occur primarily in the horizontal 
direction, and they facilitate Soil Vapor Extraction (SVE) or methods 
that inject gases or fluids for Enhanced Bioremediation. Common soil 
fracturing technologies include blast-enhanced fracturing, pneumatic 
fracturinq (PF), the Lasaona TM process, and hvdro-fracturina. 
http://cpeo.org/techtree/ttdescript/insuesm.htm 

95 In situ Enhanced Soil Mixing (ISESM) is a treatment technology for 
remediating soils contaminated with volatile organic compounds 
(VOCs). ISESM combines a number of in situ soil treatment 
technoloqies that can treat fine-qrained soils. 
http://cpeo.org/techtree/ttdescri pt/soi I flus. htm 

96 Soil flushing is a technology used for extracting contaminants from 
the soil. It works by applying water to the soil. The water has an 
additive that enhances contaminant solubility. 
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htt12://c12eo.org/techtree/ttdescri12t/se12aratn .htm 
Solid-phase separation techniques concentrate contaminants, such 

97 
as metals and radionuclides, through physical and chemical 
processes. There are several types of techniques for separating 
sol ids from soil. These processes are gravity, sieving, dry soil 
separation , maqnetic, and chemical leaching 
httQ ://c12eo. org/techtree/ttdescri Qt/wide. htm 

The Well Injection Depth Extraction system is a hybrid soil 
98 

flushing/soil vapor extraction system that uses Prefabricated Vertical 
Wells in lieu of conventional wells or sumps to extract groundwater 
and inject liquid flushinq aqents. 
Nano Enabling Technology for Radionuclides 

Excerpt from Page 25 of above reference: 
This report does not address technologies complementary to 

99 
radionuclide remediation or sensing . For example, if a subsurface 
plume were to contain both RCRA organic would accomplish much in 
assisting with the management of the radionuclide. Though this type 
of consideration is beyond the scope of this report, it represents yet 
another approach by which nanoparticles can assist in the 
manaqement of radionuclide problems. 

http://www.marshalltonlabs.com/Products.aspx#BOBCalixC6 

Cesium extractant BOBCalixC6 was invented by Oak Ridge National 
Lab for the removal of cesium from aqueous salt feedstocks . Cs-7SB 
modifier improves the solubility of BOBCalixC6 in the formulated 
solvent system, and increases its effectiveness in capturing cesium 

100 ions. They are key components for CSSX and Fission-Product 
Extraction processes. The CSSX process has been demonstrated in 
plant-scale operations at DOE's Savannah River Site. 

BEHBCalixC6 is a next-generation cesium extractant with superior 
solubility properties and greatly improved efficiency. It can process 
higher-curie feeds and accommodate streams with heavier loadings 
of potassium. 

GETF 1996 (#24) 
Geotechnical Baseline Report 2001 (#1) 
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Treatment - Soil 
Cleaning w/ Chemical 
or Physical Means 

Treatment- Soil 
Flushing and Vapor 
Extraction 

Stabilization - Nano-
Management of 
Radiological 
Contaminants 

Treatment - Chemical 
Soil Washing 

Comprehensive Environmental Response, Compensation, and Liability Act of 1980, 42 U.S.C. 9601 , et seq . 
Resource Conservation and Recovery Act of 1976, 42 U.S.C. 6901 , et seq ., as amended. 

CERCLA 
cssc 
CTI 
DOE 
DOT 
HRM 
INEEL 
INL 
ISTD 
RCRA 
VLB 
WAC 
WCH 

= Comprehensive Environmental Response, Compensation, and Liability Act of 1980 
= Caustic-Side Solvent Extraction 
= Container Technologies Industries 
= U.S. Department of Energy 
= U.S. Department of Transportation 
= host receptor matrix 
= Idaho National Engineering and Environmental Laboratory 
= Idaho National Laboratory 
= in situ thermal desorption 
= Resource Conservation and Recovery Act 
= viscous liquid barrier 
= waste acceptance criteria 
= Washington Closure Hanford 

Remediation Alternatives Evaluation for Contaminated Soil Beneath the 324 Building 
December 2011 A-30 

I 

I 
I 

I 
I 
I 



APPENDIX B 

WCH-503 
Rev. 0 

PROCESS OF SCREENING REMEDIATION MEANS AND METHODS 

Remediation Alternatives Evaluation for Contaminated Soil Beneath the 324 Building 
December 2011 B-i 



Remediation Alternatives Evaluation for Contaminated Soil Beneath the 324 Building 
December 2011 

WCH-503 
Rev. 0 

B-ii 



WCH-503 
Rev. 0 

APPENDIX B 

PROCESS OF SCREENING REMEDIATION MEANS AND METHODS 

Each of the means and methods (M&Ms) listed in Appendix A were initially screened for 
feasibility per the high-level criterion in Table B-1. The M&Ms that were screened out (and 
eliminated from further consideration) are shown in Table B-2 below with the rationale for 
exclusion (from Table B-1 ). 

Table B-1. Criterion for Screening/Elimination. 

General Information - No specific stabilization , removal , or waste disposition M&Ms are included in 
these items and as such were not included in any remediation alternatives. It may be suggested that 
during conceptual or detailed design of chosen remediation alternative, another review of these items 
be made to possibly enhance or apply lessons learned identified in these M&Ms to the chosen 
remediation alternative. 
Too Much Unconfined Liquid - Process involved injecting some form of liquid into the 
contaminated soils with the intent to mobilize the contaminants. While further confinement with a 
newly installed vertical and horizontal barrier could be added, further confinement would add cost, 
schedule and complexity to deployment of any of these M&Ms. 
Partial Solution - These M&Ms were too target specific so that only a portion of or certain target 
radionuclide were affected while possibly affecting other contaminants, but would need further 
combinations of M&Ms to remove the full ranqe of oroiect contaminants. 
Double Handling of Waste Matrix - These M&Ms involved treatment or further handling of the 
contaminated soils after removal to the extent that large/shielded confinements, facilities, or 
equipment would have to be constructed or installed to implement the M&M. In many cases, 
generation of a secondary waste was involved , whose volume could be significant and designation 
likely mixed waste because of the treatment processes/chemical used. 
Other/Experimental - The M&Ms that have demonstrated some success in the laboratory or appear 
to be niche-type remediation techniques, but not fully deployed or practical for either the size or 
contamination levels to be encountered. 
M&M = mean and method 
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4 
Removal - Soil treatment to concentrate 
contaminants 

5 
General Information - Temporary hot cell X 
for waste storaqe 

6 
Removal - Soil treatment to concentrate 
contaminants 

18 
Removal - Contamination cleanup after X 
weapons testing 

19 General Information - Waste storage X 

20 
Stabilization - Bacteria confines Sr-90 in X 
calcite 

29 
Stabilization - Ionizing dust control 
conveyors 

36 Removal - Cs vapor extraction X 
37 Removal - Sr/magnetically X 

41 
Stabilization - Insert stabilizing liquid 
through exp. joint 

45 
Waste Container - Challenge DOT and X 
WAC exoectations 

46 Stabilization - Fulvic acid injection 

48 
Waste Container - Certified containers X 
from SBA HUB Zone Company 

49 
Removal - Mobilize and remove 
contaminants in a liquid 

50 
Removal - Gaseous contaminants in a X 
cryo-absorbing substance 

51 
Removal - Vacuum extraction of gaseous X 
and volatile contaminants 

52 Treatment - Soil washing for lead X 

53 
Treatment - Laboratory suitability test for 
soil washinq 

54 
Treatment - Soil washing with a leaching 
agent and sorting by particle size 

55 
Treatment - Soil washing by selectively 
dissolving the contaminants of concern 

59 In situ with enhanced voe removal X 

61 
Removal - Vapor extraction with X perforated casinq 
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62 In Situ thermal desorption X 
63 Removal - Phytoremediation X 

64 
General Information - Real time X radiological measure of surface soils 

65 
Stabilization - Insert stabilizing liquid 
throuqh expansion ioint 

67 
Removal - Blending of contaminated soils X 
to lower specific activity 

68 Removal - Cs capture in Zeolite X 

69 
General Information - Waste disposal site X 
barriers 

70 
Removal - Vaporize and extract X 
contaminants 

71 
Removal - Bulk source ion removal to a 
host receptor matrix 

72 
Removal - Mobilize contaminants in 
aqueous solution for IX removal 

73 
Removal - Mobilize contaminants in acid 
for collection with an electroosmotic flow 

74 
Stabilization - Immobilize contaminants by X 
precipitation in soil 

75 
Stabilization - Fixation of trace amounts of X 
Cs 

76 
Stabilization - Immobilizing Cs and U X 
using soil amendments 

77 
Stabilization - Earth support and X 
permanent foundation wall support system 

80 
Removal - HP water jet and confined 
sluicing 

84 
Stabilization - Building stabilization with X 
piles, shoring , and cabling inside building 

86 
General Information - Work planning X 
success in high activity and high risk work 

87 General Information - Resource from EPA X 

89 
Removal - General EPA information on X 
screening and removal 

90 
General Information - Stabilization and X 
solidification 
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91 Removal - Direct chemical oxidation X 
92 In situ electrochemical remediation 

93 Removal - Dig and haul X 
94 In situ fracture prior to treatment X X 
95 In situ soil mixing for voe removal X 
96 Removal - Soil flushing 

97 Treatment - Soil cleaning with chemical or X 
physical means 

98 
Treatment - Soil flushing and vapor 
extraction 

99 
Stabilization - Nano-management of 
radiological contaminants 

100 Treatment - Chemical soil washing 

DOT = U.S. Department of Transportation 
EPA = U.S. Environmental Protection Agency 
IX = ion exchange 
M&M = mean and method 
voe = volatile organic compound 
WAC = waste acceptance criteria 
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APPENDIXC 

DESCRIPTION OF REMEDIATION ALTERNATIVES 

The following appendix lists the final 14 alternatives that were included within the alternatives 
evaluation, with cross reference to the means and methods identified for consideration in 
Appendix A. 

A-1 at ERDF 
Vacuum Removal with Concrete and Cobble Breaker with 

Waste Packaging Inside B Cell 

Assumptions for this Alternative: 
B Cell crane is refurbished to original 10-ton capacity. 
Stabilization Method - Scope and Description: 
Install micro-piles through contaminated zone from outside B Cell before waste removal. 
Backfill holes after waste removal with control density fill. There is to be no dust 
suppressant or in situ treatment as this would interfere with vacuum removal operations. 

Means and Methods to be considered (from Appendix A): 43, 47 

Building and Site Prep Work - Scope and Description: 
B Cell crane refurbishment will be required, full electrical upgrade, wire rope replacement 
and hook nondestructive testing or replacement. 
Building exhaust system will be refurbishment and relied on to maintain confinement during 
removal operations. 
Safety documentation would be a revision of the current DSA. 
Removal Method - Scope and Description: 
Removal occurs through B Cell floor, breaking floor with a small remotely operated hydraulic 
hammer/vacuum sand/break cobble, vacuum cobble to depth and extent needed. Vacuum 
and breaking equipment to be installed in B Cell and operated remotely. 
Readiness expectation - RL-ORR. 
A vacuum soil removal system will be used along with small remotely operated excavator or 
similar hydraulic hammer to break floor and cobble to allow vacuum removal. 
Means and Methods to be considered (from Appendix A): 3, 8, 9, 11, 79, 81 , 82 

Waste Disposition and Packaging - Scope and Description: 
No waste treatment is planned, except that stabilization and shielding grout would be 
expected for the box liners. 
Type and size of container - DOT compliant SWB with -8 cm (3 in .) of lead. 
Mode of transportation - truck shipments with two or three boxes on each truck. 
Means and Methods to be considered (from Appendix A): 42, 48 

DOT = U.S. Department of Transportation 
DSA = Documented Safety Analysis 
ERDF = Environmental Restoration Disposal Facility 
RL-ORR = U.S. Department of Energy, Richland Operations Office operational readiness review 
SWB = standard waste box 

Remediation Alternatives Evaluation for Contaminated Soil Beneath the 324 Building 
December 2011 C-1 



WCH-503 
Rev. 0 

A-2 at ERDF 
Vacuum Removal with Concrete and Cobble Breaker with 

Waste Grouted into CID Cell as a Monolith 

Assumptions for this Alternative: 
C and D Cell are packaged as a monolith that meets the MSPA for shipment to ERDF. 
C and D Cell are structurally capable of being a monolith when filled in prescribed lifts -
similar to A Cell which was investigated earlier. 
B Cell crane is refurbished to orioinal 10-ton caoacitv. 
Stabilization Method - Scope and Description: 
Install micro-piles or drive support beams through contaminated zone from outside B Cell 
before waste removal and backfill holes with CDF after waste removal. There is to be no 
dust suppressant or in situ treatment as this would interfere with vacuum removal 
operations. 
Means and Methods to be considered (from Appendix A): 43, 47 

Building and Site Prep Work - Scope and Description: 
B Cell crane refurbishment will be required , full electrical upgrade, wire rope replacement, 
and hook nondestructive testing or replacement. 
Building exhaust system will be refurbishment and relied on to maintain confinement during 
removal operations. 
Safety documentation would be a revision of the current DSA. 
C/D cell use required - yes - need to underpin/support as needed. 
Removal Method - Scope and Description: 
Removal occurs through B Cell floor, breaking floor/vacuum sand, break cobble, vacuum 
cobble to depth and extent needed. Vacuum and breaking equipment to be installed in 
B Cell and operated remotely. 
Readiness expectation - RL-ORR. 
A vacuum soil removal system will be used along with small remotely operated excavator 
or similar hydraulic hammer to break floor and cobble to allow vacuum removal, then 
added grouting and pumping equipment would be install for mixing and waste transport to 
C or D Cell monolith . 
Means and Methods to be considered (from Appendix A): 3, 8, 9, 11 , 79, 81 , 82 

Waste Disposition and Packaging - Scope and Description: 
Only waste treatment required is the solidification/remote grouting of waste soil and 
pumping that matrix from the B Cell or airlock to the C and D Cells which will provide 
shielding and act as the monoliths outer containers. Monolith to be shipped under the 
MSPA with multi-wheeled transport to ERDF. 
Means and Methods to be considered (from Appendix A): 39, 40 

CDF = control density fill 
DSA = Documented Safety Analysis 
ERDF = Environmental Restoration Disposal Facility 
MSPA = monolith special packaging authorization 
RL-ORR = U.S. Department of Energy, Richland Operations Office operational readiness review 
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B-1 to ERDF 
Concrete and Cobble Breaker with Waste 

Packaging Inside B Cell 

Assumptions for this Alternative: 
B Cell Crane is refurbished to oriQinal 10-ton capacity. 
Stabilization Method - Scope and Description: 
Install micro-piles or drive support beams through contaminated zone from outside B Cell 
before waste removal, inject soft CDF into waste matrix for dust control, and backfill holes 
with CDF after waste removal. 
Means and Methods to be considered (from Appendix A): 1, 35, 60, 43, 47 

Building and Site Prep Work - Scope and Description: 
B Cell crane refurbishment will be required , full electrical upgrade, wire rope replacement, 
and hook nondestructive testing or replacement. 
Building exhaust system will be refurbishment and relied on to maintain confinement during 
removal operations. 
Safety documentation would be a revision of the current DSA. 
Removal Method - Scope and Description: 
Removal occurs through B Cell floor with a small remotely operated excavator or similar 
with hydraulic hammer and bucket to break floor and cobble and remove all waste. 
Readiness expectation - readiness assessment. 
Adaptability of equipment (do multiple functions)- break and remove with a small, remotely 
operated excavator unit 
Means and Methods to be considered (from Appendix A) : 8, 9, 11 , 79 , 81, 82 

Waste Disposition and Packaging - Scope and Description: 
Grout and waste filled SWB liners in B Cell or airlock with 8 cm (3 in.) of lead on SWBs. 
Type and size of container - DOT compliant SWB with -8 cm (3 in .) of lead. 
Mode of transportation - truck shipments with two or three boxes on each truck. 
Means and Methods to be considered (from Appendix A): 42, 48 

CDF = control density fill 
DOT = U.S. Department of Transportation 
DSA = Documented Safety Analysis 
ERDF = Environmental Restoration Disposal Facility 
SWB = standard waste box 
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B-2 to ERDF Concrete and Cobble Breaker with Waste 
Grouted into CID Cell as a Monolith 

Assumptions for this Alternative: 
C and D Cell are packaged as a monolith that meets the MSPA for shipment to ERDF. 
C and D Cell are structurally capable of being a monolith when filled in prescribed lifts -
similar to A Cell which was investigated earlier. 
B Cell crane is refurbished to orioinal 10-ton capacity. 
Stabilization Method - Scope and Description: 
Install micro-piles or drive support beams through contaminated zone from outside B Cell 
before waste removal. Inject soft GDF for dust control and backfill holes with GDF after 
waste removal. 
Means and Methods to be considered (from Appendix A): 1, 35, 60, 43, 47 

Building and Site Prep Work - Scope and Description: 
B Cell crane refurbishment will be required , full electrical upgrade, wire rope replacement, 
and hook nondestructive testing or replacement. 
Building exhaust system will be refurbishment and relied on to maintain confinement during 
removal operations. 
Safety documentation would be a revision of the current DSA. 
C/D cell use required - ves - need to underpin/support as needed. 
Removal Method - Scope and Description: 
Removal occurs through B Cell floor, with a small remotely operated excavator or similar 
with hydraulic hammer and bucket to break floor and cobble and remove all waste. Grout 
pump located in B Cell will be used to pump grout/waste to C or D Cell using a boxes hose 
piping system inside the airlock. 
Readiness expectation - readiness assessment. 
Means and Methods to be considered (from Appendix A): 8, 9, 11 , 79, 81 , 82 

Waste Disposition and Packaging - Scope and Description: 
Slurry of waste and grout is pumped to C or D Cell for formation of a monolith for disposal 
at ERDF, using grout mixing and pumping equipment locations in B Cell or airlock. The 
expected type and size of container will be the C and D Cell as monoliths, using the C and 
D Cell walls for shielding and the outside of the transport package. 
Monoliths to be shipped under a MSPA using a multi-wheeled transport for ERDF disposal. 
Means and Methods to be considered (from Appendix A): 39, 40 

CDF 
DSA 
ERDF 
MSPA 

= control density fi ll 
= Documented Safety Analysis 
= Environmental Restoration Disposal Facility 
= monolith special packaging authorization 
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C-1 at ERDF 
Directional or Vertical Drilling from Inside B Cell with Bit 

Lubricated with Soft Grout Pumped to an SWB 

Assumptions for this Alternative: 
B Cell crane is refurbished to original 10-ton capacity. 
Stabilization Method - Scope and Description: 
Install micro-piles or drive support beams through contaminated zone from outside B Cell 
before waste removal and backfill holes with CDF after waste removal. No pretreatment of 
waste matrix is planned. Removal process will use grout as a drill bit lubricant for 
collection with soil as removal occurs. 
Means and Methods to be considered (from Appendix A): 35 (for backfill), 43, 47 

Building and Site Prep Work - Scope and Description: 
Provide for clean grout source and pump to support drilling operations inside B Cell. 
B Cell crane refurbishment is required as is refurbishing of the Building Zone 1 exhaust 
system . A and/or C/D cell will not be used. 
Revision of the existing safety document is expected. 
Removal Method - Scope and Description: 
Removal occurs through B Cell floor, drilling through floor/remove contamination with 
grout/drill lubricant as cuttings to depth and extent needed. A small, remotely positioned 
and operated drill rig , using a clean grout source and pumping equipment that is operated 
from a clean area. Waste box liners will be filled in B Cell and loaded into shielded boxes 
inside the airlock. 
Readiness assessment is expected to be performed prior to hot work. 
Means and Methods to be considered (from Appendix A): 7, 28, 88 

Waste Disposition and Packaging - Scope and Description: 
Grout and waste filled liners in B Cell and liners loaded into the shielded SWBs in the 
airlock is planned, with the waste soils mixing with soft grout that was used as a drill 
lubricant as part of the removal operations. 
Is treatment required - solidification of drill cuttings (waste and grout lubricant). 
Shielding is planned for 8 cm (3 in.) of lead on SWB's sides/top/bottom , procure liners and 
DOT compliant SWBs specific for this work. Truck transport (two or three boxes per load) 
is planned. 
Means and Methods to be considered (from Appendix A): 38, 39, 42, 48 

CDF 
DOT 
ERDF 
SWB 

= control density fill 
= U.S. Department of Transportation 
= Environmental Restoration Disposal Facility 
= standard waste box 
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Directional or Vertical Drilling from Inside B Cell with 
C-2 at ERDF Bit Lubricated with Soft Grout Pumped to 

CID Hot Cell as a Monolith 
Assumptions for this Alternative: 
C and D Cell are packaged as a monolith that meets the MSPA for shipment to ERDF. 
C and D Cell are structurally capable of being a monolith when filled in prescribed lifts -
similar to A Cell which was investigated earlier. 
B Cell crane is refurbished to oriciinal 10-ton capacity. 
Stabilization Method - Scope and Description: 
Install micro-piles or drive support beams through contaminated zone from outside B Cell 
before waste removal and backfill holes with CDF after waste removal. No pretreatment of 
waste matrix is planned. Removal process will use grout as a drill bit lubricant for 
collection with soil as removal occurs. 
Means and Methods to be considered (from Appendix A): 35 (for backfill), 43, 47 

Building and Site Prep Work - Scope and Description: 
Provide for clean grout source and pump to support drilling operations inside B Cell. BCell 
crane refurbishment is required as is refurbishing of the Building Zone 1 exhaust system. 
A will not be used, but CID cell will require preparation to be filled with grouVwaste mixture. 
Revision of the existing safetv document is expected. 
Removal Method - Scope and Description: 
Removal occurs through B Cell floor, drilling through floor/remove contamination with 
grouVdrill lubricant as cuttings to depth and extent needed. A small , remotely positioned 
and operated drill rig, using a clean grout source and pumping equipment that is operated 
from a clean area. Grout pump located in B Cell will be used to pump grouVwaste to C or 
D Cell using a boxes hose piping system inside the airlock. 
Readiness assessment is expected to be performed prior to hot work. 
Means and Methods to be considered (from Appendix A): 7, 28, 88 

Waste Disposition and Packaging - Scope and Description: 
Slurry of waste and grout (originally used as a lubricant) is pumped to C or D Cell for 
formation of a monolith for disposal. Monolith will be shipped under a MSPA, using a 
multi-wheeled transport vehicle to ERDF. 
Means and Methods to be considered (from Appendix A): 38, 39, 40 

CDF = control density fill 
ERDF = Environmental Restoration Disposal Facility 
MSPA = monolith special packaging authorization 
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D-1 at ERDF Vertical Air Knife and Vacuum Removal with Concrete and 
Cobble Breaker with Waste Packaging Inside B Cell 

Assumptions for this Alternative: 
B Cell crane is refurbished to oriqinal 10-ton capacity. 
Stabilization Method - Scope and Description: 
Install micro-piles or drive support beams through contaminated zone from outside B Cell 
before waste removal and backfill holes with GDF after waste removal. 
Means and Methods to be considered (from Appendix A): 43, 47 

Building and Site Prep Work - Scope and Description: 
B Cell Crane refurbishment is required, as is refurbishment of the Building Zone 1 exhaust 
system. 
Safety document is planned for revision of the current DSA. 
Removal Method - Scope and Description: 
Removal occurs through B Cell floor, with a small , remotely operated excavator mounted 
hammer to break floor and any needed cobble/air knife and vacuum sand, break cobble, 
vacuum cobble to depth and extent needed. 
Readiness expectation - readiness assessment. 
Means and Methods to be considered (from Appendix A): 3, 27, 58, 8, 9, 11, 79, 81 , 82 

Waste Disposition and Packaging - Scope and Description: 
Package waste into a liner in B Cell and then to the shielding SWB in the airlock, add grout 
as the box is filled if needed for stabilization or encapsulation issues. DOT-compliant SWB 
shielding and venting requirements are planned for up to 8 cm (3 in.) of lead on SWBs on 
sides/top/bottom which is special purchase for this project. Truck transport is planned for 
two or three boxes at a time from the project site. 
Means and Methods to be considered (from Appendix A): 39, 42, 48 

CDF = control density fill 
DOT = U.S. Department of Transportation 
DSA = Documented Safety Analysis 
ERDF = Environmental Restoration Disposal Facility 
SWB = standard waste box 
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Vertical Air Knife and Vacuum Removal with Concrete 
D-2 at ERDF and Cobble Breaker from Inside B Cell with 

Waste Grouted into C or D Cell 
Assumptions for this Alternative: 
C and D Cell are packaged as a monolith that meets the MSPA for shipment to ERDF. 
C and D Cell are structurally capable of being a monolith when filled in prescribed lifts -
similar to A Cell which was investigated earlier. 
B Cell crane is refurbished to oriQinal 10-ton capacity. 
Stabilization Method - Scope and Description: 
Install micro-piles or drive support beams through contaminated zone from outside B Cell 
before waste removal and backfill holes with CDF after waste removal. 
Means and Methods to be considered (from Appendix A): 43, 47 

Building and Site Prep Work - Scope and Description: 
B Cell crane refurbishment is required, as is refurbishment of the Building Zone 1 exhaust 
system. Prepare CID Cell for filling with grout and acting as the monolith form . 
Safety document is planned for revision of the current DSA. 
Removal Method - Scope and Description: 
Removal occurs through B Cell floor, with a small, remotely operated excavator mounted 
hammer to break floor and any needed cobble/air knife and vacuum sand, break cobble, 
vacuum cobble to depth and extent needed. The vacuum soil removal system deposits 
waste into grout pump hopper with clean grout that is then pumped through shielded hose 
or pipe system to C/D Cell. 
Readiness expectation - readiness assessment. 
Means and Methods to be considered (from Appendix A): 3, 27, 58, 8, 9, 11 , 79, 81,82 

Waste Disposition and Packaging - Scope and Description: 
Only waste treatment required is the solidification/remote grouting of waste soil and 
pumping that matrix from the B Cell or airlock to the C and D Cells which will provide 
shielding and act as the monoliths outer containers. Monolith to be shipped under the 
MSPA with multi-wheeled transport to ERDF. 
Means and Methods to be considered (from Appendix A): 39, 40 

CDF 
DSA 
ERDF 
MSPA 

= control density fill 
= Documented Safety Analysis 
= Environmental Restoration Disposal Facility 
= monolith special packaging authorization 
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E-1 at ERDF 
Directional Drilling or Auguring from Outside the Building with 

Bit Lubricated with Soft Grout Pumped to an SWB 

Assumptions for this Alternative: 
324 Zone 1 exhaust can be used to exhaust a new shielded equipment room, both 
technically and from a reQulatory perspective. 
Stabilization Method - Scope and Description: 
Install micro-piles or drive support beams through contaminated zone from outside B Cell 
before waste removal and backfill holes with CDF after waste removal. No waste 
stabilization, plan to use grout as a drill bit lubricant for collection with soil as removal 
occurs. 
Means and Methods to be considered (from Appendix A): 35 (for backfill), 43, 47 

Building and Site Prep Work - Scope and Description: 
Construct a new Hazard Category 3 structure (about 12 m by 12 m [40 ft by 40 ft]) outside 
current B Cell footprint at -17' elevation to house drilling and waste packaging equipment. 
Refurbish the Zone 1 exhaust system . Plan for a shield/ventilated equipment room and an 
accessible space for clean grout mixing equipment, container load in and load out and 
controls area. Connect shielded space to the existing the 324 Building exhaust system for 
new equipment room exhaust. Limit total waste volume in new segment to < 85 ft3 to 
remove Hazard Category 2 limit questions. Revise current DSA to lower to a Hazard 
Cateqory 3 Facility. 
Removal Method - Scope and Description: 
Removal waste soils from outside current B Cell footprint to new building 
segment/equipment room, drilling horizontally to intercept and remove contamination with 
grout/drill lubricant as cuttings. Provide for clean concrete source and pump to support 
drilling operations. 
Readiness expectation - RL-ORR. 
Means and Methods to be considered (from Appendix A): 7, 28, 33, 88 

Waste Disposition and Packaging - Scope and Description: 
Grout and waste filled liners and SWB's in new, shielded and ventilated equipment room 
with the soft grout that was used as a drill lubricant. 
Type and size of container is planned to be SWB with 8 cm (3 in .) of lead on SWB's 
sides/top/bottom. 
Waste packaging facility/equipment to be located in new building equipment room adjacent 
to B Cell. Shielded containers to be transported two or three at a time to storage/disposal 
area. 
Means and Methods to be considered (from Appendix A): 38, 39, 42, 48 

CDF 
DSA 
ERDF 
RL-ORR 
SWB 

= control density fill 
= Documented Safety Analysis 
= Environmental Restoration Disposal Facil ity 
= U.S. Department of Energy, Richland Operations Office operational readiness review 
= standard waste box 
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Directional or Auguring from Outside the Building with Bit 
E-2 at ERDF Lubricated with Soft Grout Pumped to CID Hot Cell 

as a Monolith 
Assumptions for this Alternative: 
C and D Cell are packaged as a monolith that meets the MSPA for shipment to ERDF. 
C and D Cell are structurally capable of being a monolith when filled in prescribed lifts -
similar to A Cell which was investigated earlier. 
324 Zone 1 exhaust can be used to exhaust a new shielded equipment room, both 
technically and from a requlatory perspective. 
Stabilization Method - Scope and Description: 
Install micro-piles or drive support beams through contaminated zone from outside B Cell 
before waste removal and backfill holes with CDF after waste removal. No waste 
stabilization, plan to use grout as a drill bit lubricant for collection with soil as removal 
occurs. 
Means and Methods to be considered (from Appendix A): 35 (for backfi ll), 43, 47 

Building and Site Prep Work - Scope and Description: 
Construct a new Hazard Category structure (about 12 by 12 m [40 by 40 ft]) outside current 
B Cell footprint at -17' elevation to house drilling and waste pumping equipment. Refurbish 
the Zone 1 exhaust system. Plan for a shielded/ventilated equipment room and an 
accessible space for grout mixing equipment and controls area. Connect shielded space to 
the existing the 324 Building exhaust system for new equipment room exhaust. Limit total 
waste volume in new segment to < 85 ft3 to remove Hazard Category 2 limit questions. 
Revise current DSA to lower to a Hazard Cateoorv 3 Facilitv. 
Removal Method - Scope and Description: 
Removal waste soils from outside current B Cell footprint to new building 
segment/equipment room, drilling horizontally to intercept and remove contamination with 
grout/drill lubricant as cuttings. Provide for clean concrete source and pump to support 
drilling operations. 
Readiness expectation - RL-ORR. 
Means and Methods to be considered (from Appendix A): 7, 28, 33, 88 

Waste Disposition and Packaging - Scope and Description: 
Slurry of waste and grout (originally used as a lubricant) is pumped from the shielded 
equipment room to C or D Cell for formation of a monolith for disposal at ERDF. Monolith 
is then shiooed under the MSPA, usinq a multi-wheeled transport vehicle to ERDF. 
Means and Methods to be considered (from Appendix A): 38, 39, 40 

CDF 
DSA 
ERDF 
MSPA 
RL-ORR 

= control density fill 
= Documented Safety Analysis 
= Environmental Restoration Disposal Facility 
= monolith special packaging authorization 
= U.S. Department of Energy, Richland Operations Office operational readiness review 
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H 
High Strength Grout Injection to Form a 

B Cell/Sand and Cobble Monolith 

Assumptions for this Alternative: 
Forming and transport of an 11-m by 11-m by 5.5-m (36-ft by 36-ft by 18-ft) monolith 
(approximately 864 yd3 and 1,750 tons) is acceptable under the DOE-RL MSPA. 
Regulator, nuclear safety, and environmental precedent, guidelines and expectations can be 
worked out in order to perform this alternative. 
Stabilization Method - Scope and Description: 
Inject high strength grout into the waste matrix and central clean area under B Cell and 
cover the B Cell floor to - 2 m (6 ft) deep with same hiqh strenqth qrout. 
Means and Methods to be considered (from Appendix A): 1, 35 

Building and Site Prep Work - Scope and Description: 
Construct a very large and deep excavation and driveway out of the exaction for transport 
vehicle. Develop a new DSA for a Hazard Category Facility that remains when most of the 
324 Buildinq is removed . 
Removal Method - Scope and Description: 
Prior to building demolition, inject soil waste matrix with high-strength grout acceptable for 
MSPA (both waste matrix and a few feet under) through the B Cell floor. Following building 
removal and the removal of the top portions of B Cell , drive steel supports through and 
beneath the waste matrix, then form and pour four sides for monolith that engage grouted 
soil matrix/structural steel under waste areas, earth saw under grouted soil , lift and transport 
as a monolith that includes B Cell floor and solidified soils under it. 
Readiness expectation - RL-ORR. 
Means and Methods to be considered (from Appendix A): 26 

Waste Disposition and Packaging - Scope and Description: 
Type and size of waste container is up to an 11-m by 11-m by 5.5-m (36-ft by 36-ft by 18-ft). 
This would be shipped under the MSPA, using a multi-wheeled transport with road closure 
to ERDF. 
Means and Methods to be considered (from Appendix A): 1, 35 

DOE-RL 
DSA 
ERDF 
MSPA 
RL-ORR 

= U.S. Department of Energy, Richland Operations Office 
= Documented Safety Analysis 
= Environmental Restoration Disposal Facility 
= monolith special packaging authorization 
= U.S. Department of Energy, Richland Operations Office operational readiness review 
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Grout Injection into Waste Matrix After Building Removal, 
P for In Situ Leaving Bottom of B Cell in Place, 

Install Geo-Membrane Cap 
Assumptions for this Alternative: 
Re-write of CERCLA documents and ROD allows safe storage of waste matrix for decay; 
document revisions to be completed in 12 months. 
Building demolition delayed ~6 months for CERCLA document agreements. 
Regulator, nuclear safety, and environmental precedent, guidelines and expectations can 
be worked out in order to perform this alternative. 
Stabilization Method - Scope and Description: 
Grout injection into waste matrix after building removal using a jet grouting method to 
introduce a high-strength grout into the waste matrix vertically from the sides. 
Remove the 324 Build ing per current plan , but leave the bottom portion of B Cell , filled 
2 m (6 ft) deep with high-strength grout, in place as an additional barrier to the soil 
contamination . 
Install a geo-membrane cap sl ightly above grade to allow runoff with enough horizontal 
overlap to preclude wettinq the waste monoliths. 
Means and Methods to be considered (from Appendix A): 1, 16, 2 , 25, 44 

Building and Site Prep Work - Scope and Description: 
Remove the 324 Building, per current plan except leave high-level vault and low-level vault, 
airlock pipe trench and A-frame filters grouted in place and left under the cap. 
Revise current DSA. 
Readiness expectation - readiness assessment for cap construction. 
CERCLA = Comprehensive, Environmental Response, Compensation, and Liability Act of 1980 
DSA = Documented Safety Analysis 
ROD = record of decision 
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Inject Polymer and/or Grout Layer Under Contamination, 
Q for In Situ Leaving Bottom of B Cell in Place, 

Install Geo-Membrane Cap 
Assumptions for this Alternative: 
- Re-write of the CERCLA documents and ROD allow safe storage of waste matrix for 

decay; document revisions to be completed in 12 months 
- Building demolition delayed 12 months for CERCLA document approval 
- Regulator, nuclear safety, and environmental precedent, guidelines and expectations can 

be worked out in order to perform this alternative. 
Stabilization Method - Scope and Description: 
Inject polymer and/or grout layer under contamination after building removal using an 
injection method to introduce a high-strength grout and polymer under the waste matrix 
vertically from the sides. 
Remove the 324 Building per current plan, but leave the bottom portion of B Cell , filled 
2 m (6 ft) deep with high strength grout, in place as an additional barrier to the soil 
contamination. 
Install a gee-membrane cap slightly above grade to allow run off with enough horizontal 
overlap to preclude wetting the waste monoliths. 
Means and Methods to be considered (from Appendix A): 2, 21, 23, 24, 56, 66, 78 and 44 

Building and Site Prep Work - Scope and Description: 
Remove the 324 Building per current plan, except leave high-level vault and low-level vault, 
airlock pipe trench and A-frame filters grouted in place and left under the cap. 
Revise current DSA. 
Readiness expectation - readiness assessment. 
CERCLA = Comprehensive, Environmental Response, Compensation, and Liability Act of 1980 
DSA = Documented Safety Analysis 
ROD = record of decision 
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R for In situ Vitrification after Building Removal, Leaving Bottom of 
B Cell in Place, Install Geo-Membrane Cap 

Assumptions for this Alternative: 
Re-write of CERCLA documents and ROD allows in situ disposition and complete in 
12 months. 
Building demolition delayed 12 months for CERCLA document approval. 
Regulator, nuclear safety, and environmental precedent, guidelines and expectations can be 
worked out in order to perform this alternative. 
Stabilization Method - Scope and Description: 
Building is demolished down to grade and the vitrification hood installed over/around B Cell 
walls that remain. In situ vitrification (ISV) of the contaminated soil will be completed, 
support systems removed, the depression is then backfilled followed by the installation of a 
geo-membrane cap slightly above grade after vitrification to allow run off with enough 
horizontal overlap to preclude wettinq the waste monolith . 
Means and Methods to be considered (from Appendix A): 17, 22, 44 

Scope and Description of Building and Site Prep Work: 
ISV Preparation - Holes will be drilled into the B Cell floor on a -1 .5 m by 1.5 m (5 ft x 5 ft) 
grid and the bottom of B Cell will be filled with grout material to stabilize contamination 
(ensuring access holes are not grouted). These steps are completed with the 324 Building 
in placed to take advantage of the operational building ventilation system. Remove the 
324 Building per current plan. Following the 324 Building removal, large electrodes are 
installed in the previously provided holes, electrical power and controls systems and an ISV 
exhaust/fume hood along with an extensive gas cooling/condensing/filtration systems are 
installed. 
ISV Operations - The electrodes (placed into the ground surrounding and within the 
contaminated soil) receive an intense electrical current, generating enough heat to melt the 
intervening material and form the glass material , then that mass is allowed to cool to form 
glass. Contaminants not released by the heat are encapsulated within the glass so they 
cannot leach into the surrounding soil or groundwater. Contaminants driven off by the heat 
are captured in the fume/exhaust hood cooling/condensing/filtration system. 
Post Operations -All equipment installed for ISV (except electrodes which are consumed 
in the process) are to be removed . D4 of the off-gas structure will occur. Hood and exhaust 
system are expected to be highly contaminated and filters are anticipated to exceed ERDF 
acceptance criteria. An engineered cap will be constructed over B Cell area. Long-term 
surveillance and maintenance of the site will occur. 
Safety Document expectation is a PSAR & QA Documentation Development for Design & 
Procurement, followed by development of an FSAR. 
Readiness expectation - HQ-ORR. 
CERCLA 
D4 
ERDF 
FSAR 
HQ-ORR 
ISV 
PSAR 
QA 
ROD 

= Comprehensive, Environmental Response, Compensation, and Liability Act of 1980 
= Deactivation, Decontamination , Decommissioning, and Demolition 
= Environmental Restoration Disposal Facility 
= final safety report 
= DOE Headquarters operational readiness review 
= in situ vitrification 
= preliminary safety report 
= quality assurance 
= record of decision 
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RADIATION SAFETY/ALARA EVALUATION OF ALTERNATIVES 

Radiological 
Safety 

Minor 
Exposure or 
Contamination 
within 
administrative 
control levels. 

Highly unlikely 
to occur on this 
project. 

0.05% chance 
of occurring 

Consequences 

3 - Moderate 

High Serious 
Exposure or Exposure or 
Contamination Contamination 
exceeding exceeding a 
administrative legal exposure 
control levels. limit with 

potential for 
worker injury. 

Likelihood 

3 - Moderate 

Given current Incident has 
practices and occurred on a 
procedures, similar project. 
this incident is 
unlikely to 
occur on this 
project. 

Or 

0.5% chance of 5% chance of 
occurring occurring 

Excessive Multiple 
Exposure or Excessive 
Contamination Exposures or 
leading to Contaminations 
worker loss leading to 
time. temporary/long-

term loss of 
radiological 
control. 

Incident is likely Incident is very 
to occur on this likely to occur on 
project. this project, 

possibly several 
times. 

20% chance of >20% chance of 
occurring occurring 

To match the grading system for the remaining attributes (a grade between 1 and 8), the 
average Risk Priority Number (RPN) value was used to create a grade. An evaluation of the 
range of average RPNs was performed and concluded that the range spanned from 1.0 to 7.5. 
Therefore, each RPN value subtracted 9 and then was multiplied by -1 . 
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Description 
Refurbish crane 

Refurbish ventilation 
system 

Underpin B Cell 
foundation 

Install soil removal and 
waste grouting equipment 
within B Cell 

Maintenance, repair, and 
restart of grouting system 

Maintenance and/or repair 
of B Cell floor and soil 
removal equipment 

Place waste box liner and 
waste box into/out of 
B Cell and airlock, 
respectively 

Core through B Cell steel 
liner and concrete floor 

Table D-1. Alternative A-1. (2 Pages) 

Event or Scenario Consequence 
Refurbishment of crane may lead to the spread of 2 
contaminants or expose workers to radioactive 
material. 
Refurbishment of ventilation system may lead to the 2 
spread of contaminants or expose workers to 
radioactive material. Assumes replacement of 
A-frame filters with a chanced of a filter drop, which 
has occurred in the oast. 
Installation of the micropiles may expose workers to 2 
radioactive material in the form of dust and soil 
cuttinqs. 
Installing soil removal and waste grouting equipment 1 
within B Cell may expose workers to radioactive 
material in the form of dust and debris. 

Maintenance, repair, and/or restart of grouting system 2 
would require entry into area containing grouting 
system. This will expose workers to high dose rates 
and a highly contaminated work environment. 

Maintenance and/or repair of equipment would 2 
require entry into area that contains the equipment 
(drilling, coring, small remotely operated excavator 
with shears/bucket, breaker/saw on small remotely 
operated excavator, vacuum soil removal system, 
etc.). This will expose workers to radiological 
contamination and dose rates in the area. 
Placement of waste box liner and waste box into/out 2 
of B Cell and the airlock, respectively, may lead to the 
spread of contaminants or expose workers to 
radioactive material. Risk priority number is multiplied 
by 3 to account for three work crews. Worker dose up 
to, but not exceeding, administrative limits is reflected 
in this scenario because of known dose rates in the 
airlock REC cell and repetitive waste container 
evolutions. 
Coring through B Cell floor may expose workers to 2 
contaminants or expose workers to radioactive 
material in the form of dust and debris. 

Likelihood 
3 

3 

2 

3 

5 

3 

5 

2 

Risk Priority Number 
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Description 
Remove and handle 
contaminated soil within 
BCell 

Close waste container 
within airlock, decon and 
remove 

Backfill excavated areas 
with controlled density fill 

Transport waste container 
to storage/disposal facility 

REC= 

0 
I w 

Table D-1. Alternative A-1. (2 Pages) 

Event or Scenario Consequence Likelihood 
Removing and handling of contaminated soil within 1 1 
the B Cell may expose workers to contaminants or 
expose workers to radioactive material in the form of 
dust and debris. 
Placement of lid on the waste container and decon 2 3 
may expose workers to radioactive material in the 
form of soil and dust. Remote closure of waste 
container is assumed. Priority number is multiplied by 
3 to account for three work crews. Worker dose up 
to, but not exceeding, administrative limits is reflected 
in this scenario because of known dose rates in the 
airlock REC cell and repetitive waste container 
evolutions. 
Backfilling the excavated areas with a controlled 1 1 
density fill may expose workers to radioactive material 
in the form of soil and dust. 
Transportation of waste containers to 1 1 
storage/disposal facility may expose workers to 
radioactive material in the form of dust. 

Average Risk Priority Number Value 

Risk Priority Number 
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Table D-2. Alternative A-2. (2 Pages) 

Description Event or Scenario Consequence 
Refurbish crane Refurbishment of crane may lead to the spread of 2 

contaminants or expose workers to radioactive 
material. 

Refurbish ventilation system Refurbishment of ventilation system may lead to the 2 
spread of contaminants or expose workers to 
radioactive material. Assumes replacement of 
A-frame filters with a chanced of a filter drop, which 
has occurred in the past. 

Underpin B Cell foundation Installation of the micropiles may expose workers to 2 
radioactive material in the form of dust and soil 
cuttings. 

Provide hose inlets for Sealing of C and D cells may expose workers to 2 
grouting operations radioactive material in the form of dust and debris. 

Install soil removal and Installing soil removal and waste grouting equipment 1 
waste grouting equipment within B Cell may expose workers to radioactive 
within B Cell material in the form of dust and debris. 

Install soil grouting Installing soil grouting equipment outside of B Cell 1 
equipment outside of B Cell may expose workers to radioactive material in the 

form of dust and debris. 
Core through B Cell steel Coring through B Cell floor may expose workers to 2 
liner and concrete floor contaminants or expose workers to radioactive 

material in the form of dust and debris. 

Maintenance and/or repair Maintenance and/or repair of equipment would 2 
of B Cell floor and soil require entry into area that contains the equipment 
removal equipment (drilling, coring , small remotely operated excavator 

with shears/bucket, breaker/saw on small remotely 
operated excavator, vacuum soil removal system, 
etc.). This will expose workers to radiological 
contamination and dose rates in the area. 

Remove and handle Removing and handling of contaminated soil within 1 
contaminated soil within the B Cell may expose workers to contaminants or 
BCell expose workers to radioactive material in the form of 

dust and debris. 
Maintenance, repair, and Maintenance, repair, and/or restart of grouting 2 
restart of grouting system system would require entry into area containing 

grouting system. This will expose workers to high 
dose rates and a highly contaminated work 

0 
environment. 

I 
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Likelihood 
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Description 
Fill C and D Cells with 
waste mixture and seal 

Backfill excavated areas 
with controlled density fill 

0 
I 

01 

Table D-2. Alternative A-2. (2 Pages) 

Event or Scenario Consequence Likelihood 
Injection of waste material into C and D cells may 2 4 
lead to the spread of contaminants or expose 
workers to radioactive material in the form of waste 
qrout. 
Backfilling the excavated areas with a controlled 1 1 
density fill may expose workers to radioactive 
material in the form of soil and dust. 

Average Risk Priority Number Value 

Risk Priority Number 
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Description 

Refurbish crane 

Refurbish ventilation system 

Underpin B Cell foundation 

Install soil removal and 
waste grouting equipment 
within B Cell 

Maintenance, repair, and 
restart of grouting system 

Maintenance and/or repair of 
B Cell floor and soil removal 
equipment 

Place waste box liner and 
waste box into/out of B Cell 
and airlock, respectively 

Stabilize soil by jet grouting 
within B Cell 

0 
I 

O'J 

Table 0-3. Alternative B-1. (2 Pages) 

Event or Scenario Consequence 
Refurbishment of crane may lead to the spread of 2 
contaminants or expose workers to radioactive 
material. 
Refurbishment of ventilation system may lead to the 2 
spread of contaminants or expose workers to 
radioactive material. Assumes replacement of 
A-frame filters with a chanced of a filter drop, which 
has occurred in the oast. 
Installation of the micropiles may expose workers to 2 
radioactive material in the form of dust and soil 
cuttings. 
Installing soil removal and waste grouting equipment 1 
within B Cell may expose workers to radioactive 
material in the form of dust and debris. 

Maintenance, repair, and/or restart of grouting 2 
system would require entry into area containing 
grouting system. This will expose workers to high 
dose rates and a highly contaminated work 
environment. 
Maintenance and/or repair of equipment would 2 
require entry into area that contains the equipment 
{drilling, coring, small remotely operated excavator 
with shears/bucket, breaker/saw on small remotely 
operated excavator, etc.) . This will expose workers 
to radiological contamination and dose rates in the 
area. 
Placement of waste box liner and waste box into/out 2 
of B Cell and the airlock, respectively, may lead to 
the spread of contaminants or expose workers to 
radioactive material. Risk priority number is 
multiplied by 3 to account for three work crews. 
Worker dose up to, but not exceeding, administrative 
limits is reflected in this scenario because of known 
dose rates in the airlock REC cell and repetitive 
waste container evolutions. 
Stabilizing the soil by jet grouting within B Cell may 1 
lead to the spread of contaminants or expose 
workers to radioactive material. 

Likelihood 
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Table D-3. Alternative B-1. (2 Pages) 

Description Event or Scenario Consequence Likelihood 
Core through B Cell Steel Coring through B Cell floor may expose workers to 2 2 
liner and concrete floor contaminants or expose workers to radioactive 

material in the form of dust and debris. 

Remove and handle Removing and handling of contaminated soil within 1 1 
contaminated soil within the B Cell may expose workers to contaminants or 
BCell expose workers to radioactive material in the form of 

dust and debris. 
Close waste container within Placement of lid on the waste container and decon 2 3 
airlock, decon and remove may expose workers to radioactive material in the 

form of soil and dust. Remote closure of waste 
container is assumed . Priority number is multiplied 
by 3 to account for three work crews. Worker dose 
up to, but not exceeding, administrative limits is 
reflected in this scenario because of known dose 
rates in the airlock REC cell and repetitive waste 
container evolutions. 

Backfill excavated areas Backfilling the excavated areas with a controlled 1 1 
with controlled density fill density fill may expose workers to radioactive 

material in the form of soil and dust. 

Transport waste container to Transportation of waste containers to 1 1 
storage/disposal facility storage/disposal facility may expose workers to 

radioactive material in the form of dust. 
Average Risk Priority Number Value 

REC = radiochemical engineering cell 
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Description 
Refurbish crane 

Refurbish ventilation system 

Underpin B Cell foundation 

Provide hose inlets for 
grouting operations 

Install soil removal and waste 
grouting equipment within 
B Cell 

Maintenance and/or repair of 
B Cell floor and soil removal 
equipment 

Install Soil grouting 
equipment outside of B Cell 

Stabil ize soil by jet grouting 
within B Cell 

Core through B Cell steel 
liner and concrete floor 

Remove and handle 
contaminated soil within 
BCell 
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Table 0-4. Alternative B-2. (2 Pages) 

Event or Scenario Consequence 
Refurbishment of crane may lead to the spread of 2 
contaminants or expose workers to radioactive 
material. 
Refurbishment of ventilation system may lead to the 2 
spread of contaminants or expose workers to 
radioactive material. Assumes replacement of 
A-frame filters with a chanced of a filter drop, which 
has occurred in the past. 
Installation of the micropiles may expose workers to 2 
radioactive material in the form of dust and soil 
cuttinas. 
Sealing of C and D cells may expose workers to 2 
radioactive material in the form of dust and debris. 

Installing soil removal and waste grouting equipment 1 
within B Cell may expose workers to radioactive 
material in the form of dust and debris. 

Maintenance and/or repair of equipment would 2 
require entry into area that contains the equipment 
(drilling, coring, small remotely operated excavator 
with shears/bucket, breaker/saw on small remotely 
operated excavator, etc.). This will expose workers 
to radiological contamination and dose rates in the 
area. 
Installing soil grouting equipment outside of B Cell 1 
may expose workers to radioactive material in the 
form of dust and debris. 
Stabilizing the soil by jet grouting within B Cell may 1 
lead to the spread of contaminants or expose 
workers to radioactive material. 
Coring through B Cell floor may expose workers to 2 
contaminants or expose workers to radioactive 
material in the form of dust and debris. 

Removing and handling of contaminated soil within 1 
the B Cell may expose workers to contaminants or 
expose workers to radioactive material in the form of 
dust and debris. 

Likelihood 
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Description 
Maintenance, repair, and 
restart of grouting system 

Fill C and D Cells with waste 
mixture and seal 

Backfill excavated areas with 
controlled density fill 
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Table 0-4. Alternative B-2. (2 Pages) 

Event or Scenario Consequence Likelihood 
Maintenance, repair, and/or restart of grouting 2 5 
system would require entry into area containing 
grouting system. This will expose workers to high 
dose rates and a highly contaminated work 
environment. 
Injection of waste material into C and D cells may 2 4 
lead to the spread of contaminants or expose 
workers to radioactive material in the form of waste 
Qrout. 
Backfilling the excavated areas with a controlled 1 1 
density fill may expose workers to radioactive 
material in the form of soil and dust. 

Average Risk Priority Number Value 

Risk Priority Number 
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Description 
Refurbish crane 

Refurbish ventilation system 

Underpin B Cell foundation 

Install soil removal and waste 
grouting equipment within 
BCell 

Maintenance, repair, and 
restart of grouting system 

Maintenance and/or repair of 
B Cell floor and soil removal 
equipment 

Place waste box liner and 
waste box into/out of B Cell 
and airlock, respectively 

Core through B Cell steel liner 
and concrete floor 

Table D-5. Alternative C-1. (2 Pages) 

Event or Scenario Consequence 
Refurbishment of crane may lead to the spread of 2 
contaminants or expose workers to radioactive 
material. 
Refurbishment of ventilation system may lead to the 2 
spread of contaminants or expose workers to 
radioactive material. Assumes replacement of 
A-frame filters with a chanced of a filter drop, which 
has occurred in the oast. 
Installation of the micropiles may expose workers to 2 
radioactive material in the form of dust and soil 
cuttinQs. 
Installing soil removal and waste grouting equipment 1 
within B Cell may expose workers to radioactive 
material in the form of dust and debris. 

Maintenance, repair, and/or restart of grouting 2 
system would require entry into area containing 
grouting system. This will expose workers to high 
dose rates and a highly contaminated work 
environment. 
Maintenance and/or repair of equipment would 2 
require entry into area that contains the equipment 
(drilling, coring , small remotely operated excavator 
with shears/bucket, breaker/saw on small remotely 
operated excavator, etc.). This will expose workers 
to radiological contamination and dose rates in the 
area. 
Placement of waste box liner and waste box into/out 2 
of B Cell and the airlock, respectively, may lead to 
the spread of contaminants or expose workers to 
radioactive material. Risk priority number is 
multiplied by 3 to account for three work crews. 
Worker dose up to, but not exceeding, administrative 
limits is reflected in this scenario because of known 
dose rates in the airlock REC cell and repetitive 
waste container evolutions. 
Coring through B Cell floor may expose workers to 2 
contaminants or expose workers to radioactive 
material in the form of dust and debris. 

Likelihood 
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Table D-5. Alternative C-1. (2 Pages) 

Description Event or Scenario Consequence Likelihood 
Remove and handle Removing and handling of contaminated soil within 1 1 
contaminated soil within B Cell the B Cell may expose workers to contaminants or 

expose workers to radioactive material in the form of 
dust and debris. 

Close waste container within Placement of lid on the waste container and decon 2 3 
airlock, decon and remove may expose workers to radioactive material in the 

form of soil and dust. Remote closure of waste 
container is assumed . Priority number is multipl ied 
by 3 to account for three work crews. Worker dose 
up to, but not exceeding, administrative limits is 
reflected in this scenario because of known dose 
rates in the airlock REC cell and repetitive waste 
container evolutions. 

Backfill excavated areas with Backfilling the excavated areas with a controlled 1 1 
controlled density fill density fill may expose workers to radioactive 

material in the form of soil and dust. 

Transport waste container to Transportation of waste containers to 1 1 
storage/disposal facil ity storage/disposal facility may expose workers to 

radioactive material in the form of dust. 
Average Risk Priority Number Value 

REC = rad iochemical engineering cell 
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Description 
Refurbish crane 

Refurbish ventilation system 

Underpin B Cell foundation 

Provide hose inlets for grouting 
operations 

Install soil removal and waste 
grouting equipment within B 
Cell 

Maintenance and/or repair of B 
Cell floor and soil removal 
equipment 

Install soil grouting equipment 
outside of B Cell 

Core through B Cell steel liner 
and concrete floor 

Remove and handle 
contaminated soil within B Cell 

Maintenance, repair , and 
restart of grouting system 

Table D-6. Alternative C-2. (2 Pages) 

Event or Scenario Consequence 
Refurbishment of crane may lead to the spread of 2 
contaminants or expose workers to radioactive 
material. 
Refurbishment of ventilation system may lead to the 2 
spread of contaminants or expose workers to 
radioactive material. Assumes replacement of 
A-frame filters with a chanced of a filter drop, which 
has occurred in the oast. 
Installation of the micropiles may expose workers to 2 
radioactive material in the form of dust and soil 
cuttinQs. 
Sealing of C and D cells may expose workers to 2 
radioactive material in the form of dust and debris. 

Installing soil removal and waste grouting equipment 1 
within B Cell may expose workers to radioactive 
material in the form of dust and debris. 

Maintenance and/or repair of equipment would 2 
require entry into area that contains the equipment 
(drill ing, coring , small remotely operated excavator 
with shears/bucket, breaker/saw on small remotely 
operated excavator, etc.). This will expose workers 
to radiological contamination and dose rates in the 
area. 
Installing soil grouting equipment outside of B Cell 1 
may expose workers to radioactive material in the 
form of dust and debris. 
Coring through B Cell floor may expose workers to 2 
contaminants or expose workers to radioactive 
material in the form of dust and debris. 

Removing and handling of contaminated soil within 1 
the B Cell may expose workers to contaminants or 
expose workers to radioactive material in the form of 
dust and debris. 
Maintenance, repair, and/or restart of grouting 2 
system would require entry into area containing 
grouting system. This will expose workers to high 
dose rates and a highly contaminated work 
environment. 

Likelihood 
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Description 
Fill C and D Cells with waste 
mixture and seal 

Backfill excavated areas with 
controlled density fill 

Table D-6. Alternative C-2. (2 Pages) 

Event or Scenario 
Injection of waste material into C and D cells may 
lead to the spread of contaminants or expose 
workers to radioactive material in the form of waste 

rout. 
Backfilling the excavated areas with a controlled 
density fill may expose workers to radioactive 
material in the form of soil and dust. 

Consequence 
2 

Likeliho od 
4 

Average Risk Priority Number Value 
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Description 
Refurbish crane 

Refurbish ventilation system 

Underpin 8 Cell foundation 

Install soil removal and waste 
grouting equipment within 
BCell 

Maintenance and/or repair of 
8 Cell floor and soil removal 
equipment 

Maintenance, repair, and 
restart of grouting system 

Place waste box liner and 
waste box into/out of B Cell 
and airlock, respectively 

Stabilize soil by jet grouting 
within 8 Cell 

Table D-7. Alternative D-1. (2 Pages) 

Event or Scenario Consequence 
Refurbishment of crane may lead to the spread of 2 
contaminants or expose workers to radioactive 
material. 
Refurbishment of ventilation system may lead to the 2 
spread of contaminants or expose workers to 
radioactive material. Assumes replacement of 
A-frame filters with a chanced of a filter drop, which 
has occurred in the past. 
Installation of the micropiles may expose workers to 2 
radioactive material in the form of dust and soil 
cuttings. 

Installing soil removal and waste grouting equipment 1 
within 8 Cell may expose workers to radioactive 
material in the form of dust and debris. 

Maintenance and/or repair of equipment would 2 
require entry into area that contains the equipment 
(drilling, coring, small remotely operated excavator 
with shears/bucket, breaker/saw on small remotely 
operated excavator, air knife, vacuum soil removal 
system, etc.). This will expose workers to 
radiological contamination and dose rates in the 
area. 
Maintenance, repair, and/or restart of grouting 2 
system would require entry into area containing 
grouting system. This will expose workers to high 
dose rates and a highly contaminated work 
environment. 
Placement of waste box liner and waste box into/out 2 
of 8 Cell and the airlock, respectively, may lead to 
the spread of contaminants or expose workers to 
radioactive material. Risk priority number is 
multiplied by 3 to account for three work crews. 
Worker dose up to, but not exceeding, administrative 
limits is reflected in this scenario because of known 
dose rates in the airlock REC cell and repetitive 
waste container evolutions. 
Stabilizing the soil by jet grouting within 8 Cell may 1 
lead to the spread of contaminants or expose 
workers to radioactive material. 

Likelihood 
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Description 
Core through B Cell steel liner 
and concrete floor 

Remove and handle 
contaminated soil within B Cell 

Close waste container within 
airlock, decon and remove 

Backfill excavated areas with 
controlled density fill 

Transport waste container to 
storage/disposal facility 

REC = radiochemical engineering cell 
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Table D-7. Alternative D-1. (2 Pages) 

Event or Scenario Consequence Likelihood 
Coring through B Cell floor may expose workers to 2 2 
contaminants or expose workers to radioactive 
material in the form of dust and debris. 
Removing and handling of contaminated soil within 1 1 
the B Cell may expose workers to contaminants or 
expose workers to radioactive material in the form of 
dust and debris. 
Placement of lid on the waste container and decon 2 3 
may expose workers to radioactive material in the 
form of soil and dust. Remote closure of waste 
container is assumed . Priority number is multiplied 
by 3 to account for three work crews. Worker dose 
up to , but not exceeding, administrative limits is 
reflected in this scenario because of known dose 
rates in the airlock REC cell and repetitive waste 
container evolutions. 
Backfilling the excavated areas with a controlled 1 1 
density fill may expose workers to radioactive 
material in the form of soil and dust. 
Transportation of waste containers to 1 1 
storage/disposal facility may expose workers to 
radioactive material in the form of dust. 

Average Risk Priority Number Value 

Risk Priority Number 
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Description 
Refurbish crane 

Refurbish ventilation system 

Underpin B Cell foundation 

Provide hose inlets for grouting 
operations 

Install soil removal and waste 
grouting equipment within 
BCell 
Maintenance and/or repair of 
B Cell floor and soil removal 
equipment 

Install soil grouting equipment 
outside of B Cell 

Stabilize soil by jet grouting 
within B Cell 

Core through B Cell steel liner 
and concrete floor 

Remove and handle 
contaminated soil within B Cell 

Table D-8. Alternative D-2. (2 Pages) 

Event or Scenario Consequence 
Refurbishment of crane may lead to the spread of 2 
contaminants or expose workers to radioactive 
material. 
Refurbishment of ventilation system may lead to the 2 
spread of contaminants or expose workers to 
radioactive material. Assumes replacement of 
A-frame filters with a chanced of a filter drop, which 
has occurred in the past. 
Installation of the micropiles may expose workers to 2 
radioactive material in the form of dust and soil 
cuttings. 
Sealing of C and D cells may expose workers to 2 
radioactive material in the form of dust and debris. 

Installing soil removal and waste grouting equipment 1 
within B Cell may expose workers to radioactive 
material in the form of dust and debris. 
Maintenance and/or repair of equipment would 2 
require entry into area that contains the equipment 
{drilling, coring, small remotely operated excavator 
with shears/bucket, breaker/saw on small remotely 
operated excavator, air knife, vacuum soil removal 
system, etc.). This will expose workers to 
radiological contamination and dose rates in the 
area. 
Installing soil grouting equipment outside of B Cell 1 
may expose workers to radioactive material in the 
form of dust and debris. 

Stabilizing the soil by jet grouting within B Cell may 1 
lead to the spread of contaminants or expose 
workers to radioactive material. 
Coring through B Cell floor may expose workers to 2 
contaminants or expose workers to radioactive 
material in the form of dust and debris. 

Removing and handling of contaminated soil within 1 
the B Cell may expose workers to contaminants or 
expose workers to radioactive material in the form of 
dust and debris. 

Likelihood 
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Description 
Maintenance, repair, and 
restart of grouting system 

Fill C and D Cells with waste 
mixture and seal 

Backfill excavated areas with 
controlled density fill 

Table D-8. Alternative D-2. (2 Pages) 

Event or Scenario Consequence Likelihood 
Maintenance, repair, and/or restart of grouting 2 5 
system would require entry into area containing 
grouting system. This will expose workers to high 
dose rates and a highly contaminated work 
environment. 
Injection of waste material into C and D cells may 2 4 
lead to the spread of contaminants or expose 
workers to radioactive material in the form of waste 
orout. 
Backfilling the excavated areas with a controlled 1 1 
density fill may expose workers to radioactive 
material in the form of soil and dust. 

Average Risk Priority Number Value 

Risk Priority Number 
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Description 
Refurbish ventilation system 

Excavate and construct new 
Hazard Category 3 Facility 

Place waste box into/out of new 
Category 3 Facility 

Remove and handle 
contaminated soil within new 
Hazard Category 3 Facility 

Maintenance, repair, and restart 
of grouting system 

Maintenance and/or repair of 
B Cell floor drilling equipment 

Close waste container within 
airlock, decon and remove 

Table D-9. Alternative E-1. (2 Pages) 

Event or Scenario Consequence 
Refurbishment of ventilation system may lead to the 2 
spread of contaminants or expose workers to 
radioactive material. Assumes replacement of 
A-frame filters with a chanced of a filter drop, which 
has occurred in the past. 
Excavating and constructing the new Hazard 2 
Category 3 Facility may expose workers to radioactive 
material in the form of dust and debris. 
Placement of waste box liner and waste box into/out 2 
new facility airlock, respectively, may lead to the 
spread of contaminants or expose workers to 
radioactive material. Risk priority number is multiplied 
by 2 to account for two work crews. Worker dose up 
to, but not exceeding, administrative limits is reflected 
in this scenario because of dose rates that are 
assumed to accumulate in the new facility airlock cell 
and repetitive waste container evolutions. 
Removing and handling of contaminated soil within the 1 
new Hazard Category 3 may expose workers to 
contaminants or expose workers to radioactive 
material in the form of dust and debris. 
Maintenance, repair, and/or restart of grouting system 2 
would require entry into area containing grouting 
system. This will expose workers to high dose rates 
and a hiqhly contaminated work environment. 
Maintenance and/or repair of equipment would require 2 
entry into area that contains the drilling/coring 
equipment. This will expose workers to radiological 
contamination and dose rates in the area. 
Placement of lid on the waste container and decon 2 
may expose workers to radioactive material in the 
form of soil and dust. Remote closure of waste 
container is assumed. Priority number is multiplied 
by 2 to account for two work crews. Worker dose up 
to , but not exceeding , administrative limits is reflected 
in this scenario because of known dose rates in the 
new facility airlock cell and repetitive waste container 
evolutions. 

Likelihood 
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Description 
Backfill excavated areas with 
controlled density fill 

Transport waste container to 
storage/disposal Facility 

Deactivate new Hazard 
Category 3 Facility 

Stabilize new Category 3 
Facility 

Remove new Hazard Category 
3 Facility 

Table D-9. Alternative E-1. (2 Pages) 

Event or Scenario Consequence Likelihood 
Backfilling the excavated areas with a controlled 1 1 
density fill may expose workers to radioactive material 
in the form of soil and dust. 

Transportation of waste containers to storage/disposal 1 1 
facility may expose workers to radioactive material in 
the form of dust or dose rates to workers. 

Deactivation of new Hazard Category 3 Facility 1 2 
(including deactivating power, removal of filters, etc.) 
may expose workers to radioactive material in the 
form of dust or dose rates to workers . 
Stabilization activities of new Hazard Category 3 1 2 
Facility may expose workers to radioactive material in 
the form of dust or dose rates to workers . 

Removal of new Hazard Category 3 Facility may 1 3 
expose workers to radioactive material in the form of 
dust or dose rates to workers. 

Average Risk Priority Number Value 

Risk Priority Number 
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Description 
Refurbish ventilation system 

Provide hose inlets for grouting 
operations 
Excavate and construct new 
Hazard Category 3 Facility 

Remove and process 
contaminated soil within new 
Hazard Category 3 Facility 

Maintenance, repair, and restart 
of grouting system 

Maintenance and/or repair of 
B Cell floor drilling equipment 

Fill C and D Cells with waste 
mixture and seal 

Backfill excavated areas with 
controlled density fill 

Deactivate new Hazard 
Category 3 Facility 

Stabilize new Hazard 
Category 3 Facility 

Table D-10. Alternative E-2. (2 Pages) 

Event or Scenario Consequence 
Refurbishment of ventilation system may lead to the 2 
spread of contaminants or expose workers to 
radioactive material. Assumes replacement of 
A-frame filters with a chanced of a filter drop, which 
has occurred in the past. 
Sealing of C and D cells may expose workers to 2 
radioactive material in the form of dust and debris. 
Excavating and constructing the new Hazard 2 
Category 3 Facility may expose workers to radioactive 
material in the form of dust and debris. 
Removing and process contaminated soil within the 2 
new Hazard Category 3 may expose workers to 
contaminants or expose workers to radioactive 
material in the form of dust and debris. 
Maintenance, repair, and/or restart of grouting system 2 
would require entry into area containing grouting 
system. This will expose workers to high dose rates 
and a highlv contaminated work environment. 
Maintenance and/or repair of equipment would require 2 
entry into area that contains the drilling/coring 
equipment. This will expose workers to radiological 
contamination and dose rates in the area. 
Injection of waste material into C and D cells may lead 2 
to the spread of contaminants or expose workers to 
radioactive material in the form of waste qrout. 
Backfilling the excavated areas with a controlled 1 
density fill may expose workers to radioactive material 
in the form of soil and dust. 

Deactivation of new Hazard Category 3 Facility 1 
(including deactivating power, removal of filters, etc.) 
may expose workers to radioactive material in the 
form of dust or dose rates to workers. 
Stabilization activities of new Hazard Category 3 1 
Facility may expose workers to radioactive material in 
the form of dust or dose rates to workers. 

Likelihood 
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Description 
Remove transfer line from new 
Hazard Category 3 Facility to 
324 Building 

Remove new Hazard Category 
3 Facility 

0 
I 

I'\.) ...... 

Table D-10. Alternative E-2. (2 Pages) 

Event or Scenario Consequence Likelihood 
Removal off transfer line may expose workers to 1 3 
radioactive material in the form of dust or dose rates to 
workers . 

Removal of new Hazard Category 3 Facil ity may 1 3 
expose workers to radioactive material in the form of 
dust or dose rates to workers. 

Average Risk Priority Number Value 

Risk Priority Number 
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Description 
Install soil grouting equipment 
within B Cell 

Stabilize soil by jet grouting soil 
below B Cell footprint and walls 
to depth of high contamination 
area 
Maintenance and/or repair of 
B Cell floor drilling equipment 

Excavate around the stabil ized 
soil 

Insert monolith reinforcements 

Form and pour monolith 
boundary around jet-grouted 
soil 

Saw cutting (bottom horizontal 
cut) 

Prepare monolith for shipping 

Lift and transport monolith to 
disposal facility 

Table D-11. Alternative H. 

Event or Scenario Consequence Likelihood 
Installing soil grouting equipment within B Cell may 1 3 
expose workers to radioactive material in the form of 
dust and debris. 
Stabilizing the soil by jet grouting may lead to the 1 1 
spread of contaminants or expose workers to 
radioactive material. 

Maintenance and/or repair of equipment would require 2 3 
entry into area that contains the drilling/coring 
equipment. This will expose workers to radiological 
contamination and dose rates in the area. 

Excavating around contaminated soil in an open air 2 4 
environment may expose workers to radioactive 
material in the form of dust and debris. Some soil 
shielding will occur and excavation will be performed 
with heavy equipment thereby distance from the 
source will be maintained. 
During installation of horizontal monolith 1 3 
reinforcements, contamination is spread and dose 
rates from the pushed-through reinforcements occurs. 

Forming and pouring the walls of the monolith may 1 3 
expose workers to contaminants or expose workers to 
radioactive material in the form of dust and debris. 
Grade is based on forms constructed around jet 
qrouted soil (-1 .5 m [5 ft1 outside of iet qrouted soil). 
Saw cutting may expose workers to radioactive 1 3 
material in the form of dust/debris and direction 
radiation. 
Minor direct dose radiation hazards to workers 1 1 
preparinq the monolith for shipment mav occur. 
During lifting and transportation to disposal facility, 3 1 
drop of the monolith may occur which may expose 
workers to radioactive material in the form of dust. 

Average Risk Priority Number Value 

Risk Priority Number 
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Description 
Maintenance and/or repair of 
B Cell floor drilling equipment 

Install soil grouting equipment 
within B Cell 

Stabilize soil by jet grouting soil 
below B Cell footprint and walls 
to depth of high contamination 
area 

Construct cap 

Long-term surveillance and 
maintenance 

Table D-12. Alternative P. 

Event or Scenario Consequence Likelihood 
Maintenance and/or repair of equipment would require 2 3 
entry into area that contains the drilling/coring 
equipment. This will expose workers to radiological 
contamination and dose rates in the area. 
Installing soil grouting equipment within B Cell may 1 3 
expose workers to radioactive material in the form of 
dust and debris. 
Stabilizing the soil by jet grouting may lead to the 1 1 
spread of contaminants or expose workers to 
radioactive material. 

Construction of an engineered cap may expose 1 1 
workers to radioactive material in the form of dust and 
debris. 

Long-term surveillance and maintenance of site may 1 1 
expose workers to minor levels of contamination or 
direct radiation . 

Average Risk Priority Number Value 

Risk Priority Number 
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Description 
Stabilize B Cell interior floor 
and walls to depth of -1 .8 m 
(6 ft) 

Install Vertical Barrier System 

Construct Cap 

Long-term Surveillance and 
Maintenance 

Table D-13. Alternative Q. 

Event or Scenario Consequence Likelihood 
Stabilize B Cell interior floor and walls may lead to 1 1 
spread of contaminants or expose workers to 
radioactive material. 
Stabilizing the soil by jet grouting may lead to the 1 1 
spread of contaminants or expose workers to 
radioactive material. 
Construction of an engineered cap may expose 1 1 
workers to radioactive material in the form of dust and 
debris. 
Long-term surveillance and maintenance of site may 1 1 
expose workers to minor levels of contamination or 
direct radiation . 

Average Risk Priority Number Value 

Risk Priority Number 
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Description 
Installation and repair of coring 
equipment within B Cell 

Core through B Cell floor 

Stabilize B Cell interior floor 
and walls to depth of ~1 .8 m 
(6 ft) 
Installation of electrodes 
through B Cell floor and soil 
after building removal 
Construct hood and off-gas 
system 

Operation in situ vitrification 
system 

Remove hood and off-gas 
system 

Construct cap 

Long-term surveillance and 
maintenance 

0 
' N 

(}1 

Table 0-14. Alternative R. 

Event or Scenario Consequence Likelihood 
Installation and repair of coring equipment within 1 3 
B Cell may expose workers to radioactive material in 
the form of dusUdebris and direct radiation. Work to 
be performed within the facility using the existing 
ventilation system. Risk priority number is multiplied 
by 3 to account for three work crews. Worker dose up 
to, but not exceeding, administrative limits is reflected 
in this scenario because of known dose rates and 
repetitive evolutions. 
Coring through B Cell floor using remote equipment 1 1 
may lead to the spread of contaminants or expose 
workers to radioactive material. Work to be performed 
within the facility using the existing ventilation system. 
Corino to be performed on ~5' bv 5' orid . 
Stabilize B Cell interior floor and walls may lead to 1 1 
spread of contaminants or expose workers to 
radioactive material. 
Installation of electrodes may expose workers to 1 1 
radioactive material in the form of dusUdebris and 
direct radiation . 
Construction of hood and off-gas system may expose 1 1 
workers to radioactive material in the form of 
dusUdebris and direct radiation . 
Operation of in situ vitrification system will manage 2 5 
off-gassing system which will have large direction 
radiation hazards. Potential for airborne and 
contamination spread also. 
Remove hood and off-gas capture system. Upset 3 2 
condition occurs in open-air environment during 
equipment removal with extremely high contamination 
and dose rate levels. 
Construction of an engineered cap may expose 1 1 
workers to radioactive material in the form of dust and 
debris. 
Long-term surveillance and maintenance of site may 1 1 
expose workers to minor levels of contamination or 
direct radiation . 

Average Risk Priority Number Value 

Risk Priority Number 
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INDUSTRIAL SAFETY EVALUATION OF ALTERNATIVES 

Industrial 
Safety 
and 
Health 

Industrial 
Hygiene 

Self or No 
Treatment 

Minor 
Exposure or 
Contamination 
at or below 
Occupation 
Exposure Limits 
(OELs) 

Highly unlikely 
to occur on this 
project 

0.05% chance 
of occurring 

Consequences 

3 - Moderate 
Minor Injury, Serious Major or 
Medical injury or Lost Multiple 
Treatment Work Case Injuries 
Case with/or permanent 
Restricted injury or 
Work Case. disability. 

High Short-Term Long-Term 
Exposure or Exposure Exposures 
Contamination resulting in resulting in 
exceeding deleterious deleterious 
OELs health effects. health effects, 

permanent 
injury or 
disability 

Likelihood 

3 - Moderate 

Given current Incident has Incident is 
practices and occurred on a likely to occur 
procedures, similar project on this project 
this incident is 
unlikely to 
occur on this 
project 

Or 
0.5% chance of 5% chance of 20% chance 
occurring occurring of occurring 

Single or 
Multiple 
Fatalities 

Single or 
Multiple 
Fatalities 

Incident is very 
likely to occur on 
this project, 
possibly several 
times 

> 20% chance of 
occurring 

To match the grading system for the remaining attributes (a grade between 1 and 8), the 
average Risk Priority Number (RPN) value was used to create a grade. An evaluation of the 
range of average RPNs was performed and concluded that the range spanned from 1.0 to 6.4. 
Therefore, each RPN value subtracted 9 and then was multiplied by -1 . 
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Table E-1. Alternative A-1. (2 Pages) 

Hazard Description Event or Scenario 
Electrical Refurbish Crane Refurbishing and operating the crane requires electricity 
Energy and therefore presents an electrical shock hazard. 

Underpin B Cell Foundation Installation of the micropiles may require electricity and 
therefore presents an electrical hazard . 

Install and Operate Soil Installation of the grouting system within B Cell will 
Removal and Waste Grouting require substantial electricity therefore presents a 
Equipment within B Cell significant electrical hazard. 

Core through B Cell Steel Coring through the B Cell floor may require electricity 
Liner and Concrete Floor and therefore presents an electrical hazard. 

Maintenance, Repair, and Maintenance, repair, and/or restart of grouting system 
Restart of Grouting System would require entry into area containing grouting system. 

This will expose workers to electrical hazards of the 
grouting system. 

Maintenance and/or Repair of Maintenance and/or repair of equipment would require 
B Cell Floor and Soil Removal entry into area that contains the equipment (drilling, 
Equipment coring, small remotely operated excavator with 

shears/bucket, breaker/saw on small remotely operated 
excavator, vacuum soil removal system, etc.). This will 
expose workers to electrical hazards of the svstem. 

Kinetic Refurbish Crane Use of power tools and machinery for crane 
Energy refurbishment has potential to harm workers . 

Refurbish Ventilation System Use of power toC'is and machinery for ventilation system 
refurbishment has potential to harm workers . 

Underpin B Cell Foundation Use of a pile inst.Jllation rig has the potential to harm 
workers . 

Install and Operate Soil Use of the crane and other machinery for removal 
Removal and Waste Grouting equipment installation has the potential to harm workers . 
Equipment within B Cell 

Maintenance and/or Repair of Maintenance and/or repair of equipment would require 
B Cell Floor and Soil Removal entry into area that contains the equipment (drilling, 
Equipment coring, small remotHly operated excavator with 

shears/bucket, brea1<er/saw on small remotely operated 
excavator, vacuum •3oil removal system, etc.). This will 

m expose workers to kinetic hazards of the system. 
I 

N 

Consequence Likelihood 

5 1 

3 1 

5 2 

1 1 

5 1 

5 1 

1 3 

1 2 

3 2 

1 2 

1 2 
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Hazard 

Potential 
Energy 

Thermal 
Energy 

Description 
Backfill Excavated Areas with 
Controlled Density Fill 

Place Waste Box Liner and 
Waste Box into/out of B Cell 
and Airlock, respectively 

Close Waste Container within 
Airlock, Decon and Remove 

Refurbish Crane 

Underpin B Cell Foundation 

Maintenance, Repair, and 
Restart of Grouting System 

Close Waste Container within 
Airlock, Decon and Remove 

Transport Waste Container to 
Storage/Disposal Facility 

Underpin B Cell Foundation 

Table E-1. Alternative A-1. (2 Pages) 

Event or Scenario ConseQuence Likelihood 
Backfilling the excavated areas with a controlled density 
fill may expose workers to kinetic energy hazards 1 2 
including overhead fall hazards. 

Use of the crane and other machinery to locate waste 
container and liner has the potential to harm workers . 

2 2 Risk Priority# is multiplied by 3 to account for three work 
crews and repetitive waste container evolutions. 

Use of the crane to close waste container lid and crane, 
rail , machine, etc. to remove container has the potential 
to harm workers . Risk Priority# is multiplied by 3 to 2 2 
account for three work crews and repetitive waste 
container evolutions. 
Crane parts and/or assemblies may be dropped from an 
elevated position . 2 2 

Micropiles may be dropped from an elevated position. 
5 1 

Maintenance, repair, and/or restart of grouting system 
would require entry into area containing grouting system. 

2 2 This will expose workers to potential energy hazards 
including clogging of grouting system. 

Container and/or lids may be dropped from an elevated 
position. Risk Priority # is multiplied by 3 to account for 

3 2 three work crews and repetitive waste container 
evolutions. 

Transportation of waste containers to storage/disposal 
facility may expose workers to potential energy hazards 
including lifting/dropping of containers . Risk Priority# is 3 2 
multiplied by 3 to account for three work crews and 
repetitive waste container evolutions. 

Welding may be required in clean areas as part of set up 
and may results in burns. 3 3 

Average Risk Priority Number Value 

Risk Priority # 
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Table E-2. Alternative A-2. (2 Pages) 

Hazard Description Event or Scenario 
Electrical Refurbish Crane Refurbishing and operating the crane requires electricity 
Energy and therefore presents an electrical shock hazard. 

Underpin B Cell Foundation Installation of the micropiles may require electricity and 
therefore presents an electrical hazard. 

Provide Hose Inlets for Running grout transfer lines and providing hose inlets 
Grouting Operations into C and D Cells may require electricity and therefore 

presents an electrical hazard. 
Install and Operate Soil Installation of the grouting system within B Cell will 
Removal and Waste Grouting require substantial electricity therefore presents a 
Equipment within B Cell significant electrical hazard. 

Install and Operate Soil Installation of the grouting system outside off B Cell will 
Grouting Equipment outside require substantial electricity therefore presents a 
of B Cell significant electrical hazard. 
Core through B Cell Steel Coring through the B Cell floor may require electricity 
Liner and Concrete Floor and therefore presents an electrical hazard. 

Maintenance, Repair, and Maintenance, repair, and/or restart of grouting system 
Restart of Grouting System would require entry into area containing grouting system. 

This will expose workers to electrical hazards of the 
grouting system. 

Maintenance and/or Repair of Maintenance and/or repair of equipment would require 
B Cell Floor and Soil entry into area that contains the equipment (drilling, 
Removal Equipment coring , small remotely operated excavator with 

shears/bucket, breaker/saw on small remotely operated 
excavator, vacuum soil removal system, etc.). This will 
expose workers to electrical hazards of the svstem. 

Fill C and D Cells with Waste Filling C and D Cells with waste material may require 
Mixture and Seal electricity and therefore presents an electrical hazard . 
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Consequence Likelihood 
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Hazard 
Kinetic 
Energy 

Potential 
Energy 

Thermal 
Energy 

Description 
Refurbish Crane 

Refurbish Ventilation System 

Underpin B Cell Foundation 

Provide Hose Inlets for 
Grouting Operations 

Install and Operate Soil 
Removal and Waste Grouting 
Equipment within B Cell 

Maintenance and/or Repair of 
B Cell Floor and Soil 
Removal Equipment 

Install and Operate Soil 
Grouting Equipment outside 
of B Cell 
Backfill Excavated Areas with 
Controlled Density Fill 

Refurbish Crane 

Underpin B Cell Foundation 

Maintenance, Repair, and 
Restart of Grouting System 

Underpin B Cell Foundation 

Table E-2. Alternative A-2. (2 Pages) 

Event or Scenario Consequence Likelihood 
Use of power tools and machinery for crane 
refurbishment has potential to harm workers . 1 3 

Use of power tools and machinery for ventilation system 
refurbishment has potential to harm workers . 1 2 

Use of a pile installation rig has the potential to harm 
3 2 workers . 

Use of power tools to provide openings for hoses for 
grouting operations that has potential to harm workers. 1 1 

Use of the crane and other machinery for removal 
equipment installation has the potential to harm workers . 

1 2 

Maintenance and/or repair of equipment would require 
entry into area that contains the equipment {drilling, 
coring, small remotely operated excavator with 

1 2 shears/bucket, breaker/saw on small remotely operated 
excavator, vacuum soil removal system, etc.). This will 
expose workers to kinetic hazards of the system. 
Use of construction equipment/machinery for grout 
pumping equipment installation has the potential to harm 2 2 
workers . 
Backfilling the excavated areas with a controlled density 
fill may expose workers to kinetic energy hazards in the 1 2 
form of movinQ equipment. 
Crane parts and/or assemblies may be dropped from an 

2 2 elevated position . 
Micropiles may be dropped from an elevated position . 

5 1 

Maintenance, repair, and/or restart of grouting system 
would require entry into area containing grouting system. 2 2 This will expose workers to potential energy hazards 
includinQ cloaainQ of QroutinQ system. 
Welding may be required in clean areas as part of set up 

3 3 and may results in burns. 

Average Risk Priority Number Value 

Risk Priority # 
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Table E-3. Alternative B-1. (3 Pages) 

Hazard Description Event or Scenario 
Electrical Refurbish Crane Refurbishing and operating the crane requires electricity 
Energy and therefore presents an electrical shock hazard. 

Underpin B Cell Foundation Installation of the micropiles may require electricity and 
therefore presents an electrical hazard . 

Install and Operate Soil Installation of the grouting system within B Cell will 
Removal and Waste Grouting require substantial electricity therefore presents a 
Equipment within B Cell significant electrical hazard . 

Core through B Cell Steel Coring through the B Cell floor may require electricity 
Liner and Concrete Floor and therefore presents an electrical hazard . 

Maintenance, Repair, and Maintenance, repair, and/or restart of grouting system 
Restart of Grouting System would require entry into area containing grouting system. 

This will expose workers to electrical hazards of the 
arouting system. 

Maintenance and/or Repair of Maintenance and/or repair of equipment would require 
B Cell Floor and Soil entry into area that contains the equipment (drilling, 
Removal Equipment coring, small remotely operated excavator with 

shears/bucket, breaker/saw on small remotely operated 
excavator, etc.). This will expose workers to electrical 
hazards of the svstem. 

Kinetic Refurbish Crane Use of power tools and machinery for crane 
Energy refurbishment has potential to harm workers . 

Refurbish Ventilation System Use of power tools and machinery for ventilation system 
refurbishment has potential to harm workers . 

Underpin B Cell Foundation Use of a pile installation rig has the potential to harm 
workers . 

Install and Operate Soil Use of the crane and other machinery for removal 
Removal and Waste Grouting equipment installation has the potential to harm workers . 
Equipment within B Cell 

Consequence Likelihood 
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Table E-3. Alternative B-1. (3 Pages) 

Hazard Description Event or Scenario 
Maintenance and/or Repair of Maintenance and/or repair of equipment would require 
B Cell Floor and Soil entry into area that contains the equipment (drilling, 
Removal Equipment coring , small remotely operated excavator with 

shears/bucket, breaker/saw on small remotely operated 
excavator, etc.). This will expose workers to kinetic 
hazards of the svstem. 

Backfill Excavated Areas with Backfilling the excavated areas with a controlled density 
Controlled Density Fill fill may expose workers to kinetic energy hazards. 

Place Waste Box Liner and Use of the crane and other machinery to locate waste 
Waste Box into/out of B Cell container and liner has the potential to harm workers . 
and Airlock, respectively Risk Priority # is multiplied by 3 to account for three work 

crews and repetitive waste container evolutions. 

Close Waste Container within Use of the crane to close waste container lid and crane, 
Airlock, Decon and Remove rai l, machine, etc. to remove container has the potential 

to harm workers . Risk Priority# is multiplied by 3 to 
account for three work crews and repetitive waste 
container evolutions. 

Potential Refurbish Crane Crane parts and/or assemblies may be dropped from an 
Energy elevated oosition. 

Underpin B Cell Foundation Micropiles may be dropped from an elevated position . 

Maintenance, Repair, and Maintenance, repair, and/or restart of grouting system 
Restart of Grouting System would require entry into area containing grouting system. 

This will expose workers to potential energy hazards 
including clogging of grouting system. 

Close Waste Container within Container and/or lids may be dropped from an elevated 
Airlock, Decon and Remove position. Risk Priority # is multiplied by 3 to account for 

three work crews and repetitive waste container 
evolutions. 

Transport Waste Container to Transportation of waste containers to storage/disposal 
Storage/Disposal Facility facility may expose workers to potential energy hazards 

including lifting/dropping of containers. Risk Priority# is 
multiplied by 3 to account for three work crews and 
repetitive waste container evolutions. 
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Hazard 
Thermal 
Energy 

Descri tion 
Underpin B Cell Foundation 

Table E-3. Alternative B-1. (3 Pages) 

Event or Scenario 
Welding may be required in clean areas as part of set up 
and may results in burns. 

Conse uence Likelihood 

3 3 

Average Risk Priority Number Value 
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Table E-4. Alternative B-2. (2 Pages) 

Hazard Description Event or Scenario 
Electrical Refurbish Crane Refurbishing and operating the crane requires electricity 
Energy and therefore presents an electrical shock hazard. 

Underpin B Cell Foundation Installation of the micropiles may require electricity and 
therefore presents an electrical hazard. 

Provide Hose Inlets for Running grout transfer lines and providing hose inlets 
Grouting Operations into C and D Cells may require electricity and therefore 

presents an electrical hazard. 
Install and Operate Soil Installation of the grouting system within B Cell will 
Removal and Waste Grouting require substantial electricity therefore presents a 
Equipment within B Cell significant electrical hazard . 

Install and Operate Soil Installation of the grouting system outside off B Cell will 
Grouting Equipment outside require substantial electricity therefore presents a 
of B Cell significant electrical hazard. 
Core through B Cell Steel Coring through the B Cell floor may require electricity 
Liner and Concrete Floor and therefore presents an electrical hazard . 

Maintenance, Repair, and Maintenance, repair, and/or restart of grouting system 
Restart of Grouting System would require entry into area containing grouting system. 

This will expose workers to electrical hazards of the 
aroutina svstem. 

Maintenance and/or Repair of Maintenance and/or repair of equipment would require 
B Cell Floor and Soil entry into area that contains the equipment (drilling, 
Removal Equipment coring, small remotely operated excavator with 

shears/bucket, breaker/saw on small remotely operated 
excavator, etc.). This will expose workers to electrical 
hazards of the svstem. 

Fill C and D Cells with Waste Filling C and D Cells with waste material may require 
Mixture and Seal electricity and therefore presents an electrical hazard . 
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Hazard 
Kinetic 
Energy 

Potential 
Energy 

Thermal 
Energy 

Description 
Refurbish Crane 

Refurbish Ventilation System 

Underpin B Cell Foundation 

Provide Hose Inlets for 
Grouting Operations 

Install and Operate Soil 
Removal and Waste Grouting 
Equipment within B Cell 

Maintenance and/or Repair of 
B Cell Floor and Soil 
Removal Equipment 

Install and Operate Soil 
Grouting Equipment outside 
of B Cell 
Backfill Excavated Areas with 
Controlled Density Fill 

Refurbish Crane 

Underpin B Cell Foundation 

Maintenance, Repair, and 
Restart of Grouting System 

Underpin B Cell Foundation 

Table E-4. Alternative B-2. (2 Pages) 

Event or Scenario Consequence Likelihood 
Use of power tools and machinery for crane 
refurbishment has potential to harm workers . 1 3 

Use of power tools and machinery for ventilation system 
refurbishment has potential to harm workers . 1 2 

Use of a pile installation rig has the potential to harm 3 2 
workers . 
Use of power tools to provide openings for hoses for 
grouting operations that has potential to harm workers. 1 1 

Use of the crane and other machinery for removal 
equipment installation has the potential to harm workers. 

1 2 

Maintenance and/or repair of equipment would require 
entry into area that contains the equipment (drilling, 
coring, small remotely operated excavator with 

1 2 
shears/bucket, breaker/saw on small remotely operated 
excavator, etc.). This will expose workers to kinetic 
hazards of the svstem. 
Use of construction equipment/machinery for grout 
pumping equipment installation has the potential to harm 2 2 
workers. 
Backfilling the excavated areas with a controlled density 
fill may expose workers to kinetic energy hazards in the 1 2 
form of moving equipment. 
Crane parts and/or assemblies may be dropped from an 
elevated position. 2 2 

Micropiles may be dropped from an elevated position . 
5 1 

Maintenance, repair, and/or restart of grouting system 
would require entry into area containing grouting system. 2 2 
This will expose workers to potential energy hazards 
includino cloaaino of oroutino svstem. 
Welding may be required in clean areas as part of set up 

3 3 and may results in burns. 

Average Risk Priority Number Value 

Risk Priority # 
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Hazard 
Electrical 
Energy 

Kinetic 
Energy 

Descriotion 
Refurbish Crane 

Underpin B Cell Foundation 

Install and Operate Soil 
Removal and Waste Grouting 
Equipment within B Cell 

Core through B Cell Steel 
Liner and Concrete Floor 

Maintenance, Repair, and 
Restart of Grouting System 

Maintenance and/or Repair of 
B Cell Floor and Soil 
Removal Equipment 

Refurbish Crane 

Refurbish Ventilation System 

Underpin B Cell Foundation 

Install and Operate Soil 
Removal and Waste Grouting 
Equipment within B Cell 
Maintenance and/or Repair of 
B Cell Floor and Soil 
Removal Equipment 

Table E-5. Alternative C-1. (2 Pages) 

Event or Scenario 
Refurbishing and operating the crane requires electricity 
and therefore presents an electrical shock hazard . 

Installation of the micropiles may require electricity and 
therefore presents an electrical hazard . 
Installation of the grouting system within B Cell will 
require substantial electricity therefore presents a 
significant electrical hazard . 

Coring through the B Cell floor may require electricity 
and therefore presents an electrical hazard. 

Maintenance, repair, and/or restart of grouting system 
would require entry into area containing grouting system. 
This will expose workers to electrical hazards of the 
qroutinq system. 
Maintenance and/or repair of equipment would require 
entry into area that contains the equipment (drill ing, 
coring, small remotely operated excavator with 
shears/bucket, breaker/saw on small remotely operated 
excavator, etc.). This will expose workers to electrical 
hazards of the system. 
Use of power tools and machinery for crane 
refurbishment has potential to harm workers. 
Use of power tools and machinery for ventilation system 
refurbishment has potential to harm workers . 
Use of a pile installation rig has the potential to harm 
workers . 
Use of the crane and other machinery for removal 
equipment installation has the potential to harm workers . 

Maintenance and/or repair of equipment would require 
entry into area that contains the equipment (drilling, 
coring, small remotely operated excavator with 
shears/bucket, breaker/saw on small remotely operated 
excavator, etc.). This will expose workers to kinetic 
hazards of the system. 

Consequence Likelihood 

5 1 

3 1 

5 2 

1 1 

5 1 

5 1 

1 3 

1 2 

3 2 

1 2 

1 2 

Risk Priority # 
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Hazard 

Potential 
Energy 

Thermal 
Enerqy 

Description 
Backfill Excavated Areas with 
Controlled Density Fill 

Place Waste Box Liner and 
Waste Box into/out of B Cell 
and Airlock, respectively 

Close Waste Container within 
Airlock, Decon and Remove 

Refurbish Crane 

Underpin B Cell Foundation 

Maintenance, Repair, and 
Restart of Grouting System 

Close Waste Container within 
Airlock, Decon and Remove 

Transport Waste Container to 
Storage/Disposal Facility 

Underpin B Cell Foundation 

Table E-5. Alternative C-1. (2 Pages) 

Event or Scenario Consequence Likelihood 
Backfilling the excavated areas with a controlled density 
fill may expose workers to kinetic energy hazards. 1 2 

Use of the crane and other machinery to locate waste 
container and liner has the potential to harm workers. 

2 2 Risk Priority# is multiplied by 3 to account for three work 
crews and repetitive waste container evolutions. 
Use of the crane to close waste container lid and crane, 
rail, machine, etc. to remove container has the potential 
to harm workers. Risk Priority # is multiplied by 3 to 2 2 
account for three work crews and repetitive waste 
container evolutions. 
Crane parts and/or assemblies may be dropped from an 2 2 
elevated position. 
Micropiles may be dropped from an elevated position . 5 1 

Maintenance, repair, and/or restart of grouting system 
would require entry into area containing grouting system. 

2 2 
This will expose workers to potential energy hazards 
includino cloaaino of oroutino svstem. 
Container and/or lids may be dropped from an elevated 
position . Risk Priority# is multiplied by 3 to account for 

3 2 
three work crews and repetitive waste container 
evolutions. 
Transportation of waste containers to storage/disposal 
facility may expose workers to potential energy hazards 
including lifting/dropping of containers . Risk Priority# is 3 2 
multiplied by 3 to account for three work crews and 
reoetitive waste container evolutions. 
Welding may be required in clean areas as part of set up 

3 3 and may results in burns. 
Average Risk Priority Number Value 

Risk Priority # 
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Hazard 
Electrical 
Energy 

Kinetic 
Energy 

Description 
Refurbish Crane 

Underpin B Cell Foundation 

Provide Hose Inlets for 
Grouting Operations 

Install and Operate Soil 
Removal and Waste Grouting 
Equipment within B Cell 

Install and Operate Soil 
Grouting Equipment outside 
of B Cell 
Core through B Cell Steel 
Liner and Concrete Floor 

Maintenance, Repair, and 
Restart of Grouting System 

Maintenance and/or Repair of 
B Cell Floor and Soil 
Removal Equipment 

Fill C and D Cells with Waste 
Mixture and Seal 

Refurbish Crane 

Refurbish Ventilation System 

Underpin B Cell Foundation 

Table E-6. Alternative C-2. (2 Pages) 

Event or Scenario 
Refurbishing and operating the crane requires electricity 
and therefore presents an electrical shock hazard . 

Installation of the micropiles may require electricity and 
therefore presents an electrical hazard . 

Running grout transfer lines and providing hose inlets 
into C and D Cells may require electricity and therefore 
presents an electrical hazard. 
Installation of the grouting system within B Cell will 
require substantial electricity therefore presents a 
significant electrical hazard. 

Installation of the grouting system outside off B Cell will 
require substantial electricity therefore presents a 
siQnificant electrical hazard. 
Coring through the B Cell floor may require electricity 
and therefore presents an electrical hazard . 

Maintenance, repair, and/or restart of grouting system 
would require entry into area containing grouting system. 
This will expose workers to electrical hazards of the 
aroutina system. 
Maintenance and/or repair of equipment would require 
entry into area that contains the equipment (drilling, 
coring, small remotely operated excavator with 
shears/bucket, breaker/saw on small remotely operated 
excavator, etc.). This will expose workers to electrical 
hazards of the system. 
Filling C and D Cells with waste material may require 
electricity and therefore presents an electrical hazard . 

Use of power tools and machinery for crane 
refurbishment has potential to harm workers. 
Use of power tools and machinery for ventilation system 
refurbishment has potential to harm workers . 

Use of a pile installation rig has the potential to harm 
workers. 

Conse<1uence Likelihood 

5 1 

3 1 

5 1 

5 2 

5 1 

1 1 

5 1 

5 1 

1 1 
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1 2 

3 2 

Risk Priority# 
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Hazard 

Potential 
Energy 

Thermal 
Enerov 

Description 
Provide Hose Inlets for 
Grouting Operations 

Install and Operate Soil 
Removal and Waste Grouting 
Equipment within B Cell 

Maintenance and/or Repair of 
B Cell Floor and Soil 
Removal Equipment 

Install and Operate Soil 
Grouting Equipment outside 
of B Cell 
Backfill Excavated Areas with 
Controlled Density Fill 

Refurbish Crane 

Underpin B Cell Foundation 

Maintenance, Repair, and 
Restart of Grouting System 

Underpin B Cell Foundation 

Table E-6. Alternative C-2. (2 Pages) 

Event or Scenario Consequence Likelihood 
Use of power tools to provide openings for hoses for 
grouting operations that has potential to harm workers. 1 1 

Use of the crane and other machinery for removal 
equipment installation has the potential to harm workers . 1 2 

Maintenance and/or repair of equipment would require 
entry into area that contains the equipment (drilling, 
coring, small remotely operated excavator with 1 2 
shears/bucket, breaker/saw on small remotely operated 
excavator, etc). This will expose workers to kinetic 
hazards of the svstem. 
Use of construction equipment/machinery for grout 
pumping equipment installation has the potential to harm 2 2 
workers. 
Backfilling the excavated areas with a controlled density 
fill may expose workers to kinetic energy hazards in the 1 2 
form of movino eouioment. 
Crane parts and/or assemblies may be dropped from an 

2 2 
elevated position. 
Micropiles may be dropped from an elevated position. 5 1 

Maintenance, repair, and/or restart of grouting system 
would require entry into area containing grouting system. 

2 2 This will expose workers to potential energy hazards 
including clogging of grouting system. 

Welding may be required in clean areas as part of set up 3 3 
and mav results in burns. 

Average Risk Priority Number Value 

Risk Priority# 
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Hazard 
Electrical 
Energy 

Kinetic 
Energy 

Description 
Refurbish Crane 

Underpin B Cell Foundation 

Install and Operate Soil 
Removal and Waste Grouting 
Equipment within B Cell 

Core through B Cell Steel 
Liner and Concrete Floor 

Maintenance, Repair, and 
Restart of Grouting System 

Maintenance and/or Repair of 
B Cell Floor and Soil 
Removal Equipment 

Refurbish Crane 

Refurbish Ventilation System 

Underpin B Cell Foundation 

Install and Operate Soil 
Removal and Waste Grouting 
Equipment within B Cell 
Maintenance and/or Repair of 
B Cell Floor and Soil 
Removal Equipment 

Table E-7. Alternative D-1. (2 Pages) 

Event or Scenario 
Refurbishing and operating the crane requires electricity 
and therefore presents an electrical shock hazard . 

Installation of the micropiles may require electricity and 
therefore presents an electrical hazard. 

Installation of the grouting system within B Cell will require 
substantial electricity therefore presents a significant 
electrical hazard . 

Coring through the B Cell floor may require electricity and 
therefore presents an electrical hazard. 

Maintenance, repair, and/or restart of grouting system 
would require entry into area containing grouting system. 
This will expose workers to electrical hazards of the 
grouting system. 
Maintenance and/or repair of equipment would require 
entry into area that contains the equipment (drilling, coring, 
small remotely operated excavator with shears/bucket, 
breaker/saw on small remotely operated excavator, 
vacuum soil removal system, air knife, etc.). This will 
expose workers to electrical hazards of the system. 
Use of power tools and machinery for crane refurbishment 
has potential to harm workers. 
Use of power tools and machinery for ventilation system 
refurbishment has potential to harm workers. 

Use of a pile installation rig has the potential to harm 
workers . 
Use of the crane and other machinery for removal 
equipment installation has the potential to harm workers . 

Maintenance and/or repair of equipment would require 
entry into area that contains the equipment (drilling , coring, 
small remotely operated excavator with shears/bucket, 
breaker/saw on small remotely operated excavator, 
vacuum soil removal system, air knife, etc.). This will 
expose workers to kinetic hazards of the system. 

Consequence Likelihood 

5 1 

3 1 

5 2 

1 1 

5 1 

5 1 

1 3 

1 2 

3 2 

1 2 

1 2 

Risk Prioritv # 
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Hazard 

Potential 
Energy 

Thermal 
Energy 

Description 
Backfill Excavated Areas with 
Controlled Density Fill 

Place Waste Box Liner and 
Waste Box into/out of B Cell 
and Airlock, respectively 

Close Waste Container within 
Airlock, Decon and Remove 

Refurbish Crane 

Underpin B Cell Foundation 

Maintenance, Repair, and 
Restart of Grouting System 

Close Waste Container within 
Airlock, Decon and Remove 

Transport Waste Container to 
Storage/Disposal Facility 

Underpin B Cell Foundation 

Table E-7. Alternative D-1. (2 Pages) 

Event or Scenario ConseQuence Likelihood 
Backfilling the excavated areas with a controlled density fill 
may expose workers to kinetic energy hazards. 1 2 

Use of the crane and other machinery to locate waste 
container and liner has the potential to harm workers . Risk 

2 2 Priority# is multiplied by 3 to account for three work crews 
and repetitive waste container evolutions. 
Use of the crane to close waste container lid and crane, 
rail, machine, etc. to remove container has the potential to 
harm workers . Risk Priority# is multiplied by 3 to account 2 2 
for three work crews and repetitive waste container 
evolutions. 
Crane parts and/or assemblies may be dropped from an 
elevated position. 2 2 

Micropiles may be dropped from an elevated position. 
5 1 

Maintenance, repair, and/or restart of grouting system 
would require entry into area containing grouting system. 

2 2 This will expose workers to potential energy hazards 
includinQ cloaainQ of QroutinQ system. 
Container and/or lids may be dropped from an elevated 
position. Risk Priority# is multiplied by 3 to account for 

3 2 three work crews and repetitive waste container evolutions. 

Transportation of waste containers to storage/disposal 
facility may expose workers to potential energy hazards 
including lifting/dropping of containers. Risk Priority# is 3 2 
multiplied by 3 to account for three work crews and 
repetitive waste container evolutions. 
Welding may be required in clean areas as part of set up 
and may results in burns. 3 3 

Average Risk Priority Number Value 

Risk Prioritv # 
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Hazard 
Electrical 
Energy 

Kinetic 
Energy 

Description 
Refurbish Crane 

Underpin B Cell Foundation 

Provide Hose Inlets for 
Grouting Operations 

Install and Operate Soil 
Removal and Waste Grouting 
Equipment within B Cell 

Install and Operate Soil 
Grouting Equipment outside 
of B Cell 

Core through B Cell Steel 
Liner and Concrete Floor 
Maintenance, Repair, and 
Restart of Grouting System 

Maintenance and/or Repair of 
B Cell Floor and Soil 
Removal Equipment 

Fill C and D Cells with Waste 
Mixture and Seal 

Refurbish Crane 

Refurbish Ventilation System 

Underpin B Cell Foundation 

Table E-8. Alternative D-2. (2 Pages) 

Event or Scenario 
Refurbishing and operating the crane requires electricity 
and therefore presents an electrical shock hazard. 
Installation of the micropiles may require electricity and 
therefore presents an electrical hazard. 
Running grout transfer lines and providing hose inlets 
into C and D Cells may require electricity and therefore 
presents an electrical hazard. 
Installation of the grouting system within B Cell will 
require substantial electricity therefore presents a 
significant electrical hazard . 

Installation of the grouting system outside off B Cell will 
require substantial electricity therefore presents a 
significant electrical hazard. 

Coring through the B Cell floor may require electricity 
and therefore presents an electrical hazard . 
Maintenance, repair, and/or restart of grouting system 
would require entry into area containing grouting system. 
This will expose workers to electrical hazards of the 
qroutinq system. 
Maintenance and/or repair of equipment would require 
entry into area that contains the equipment (drilling, 
coring, small remotely operated excavator with 
shears/bucket, breaker/saw on small remotely operated 
excavator, vacuum soil removal system, air knife, etc.). 
This will expose workers to electrical hazards of the 
system. 
Filling C and D Cells with waste material may require 
electricity and therefore presents an electrical hazard . 

Use of power tools and machinery for crane 
refurbishment has potential to harm workers . 
Use of power tools and machinery for ventilation system 
refurbishment has potential to harm workers . 

Use of a pile installation rig has the potential to harm 
workers. 

Consequence Likelihood 

5 1 

3 1 

5 1 

5 2 

5 1 

1 1 

5 1 

5 1 
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3 2 

Risk Priority# 
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Hazard 

Potential 
Energy 

Thermal 
EnerQY 

Description 
Provide Hose Inlets for 
Grouting Operations 

Install and Operate Soil 
Removal and Waste Grouting 
Equipment within B Cell 

Maintenance and/or Repair of 
B Cell Floor and Soil 
Removal Equipment 

Install and Operate Soil 
Grouting Equipment outside 
of B Cell 
Backfill Excavated Areas with 
Controlled Density Fill 

Refurbish Crane 

Underpin B Cell Foundation 

Maintenance, Repair, and 
Restart of Grouting System 

Underpin B Cell Foundation 

Table E-8. Alternative D-2. (2 Pages) 

Event or Scenario Consequence Likelihood 
Use of power tools to provide openings for hoses for 
grouting operations that has potential to harm workers . 1 1 

Use of the crane and other machinery for removal 
equipment installation has the potential to harm workers . 

1 2 

Maintenance and/or repair of equipment would require 
entry into area that contains the equipment (drilling, 
coring, small remotely operated excavator with 
shears/bucket, breaker/saw on small remotely operated 1 2 
excavator, vacuum soil removal system, air knife, etc.). 
This will expose workers to kinetic hazards of the 
svstem. 
Use of construction equipment/machinery for grout 
pumping equipment installation has the potential to harm 2 2 
workers . 
Backfill ing the excavated areas with a controlled density 
fill may expose workers to kinetic energy hazards in the 1 2 
form of moving equipment. 
Crane parts and/or assemblies may be dropped from an 

2 2 
elevated position . 
Micropiles may be dropped from an elevated position. 5 1 

Maintenance, repair, and/or restart of grouting system 
would require entry into area containing grouting system. 

2 2 This will expose workers to potential energy hazards 
including cloaaing of grouting system. 
Weld ing may be required in clean areas as part of set up 

3 3 and may results in burns. 
Average Risk Priority Number Value 

Risk Priority# 
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Hazard 
Electrical 
Energy 

Kinetic 
Energy 

Description 
Install and Operate Soil 
Stabilization Equipment within 
B Cell 

Maintenance, Repair, and 
Restart of Grouting System 

Maintenance and/or Repair of 
B Cell Floor Drilling 
Equipment 

Core through B Cell Steel 
Liner and Concrete Floor 

Deactivate new Hazard 
Category 3 Facility 

Stabilize new Hazard 
Category 3 Facility 
Refurbish Ventilation System 

Excavate and Construct New 
Hazard Category 3 Facility 

Install and Operate Soil 
Removal and Waste Grouting 
Equipment into Shielded 
Room 
Install and Operate Soil 
Grouting Equipment outside 
of Shielded Room 

Maintenance and/or Repair of 
B Cell Floor Drilling 
Equipment 

Table E-9. Alternative E-1. (3 Pages) 

Event or Scenario 
Installation and operation of the soil stabilization system 
within B Cell will require substantial electricity therefore 
presents a significant electrical hazard . 

Maintenance, repair, and/or restart of grouting system 
would require entry into area containing grouting system. 
This will expose workers to electrical hazards of the 
grouting system. 
Maintenance and/or repair of equipment would require 
entry into area that contains the drilling/coring 
equipment. This will expose workers to electrical 
hazards of the system. 
Coring through the B Cell floor may require electricity 
and therefore presents an electrical hazard. 

Deactivation of new Hazard Category 3 Facility 
(including deactivating power, removal of filters , etc.) 
mav exoose workers to electrical hazards. 
Stabilization activities of new Hazard Category 3 Facility 
may expose workers to electrical energy hazards. 
Use of power tools and machinery for ventilation system 
refurbishment has potential to harm workers. 

Use of standard construction equipment to excavate and 
construct new Hazard Category 3 facility has the 
potential to harm workers. 

Use of construction equipment/machinery for removal 
equipment installation has the potential to harm workers . 

Use of construction equipment/machinery for grout 
pumping equipment installation has the potential to harm 
workers . 

Maintenance and/or repair of equipment would require 
entry into area that contains the dri ll ing/coring 
equipment. This will expose workers to kinetic hazards 
of the svstem. 

Consequence Likelihood 

5 2 

5 1 

5 1 

1 1 

5 1 

3 1 

1 2 

5 1 

1 2 

4 1 

1 2 

Risk Priority# 
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Hazard 

Potential 
Energy 

Description 
Backfill Excavated Areas with 
Controlled Density Fill 

Place Waste Box into/out of 
New Hazard Category 3 
Facility 

Close Waste Container within 
Airlock, Decon and Remove 

Deactivate new Hazard 
Category 3 Facility 

Stabilize new Hazard 
Cateaorv 3 Facility 
Remove new Hazard 
Category 3 Facility 

Excavate and Construct New 
Hazard Category 3 Facility 

Maintenance, Repair, and 
Restart of Grouting System 

Close Waste Container within 
Airlock, Decon and Remove 

Transport Waste Container to 
Storage/Disposal Facility 

Deactivate new Hazard 
Category 3 Facility 

Table E-9. Alternative E-1. (3 Pages) 

Event or Scenario 
Backfilling the excavated areas with a controlled density 
fill may expose workers to kinetic energy hazards 
includino overhead fall hazards. 
Use of the crane and other machinery to locate waste 
container and liner has the potential to harm workers . 
Risk Priority# is multiplied by 2 to account for two work 
crews and repetitive waste container evolutions. 
Use of the crane to close waste container lid and crane, 
rail , machine, etc. to remove container has the potential 
to harm workers . Risk Priority# is multiplied by 3 to 
account for three work crews and repetitive waste 
container evolutions. 
Deactivation of new Hazard Category 3 Facility 
(including deactivating power, removal of filters , etc.) 
may expose workers to kinetic eneroy hazards. 
Stabilization activities of new Hazard Category 3 Facility 
may exoose workers to kinetic enemy hazards. 
Removal of new Hazard Category 3 Facility may expose 
workers to kinetic energy hazards (heavy equipment, 
cranes, debris, etc.). 
Construction equipment may be dropped from an 
elevated position. 

Maintenance, repair, and/or restart of grouting system 
would require entry into area containing grouting system. 
This will expose workers to potential energy hazards 
including clogging of grouting system. 

Container and/or lids may be dropped from an elevated 
position. Risk Priority# is multiplied by 2 to account for 
two work crews and repetitive waste container 
evolutions. 
Transportation of waste containers to storage/disposal 
facility may expose workers to potential energy hazards 
including lifting/dropping of containers . Risk Priority# is 
multiplied by 3 to account for three work crews and 
repetitive waste container evolutions. 
Deactivation of new Hazard Category 3 Facility 
(including deactivating power, removal of filters, etc.) 
may expose workers to potential energy hazards (loads, 
heavy equipment, etc.). 

Conseauence Likelihood 

1 2 

2 2 

2 2 

2 2 

1 2 

2 2 

4 2 

2 2 
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3 2 
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Table E-9. Alternative E-1. (3 Pages) 
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Thermal 
Ener 

Excavate and Construct New 
Hazard Cate o 3 Facilit 

Removal of new Hazard Category 3 Facility may expose 
2 2 4 

workers to otential ener hazards. 
Welding may be required in clean areas as part of set up 
and ma results in burns . 

3 3 

Average Risk Priority Number Value 
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Hazard 
Electrical 
Energy 

Kinetic 
Energy 

Description 
Provide Hose Inlets for 
Grouting Operations 

Install and Operate Soil 
Stabilization Equipment within 
BCell 

Maintenance, Repair, and 
Restart of Grouting System 

Maintenance and/or Repair of 
B Cell Floor Drilling 
Equipment 

Core through B Cell Steel 
Liner and Concrete Floor 

Deactivate new Hazard 
Category 3 Facility 

Fill C and D Cells with Waste 
Mixture and Seal 

Deactivate new Hazard 
Category 3 Facil ity 

Stabilize new Hazard 
Cateaorv 3 Facilitv 
Refurbish Ventilation System 

Provide Hose Inlets for 
Grouting Operations 

Table E-10. Alternative E-2. (3 Pages) 

Event or Scenario 
Running grout transfer lines and providing hose inlets 
into C and D Cells may require electricity and therefore 
presents an electrical hazard . 
Installation and operation of the soil stabilization system 
within B Cell will require substantial electricity therefore 
presents a significant electrical hazard . 

Maintenance, repair, and/or restart of grouting system 
would require entry into area containing grouting system. 
This will expose workers to electrical hazards of the 
qroutinq system. 
Maintenance and/or repair of equipment would require 
entry into area that contains the drilling/coring 
equipment. This will expose workers to electrical 
hazards of the system. 
Coring through the B Cell floor may require electricity 
and therefore presents an electrical hazard. 

Deactivation of new Hazard Category 3 Facility 
(including deactivating power, removal of filters, etc.) 
may expose workers to electrical hazards. 

Filling C and D Cells with waste material may require 
electricity and therefore presents an electrical hazard. 

Deactivation of new Hazard Category 3 Facility 
(including deactivating power, removal of filters , etc.) 
may expose workers to electrical hazards. 
Stabilization activities of new Hazard Category 3 Facility 
may exoose workers to electrical eneray hazards. 
Use of power tools and machinery for ventilation system 
refurbishment has potential to harm workers . 

Use of power tools to provide openings for hoses for 
grouting operations that has potential to harm workers . 

Consequence Likelihood 

5 1 

5 2 

5 1 

5 1 

1 1 

5 1 

1 1 

5 1 

3 1 

1 2 

1 1 

Risk Priority # 

5 

10 

5 

5 

1 

5 

1 

5 
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Hazard 

Potential 
Energy 

Description 
Excavate and Construct New 
Hazard Category 3 Facility 

Maintenance and/or Repair of 
B Cell Floor Drilling 
Equipment 

Install and Operate Soil 
Removal and Waste Grouting 
Equipment into Shielded 
Room 
Install and Operate Soil 
Grouting Equipment outside 
of Shielded Room 

Backfill Excavated Areas with 
Controlled Density Fill 

Deactivate new Hazard 
Category 3 Facility 

Stabilize new Hazard 
Cateqorv 3 Facility 
Remove new Hazard 
Category 3 Facility 

Excavate and Construct New 
Hazard Category 3 Facility 

Maintenance, Repair, and 
Restart of Grouting System 

Deactivate new Hazard 
Category 3 Facility 

Remove new Hazard 
Cateqorv 3 Facility 

Table E-10. Alternative E-2. (3 Pages) 

Event or Scenario 
Use of standard construction equipment to excavate and 
construct new Hazard Category 3 Facility has the 
potential to harm workers. 
Maintenance and/or repair of equipment would require 
entry into area that contains the drilling/coring 
equipment. This will expose workers to kinetic hazards 
of the system. 
Use of construction equipment/machinery for removal 
equipment installation has the potential to harm workers. 

Use of construction equipment/machinery for grout 
pumping equipment installation has the potential to harm 
workers . 

Backfilling the excavated areas with a controlled density 
fill may expose workers to kinetic energy hazards in the 
form of moving equipment. 
Deactivation of new Hazard Category 3 Facility 
(including deactivating power, removal of filters , etc.) 
may expose workers to kinetic energy hazards. 
Stabilization activities of new Hazard Category 3 Facility 
may expose workers to kinetic enerqy hazards. 
Removal of new Hazard Category 3 Facility may expose 
workers to kinetic energy hazards (heavy equipment, 
cranes, debris, etc.). 
Construction equipment may be dropped from an 
elevated position . 

Maintenance, repair, and/or restart of grouting system 
would require entry into area containing grouting system. 
This will expose workers to potential energy hazards 
including clogging of grouting system. 

Deactivation of new Hazard Category 3 Facility 
(including deactivating power, removal of filters, etc.) 
may expose workers to potential energy hazards (loads, 
heavy equipment, etc.). 
Removal of new Hazard Category 3 Facility may expose 
workers to potential erierqy hazards. 

ConseQuence Likelihood 

5 1 

1 2 

1 2 

4 1 

1 2 

2 2 

1 2 

2 2 

4 2 

2 2 

3 2 

2 2 

Risk Prioritv # 

5 
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Hazard 
Thermal 
Enerav 

Description 
Excavate and Construct New 
Hazard Cateaorv 3 Facility 

Table E-10. Alternative E-2. (3 Pages) 

Event or Scenario Conseauence Likelihood 
Welding may be required in clean areas as part of set up 

3 3 and mav results in burns. 
Average Risk Priority Number Value 

Risk Prioritv # 
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Hazard 
Electrical 
Energy 

Hazardous 
Exposure 

Kinetic 
Energy 

Description 
Core through B Cell Steel 
Liner and Concrete Floor 

Install and Operate Soil 
Grouting Equipment within B 
Cell 
Maintenance, Repair, and 
Restart of Grouting System 

Saw Cutting 

Accumulation of Hazardous 
Fumes/Gases 

Install and Operate Soil 
Grouting Equipment within B 
Cell 
Install and Operate Soil 
Grouting Equipment outside 
of B Cell 
Maintenance and/or Repair 
of B Cell Floor Drilling 
Equipment 

Stabilize Soil by Jet 
Grouting Soil Below B Cell 
footprint and Walls to Depth 
of High Contamination Area 

Excavate Around the 
Stabilized Soil 
Insert Monolith 
Reinforcements 

Form and Pour Monolith 
Boundary around Jet-
grouted Soil 

Table E-11. Alternative H. (2 Pages) 

Event or Scenario 
Coring through the B Cell floor may require electricity 
and therefore presents an electrical hazard . 

Installation of the grouting system within B Cell will 
require substantial electricity therefore presents a 
sianificant electrical hazard. 
Maintenance, repair, and/or restart of grouting system 
would require entry into area containing grouting system. 
This will expose workers to electrical hazards of the 
aroutina svstem. 
Saw cutting may expose workers to significant electrical 
hazardous energy from a large saw to cut the monolith. 

Machinery and equipment in a large excavation can 
accumulate hazardous fumes/gases . 

Use of the crane and other machinery has the potential 
to harm workers . 

Use of construction equipment/machinery for grout 
pumping equipment installation has the potential to harm 
workers . 
Maintenance and/or repair of equipment would require 
entry into area that contains the drilling/coring 
equipment. This will expose workers to kinetic hazards 
of the svstem. 
Stabilizing the soil by jet grouting may expose the 
workers to moving equipment (operation is remote). 

Excavating around the stabilized soil may encounter 
kinetic hazards. 
During installation of horizontal monolith reinforcements, 
workers will be within the vicinity of large moving 
equipment. 
Forming and pouring the walls of the monolith may 
expose workers to overhead cranes, grout trucks, forms , 
and equipment in general. 

Consequence Likelihood 

1 1 

5 2 

5 1 

5 2 

3 2 

1 2 

2 2 

1 2 

1 1 

3 2 

3 2 

3 2 

Risk Priority # 

1 

10 

5 

10 

6 
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4 
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6 
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Hazard Descriction 
Prepare Monolith for 
Shipping 

Remove Monolith 

Potential Excavate Around the 
Energy Stabilized Soil 

Insert Monolith 
Reinforcements 

Form and Pour Monolith 
Boundary around Jet-
grouted Soil 

Maintenance, Repair, and 
Restart of Grouting System 

Maintenance and/or Repair 
of B Cell Floor Drilling 
Equipment 

Core through B Cell Steel 
Liner and Concrete Floor 

Prepare Monolith for 
Shiooinq 
Lift and Transport Monolith 
to Disposal Facility 

m 
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O> 

Table E-11. Alternative H. (2 Pages) 

Event or Scenario Conseauence Likelihood 
Workers may be exposed to kinetic energy hazards 

3 2 when preparing the monolith for shipment. 

Use of wire cutting to separate cells from foundation has 
4 1 

the potential to harm workers . 
Excavating around the stabilized soil may encounter 
minor overhead hazards. 1 1 

During installation of horizontal monolith reinforcements , 
workers will be within the vicinity of large equipment 3 2 
(some overhead). 
Forming and pouring the walls of the monolith may 
expose workers to overhead cranes, grout trucks, forms , 3 2 
and equipment in general. 

Maintenance, repair, and/or restart of grouting system 
would require entry into area containing grouting system. 

2 2 This will expose workers to potential energy hazards 
including clogging of grouting system. 
Maintenance and/or repair of equipment would require 
entry into area that contains the drilling/coring 

5 1 equipment. This will expose workers to potential energy 
hazards of the system. 
Coring through the B Cell floor may require may present 

1 1 overhead potential energy hazards. 

Potential energy hazards to workers preparing the 
3 3 monolith for shipment may occur. 

During lifting and transportation to disposal facility drop 
3 3 of the monolith may occur. 

Average Risk Priority Number Value 

Risk Prioritv # 
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Table E-12. Alternative P. (2 Pages) 

Hazard Description Event or Scenario 
Electrical Core through B Cell Steel Coring through the B Cell floor may require electricity 

Liner and Concrete Floor and therefore presents an electrical hazard . 

Install and Operate Soil Installation of the grouting system within B Cell will 
Grouting Equipment within require substantial electricity therefore presents a 
BCell siqnificant electrical hazard. 
Maintenance, Repair, and Maintenance, repair, and/or restart of grouting system 
Restart of Grouting System would require entry into area containing grouting system. 

This will expose workers to electrical hazards of the 
grouting system. 

Maintenance and/or Repair Maintenance and/or repair of equipment would require 
of B Cell Floor Drilling entry into area that contains the drilling/coring 
Equipment equipment. This will expose workers to electrical 

hazards of the system. 
Kinetic Install and Operate Soil Use of the crane and other machinery has the potential 
Energy Grouting Equipment within to harm workers . 

B Cell 
Install and Operate Soil Use of construction equipment/machinery for grout 
Grouting Equipment outside pumping equipment installation has the potential to harm 
of B Cell workers. 
Maintenance and/or Repair Maintenance and/or repair of equipment would require 
of B Cell Floor Drilling entry into area that contains the drilling/coring 
Equipment equipment. This will expose workers to kinetic hazards 

of the system. 
Stabilize Soil by Jet Grouting Stabilizing the soil by jet grouting may expose the 
Soil below B Cell Footprint workers to moving equipment (operation is remote). 
and Walls to Depth of High 
Contamination Area 

Maintenance, Repair, and Maintenance, repair, and/or restart of grouting system 
Restart of Grouting System would require entry into area containing grouting system. 

This will expose workers to kinetic energy hazards 
including clogging of grouting system. 

Long-term Surveillance and Long-term surveillance and maintenance of site may 
Maintenance expose workers to minor kinetic hazards (slips, trips , 

falls, etc.). 

Conseauence Likelihood 

1 1 

5 2 

5 1 

5 1 

1 2 

2 2 

1 2 

1 1 

2 2 

1 1 

Risk Prioritv # 

1 

10 

5 

5 

2 

4 

2 

1 

4 

1 

~ 
:::a() 
CD "f 
< (]1 . 0 
0(.;) 



m 
I 

N 
CX) 

Hazard 

Potential 
Enerqy 

Description 
Construct Cap 

Maintenance and/or Repair 
of B Cell Floor Drilling 
Equipment 

Table E-12. Alternative P. (2 Pages) 

Event or Scenario Consequence Likelihood 
Use of standard construction equipment to construct 
berms has the potential to harm workers . 3 2 

Maintenance and/or repair of equipment would require 
entry into area that contains the drilling/coring 

5 1 
equipment. This will expose workers to potential energy 
hazards of the system. 

Average Risk Priority Number Value 

Risk Priority # 
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5 
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Hazard Description 
Kinetic Stabilize B Cell Interior Floor 
Energy and Walls to Depth of -1 .8 

m (6 ft) 
Install Vertical Barrier 
System 

Construct Cap 

Long-term Surveillance and 
Maintenance 

Potential Install Vertical Barrier 
Energy System 
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Table E-13. Alternative Q. 

Event or Scenario ConseQuence Likelihood 
Stabilizing the soil by jet grouting may expose the 
workers to moving equipment (operation is remote). 1 1 

Installation of the vertical barrier system will involve large 
equipment and significant moving hazards. 3 3 

Use of standard construction equipment to construct 
3 2 berms has the potential to harm workers . 

Long-term surveillance and maintenance of site may 
expose workers to minor kinetic hazards {slips , trips, 1 1 
falls , etc.). 
Installation of the vertical barrier system will involve large 
equipment and significant overhead hazards. 3 2 

Average Risk Priority Number Value 

Risk Priority # 

1 
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Hazard 
Electrical 
Energy 

Hazardous 
Exposure 

Kinetic 
Energy 

Description 
Installation and Repair of 
Coring Equipment within B 
Cell 

Core through B Cell floor 

Maintenance, Repair, and 
Restart of Grouting System 

Maintenance and/or Repair 
of B Cell Floor Drilling 
Equipment 

Operation In situ Vitrification 
System 

Deactivate Hood and Off-
gas System 

Stabilize Hood and Off-gas 
System 

Operation In situ Vitrification 
System 

Stabilize Hood and Off-gas 
System 

Installation and Repair of 
Coring Equipment within 
BCell 

Maintenance and/or Repair 
of B Cell Floor Drilling 
Equipment 

Table E-14. Alternative R. (3 Pages) 

Event or Scenario 
Installation and repair of coring equipment within B Cell 
may expose workers to electrical hazards associated 
with the coring equipment 

Coring through B Cell floor using remote equipment may 
pose minor electrical energy hazards. Work to be 
performed within the facility using the existing ventilation 
system. Coring to be performed on -1 .5- by 1.5-m (5- by 
5-ft) qrid. 
Maintenance, repair, and/or restart of grouting system 
would require entry into area containing grouting system. 
This will expose workers to electrical hazards of the 
qroutinq system. 
Maintenance and/or repair of equipment would require 
entry into area that contains the drilling/coring 
equipment. This will expose workers to electrical 
hazards of the system. 
Operation of in situ vitrification system will have a large 
electrical energy hazard. 

Deactivation of hood and off-gas system (including 
deactivating power, removal of filters/treatment system, 
etc.) may expose workers to electrical hazards. 
Stabilization activities for the hood and off-gas system 
may expose workers to electrical energy hazards. 

Operation of in situ vitrification system will have potential 
for non-radiological exposure hazards. Workers will not 
be in vicinity durinq operation of the system. 
Stabilization activities for hood and off-gas system may 
expose workers to non-radiological hazards. 

Installation and repair of coring equipment within B Cell 
may expose workers to kinetic energy hazards. Work to 
be performed within the facility using the existing 
ventilation system. Risk Priority# is multiplied by 3 to 
account for three work crews. 
Maintenance and/or repair of equipment would require 
entry into area that contains the drilling/coring 
equipment. This will expose workers to kinetic hazards 
of the system. 

Consequence Likelihood 

5 1 

1 1 

5 1 

5 1 

5 1 

5 1 

3 1 

3 1 

1 3 

1 1 

1 2 

Risk Priority# 
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Hazard 

Potential 
Energy 

Description 
Installation of Electrodes 
through B Cell Floor and 
Soil after Building Removal 

Construct Hood and Off-gas 
System 

Operation In situ Vitrification 
System 

Deactivate Hood and Off-
gas System 

Stabilize Hood and Off-gas 
System 
Remove Hood and Off-gas 
System 

Construct Cap 

Long-term Surveillance and 
Maintenance 

Stabilize B Cell Interior Floor 
and Walls to Depth of 
~1 .8 m (6 ft) 
Maintenance, Repair, and 
Restart of Grouting System 

Construct Hood and Off-gas 
System 

Deactivate Hood and Off-
gas System 

Remove Hood and Off-gas 
System 

Table E-14. Alternative R. (3 Pages) 

Event or Scenario 
Installation of electrodes may expose workers to kinetic 
energy hazards during placement/installation. 

Construction of hood and off-gas system may expose 
workers to kinetic energy hazards (general construction 
hazards). 
Operation of in situ vitrification system will manage off-
gassing system which will include kinetic energy 
hazards. 
Deactivation of hood and off-gas system (including 
deactivating power, removal of filters/treating system , 
etc.) may expose workers to kinetic energy hazards. 
Stabilization activities for the hood and off-gas system 
may expose workers to kinetic enerQy hazards. 
Removal of hood and off-gas system may expose 
workers to kinetic energy hazards (heavy equipment, 
cranes, debris , etc.). 

Use of standard construction equipment to construct 
berms has the potential to harm workers . 
Long-term surveillance and maintenance of site may 
expose workers to minor kinetic hazards (slips , trips , 
falls , etc.). 
Stabilize B Cell interior floor and walls may introduce 
potential energy hazards from overhead equipment. 

Maintenance, repair, and/or restart of grouting system 
would require entry into area containing grouting system . 
This will expose workers to potential energy hazards 
includinQ cfoaainQ of QroutinQ system . 
Construction of hood and off-gas system may expose 
workers to potential energy hazards (general 
construction hazards). 
Deactivation of hood and off-gas system (including 
deactivating power, removal of filters/treatment system, 
etc.) may expose workers to potential energy hazards 
(loads, heavy eauioment, etc.). 
Removal of hood and off-gas system may expose 
workers to potential energy hazards. 

ConseQuence Likelihood 

2 1 

3 1 

2 1 

2 2 

1 2 

2 2 

3 2 

1 1 

2 1 

2 2 
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3 2 

2 2 
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Hazard 
Thermal 
Energy 

Description 
Operation In situ Vitrification 
System 

Table E-14. Alternative R. (3 Pages) 

Event or Scenario Conse uence Likelihood Risk Priori # 
Operation of in situ vitrification system will have potential 

--'----+-------+--------"----i 

for a large thermal energy hazard. Workers will not be in 4 4 
vicinity durinq operation of the system. 
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APPENDIX F 

ROUGH ORDER OF MAGNITUDE COST EVALUATION 
OF ALTERNATIVES 

WCH-503 
Rev. 0 

To match the grading system for the remaining attributes, a grade between 1 and 8, eight 
equally-sized bins were calculated based on the minimum and maximum cost from all of the 
alternatives. Table F-2 calculates the bins for each grade and assigns a grade for each 
alternative from costs given in Table F-1 . 

Table F-1. Summary of Cost for Each Alternative. (2 Pages) 

Alternative Soil 
Alternative Description Number Disposition 

A-1 ERDF box Soil removed through B Cell using a combination of 
remote excavator and soil vacuum 

A-2 
ERDF Soil removed through B Cell using a combination of 
monolith remote excavator and soil vacuum 

B-1 ERDF box 
Soil stabilized in place Uet-grout) and removed 
throuqh B Cell usinq a remote excavator 

B-2 
ERDF Soil stabilized in place Uet-grout) and removed 
monolith throuqh B Cell using a remote excavator 

C-1 ERDF box Soil removed through B Cell using a mud-rotary drill 
with qrout as a lubricant 

C-2 
ERDF Soil removed through B Cell using a mud-rotary drill 
monolith with qrout as a lubricant 

Soil stabilized in place Uet-grout) and removed 
D-1 ERDF box through B Cell using a combination of remote 

excavator, air knife, and soil vacuum 

ERDF 
Soil stabilized in place Uet-grout) and removed 

D-2 
monolith 

through B Cell using a combination of remote 
excavator, air knife, and soil vacuum 
New Nuclear Category 3 Facility constructed adjacent 

E-1 ERDF box to the 324 Building. Soil removed into new facility 
using a horizontal mud-rotary drill with grout as a 
lubricant. 
New Nuclear Category 3 Facility constructed adjacent 

E-2 
ERDF to the 324 Building. Soil removed into new facility 
monolith using a horizontal mud-rotary drill with grout as a 

lubricant. 
Grout injected into the soil through B Cell. After 324 

H 
ERDF Building D4, horizontal steel members placed through 
monolith the grouted soil. Grouted soil and below-grade portion 

of B Cell removed as a very large monolith. 
Grout injected into the soil through B Cell. Below-

p Safe store grade portion of B Cell and stabilized soil left in place 
and a cap constructed over the area. 
Horizontal barrier system installed below 

Q Safe store contaminated soil. Below-grade portion of B Cell and 
stabilized soil left in place and a cap constructed over 
the area. 

Remediation Alternatives Evaluation for Contaminated Soil Beneath the 324 Building 
December 2011 

ROM Cost 
Estimate 

$45,711 ,512 

$36,472,420 

$42,845,767 

$34,303,746 

$40,945,394 

$34,143,521 

$45,341 , 111 

$37,373,505 

$42,363,894 

$35,459,391 

$63,558,291 

$28,121 ,275 

$29,655,202 

F-1 



Table F-1. Summary of Cost for Each Alternative. (2 Pages) 

Alternative Soil Alternative Description 
Number Disposition 

After 324 Building D4, electrodes placed through 
B Cell floor into soil for in situ vitrification . New 

R Safe store structure constructed to capture and treat off-gassing. 
Vitrified soil left in place and cap constructed over the 
area. 

ERDF = Environmental Restoration Disposal Facility 
ROM = rough order of magnitude 

Table F-2. Calculation of Grades for Each Alternative. 

Cost Grading Alternative 
Min $28,121,275 
Max $63,558,291 
Bin $4,429,627 

Upper Limit of Bin Grade 
1 $32,550,902.00 8 
2 $36,980,529.00 7 
3 $41 ,410,156.00 6 
4 $45,839,783.00 5 
5 $50,269,410.00 4 
6 $54,699,037.00 3 
7 $59,128,664.00 2 
8 $63,558,291 .00 1 

Remediatidn Alternatives Evaluation for Contaminated Soil Beneath the 324 Building 
December 2011 

A-1 
A-2 
8-1 
B-2 
C-1 
C-2 
D-1 
D-2 
E-1 
E-2 
H 
p 
Q 
R 

WCH-503 
Rev. 0 

ROM Cost 
Estimate 

$53,053,669 

Final Grade 
5 
7 
5 
7 
6 
7 
5 
6 
5 
7 
1 
8 
8 
3 
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APPENDIX G 

ROUGH ORDER OF MAGNITUDE SCHEDULE/DURATION 
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APPENDIX G 

ROUGH ORDER OF MAGNITUDE SCHEDULE/DURATION 
EVALUATION OF ALTERNATIVES 

WCH-503 
Rev. 0 

To match the grading system for the remaining attributes, a grade between 1 and 8, eight 
equally-sized bins were calculated based on the minimum and maximum duration in months 
from all of the alternatives. Table G-1 calculates the bins for each grade and assigns a grade 
for each alternative from durations given in Table G-2. 

Table G-1. Calculation of Grades for Each Alternative. 

Duration Grading Alternative Final Grade 
Min 23 A-1 7 
Max 40 A-2 6 
Bin 2.125 B-1 7 

B-2 6 
Uooer Limit of Bin Grade C-1 7 

1 25.125 8 C-2 7 
2 27.25 7 D-1 7 
3 29.375 6 D-2 6 
4 31 .5 5 E-1 6 
5 33.625 4 E-2 5 
6 35.75 3 H 3 
7 37.875 2 p 8 
8 40 1 Q 8 

R 1 

Table G-2. Summary of Schedule/Duration for Each Alternative. (2 Pages) 

Alternative Soil Disposition Alternative Description Number 

A-1 ERDF Box 
Soil removed through B Cell using a combination of 
remote excavator and soil vacuum 

A-2 ERDF Monolith Soil removed through B Cell using a combination of 
remote excavator and soil vacuum 

B-1 ERDF Box Soil stabilized in place Uet-grout) and removed 
through B Cell using a remote excavator 

B-2 ERDF Monolith Soil stabilized in place Uet-grout) and removed 
through B Cell using a remote excavator 

C-1 ERDF Box 
Soil removed through B Cell using a mud-rotary 
drill with grout as a lubricant 

C-2 ERDF Monolith 
Soil removed through B Cell using a mud-rotary 
drill with grout as a lubricant 
Soil stabilized in place Uet-grout) and removed 

D-1 ERDF Box through B Cell using a combination of remote 
excavator, air knife , and soil vacuum 

Remediation Alternatives Evaluation for Contaminated Soil Beneath the 324 Building 
December 2011 

End Date3 

6/26/2014 

7/7/2014 

6/11/2014 

7/2/2014 

5/19/2014 

6/16/2014 

5/28/2014 

G-1 
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Table G-2. Summary of Schedule/Duration for Each Alternative. (2 Pages) 

Alternative 
Soil Disposition Alternative Description 

Number 

Soil stabilized in place Uet-grout) and removed 
D-2 ERDF Monolith through B Cell using a combination of remote 

excavator, air knife, and soil vacuum 
New Nuclear Category 3 Facility constructed 

E-1 ERDF Box 
adjacent to the 324 Building. Soil removed into 
new facility using a horizontal mud-rotary drill with 
grout as a lubricant. 
New Nuclear Category 3 Facility constructed 

E-2 ERDF Monolith 
adjacent to the 324 Building. Soil removed into 
new facility using a horizontal mud-rotary drill with 
grout as a lubricant. 
Grout injected into the soil through B Cell. After 
324 Building D4, horizontal steel members placed 

H ERDF Monolith through the grouted soil. Grouted soil and below-
grade portion of B Cell removed as a very large 
monolith. 
Grout injected into the soil through B Cell. Below-

p Safe Store grade portion of B Cell and stabilized soil left in 
place and a cap constructed over the area . 
Horizontal barrier system installed below 

Q Safe Store 
contaminated soil. Below-grade portion of B Cell 
and stabilized soil left in place and a cap 
constructed over the area. 
After 324 Building D4, electrodes placed through 
B Cell floor into soil for in-situ vitrification. New 

R Safe Store structure constructed to capture and treat off-
gassing. Vitrified soil left in place and cap 
constructed over the area. 

• March 1, 2012, was used as the baseline start date. 
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7/16/2014 

8/27/2014 

10/15/2014 

2/19/2015 

2/26/2014 

3/26/2014 

7/13/2015 
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ABILITY TO CONSTRUCT AND OPERA TE (# OF SUBSYSTEMS AND 
PROCESSES) EVALUATION OF ALTERNATIVES 

To match the grading system for the remaining attributes, a grade between 1 and 8, eight 
equally-sized bins were calculated based on the minimum and maximum number of processes 
and subsystems from all of the alternatives. Table H-2 calculates the bins for each grade and 
assigns a grade for each alternative given the number of processes/subsystems from 
Table H-1. 
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Table H-1. Number of Processes/Subsystems for Each Alternative. (4 Pages) 

Alternative # 

Process Name A-1 A-2 8-1 8-2 C-1 C-2 D-1 D-2 E-1 E-2 
Process# Site Preparation 

1 Refurbish Crane 1 1 1 1 1 1 1 1 

2 Refurbish Ventilation Svstem 1 1 1 1 1 1 1 1 1 1 

3 Underpin B Cell Foundation 1 1 1 1 1 1 1 1 

4 
Provide Hose Inlets for Grouting 

1 1 1 1 1 
Operations 

Construction 
Excavate and Construct New Hazard 
Category 3 Facility (1) 

5 Excavation/Preparation for Site (2) 3 3 
Structural Construction (3) 
Equipment/Utilities Installation 

6 Install/Construction Cap 
7 Construct Forms for Monolith 

(1) Equipment Setup and (2) Driving 
8 Horizontal Reinforcement/Lifting Beams 

for Monolith 

9 
Construct Gantry Crain at Disposal 
Facility for Monolith Unloadinq 

10 
Construct Very Large Gantry Crain to 
Support Monolith Liftino 

Installation of Equipment 
Install small remotely operated 

11 excavator Soil Removal Equipment 1 1 1 1 1 1 1 1 
within B Cell 

12 
Install Vacuum Soil Removal Equipment 

1 1 1 1 
within B Cell 

13 
Install Air Knife Soil Removal 

1 1 
Eouipment within B Cell 

14 Install Mud-Rotary Drill Riq within B Cell 1 1 

15 
Install Direct-Push/Jet Grouting 

1 1 1 1 
Equipment within B Cell 
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Table H-1. Number of Processes/Subsystems for Each Alternative. (4 Pages) 

Alternative # 

Process Name A-1 A-2 B-1 B-2 C-1 C-2 D-1 D-2 E-1 E-2 

16 
Install Waste Pumping Equipment 

1 1 1 1 1 1 
within B Cell 

17 
Install Soil Grouting Equipment outside 

1 1 1 1 1 1 1 1 
of B Cell 
Install Horizontal Mud Rotary Drill Rig 

18 Equipment into Shielded Room of New 1 1 
Hazard Category 3 Facility 
Install Soil Grouting Equipment outside 

19 of Shielded Room of New Hazard 1 1 
Cateqorv 3 Facility 

20 
Install Lifting Lugs on Very Large 
Monolith 

Soil Removal Operation 

21 
Remove and Handle Contaminated Soil 

1 1 1 1 1 1 1 1 
within B Cell 
Remove and Handle Contaminated Soil 

22 
within New Hazard Category 3 Facility 

1 1 
using Horizontal Mud Drill Rig 
Equipment 

Soil or Waste Grouting and Stabilization Operation 

23 
Stabilize Soil with Jet Grouting/Direct 

1 1 1 1 
Push equipment 

24 Stabilize Waste with Grout 1 1 1 1 1 1 

25 
Penetrate through B Cell Steel Liner 

1 1 1 1 1 1 1 1 
and Concrete Floor 

26 
Backfill Excavated Areas with Soft 

1 1 1 1 1 1 1 1 1 1 
Grout or Soil 

27 
Introduction of Grout from Equipment 

1 1 1 1 1 1 1 1 
Outside of B Cell 
Introduction of Grout from Equipment 

28 Outside of Hazard Category 3 Facility 1 1 
Shielded Room 

29 
Stabilize Exterior Surfaces of Monolith 
in Preparation for Transport 
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Table H-1. Number of Processes/Subsystems for Each Alternative. (4 Pages) 

Alternative # 
Process Name A-1 A-2 B-1 B-2 C-1 C-2 D-1 D-2 E-1 E-2 

Waste Management 
Transport Waste Container to Disposal 

1 1 1 1 1 Facility 
Place Waste Box Liner and Waste Box 

1 1 1 1 
into B Cell and Airlock 
Place Waste Box into New Hazard 

1 Cateqorv 3 Facility 
Close Waste Container within Airlock, 1 1 1 1 1 Decon and Remove 
Fill C and D Cells with Waste Mixture 

1 1 1 1 1 
and Seal 
Fill Waste Containers with Waste 1 1 1 1 1 
Transport Very Large Monolith to 
Disposal Facility 
Position Hauler to Receiver Very Large 
Monolith 
Offload Very Large Monolith at Disposal 
Facility 

Deactivation, Decommission, Decontamination, and Demolition 
Deactivation of Facility 1 1 
Stabilization of Facility 1 1 
Remove Facility 1 1 

In Situ Vitrification Construction, Maintenance, and Operation 
Install, Maintain, and Operation Process 
Ventilation System 
Install , Maintain, and Operation Off-gas 
Facility Ventilation System 
Install and Operate Electrodes/Drives 
Install and Operate Monitoring and 
Communications Systems 
Install, Maintain, and Operation of 
Hydraulics/Pneumatics 
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Table H-1. Number of Processes/Subsystems for Each Alternative. (4 Pages) 

Alternative # 

Process Name A-1 A-2 B-1 B-2 C-1 C-2 D-1 D-2 E-1 E-2 H p Q R 
Install, Maintain and Operate Electrical 

47 Power Supply and Distribution System 
1 

(including Uninterruptable Power 
Supply) 

48 Install , Maintain and Operate Cooling 
1 

System 

49 Install , Maintain and Operate Exhaust 
1 

Stack and Monitoring 

50 
Construct ContainmenUOff-

1 
qas/Filtration Buildinq 

51 
Install and Operate Process Control 

1 
Systems 

Miscellaneous 

52 
Long Term Surveillance and 

1 1 1 
Maintenance 

Difficulty of Operation 1 1 2 1 2 2 3 1 2 2 3 2 1 1 5 
Number of Process/Subsystems 17 16 18 17 16 15 20 19 18 17 18 8 6 21 

This additional value is to account for an alternative requiring close monitoring , observation , control , and/or interaction between subsystems. Those that can 
operate virtually independently (in series) received a value of 1. Those that require other/multiple subsystems to interact and function (in parallel) in order for the 
operation/alternative to function successfully received a value up to 5. This value was added to the list of subsystems for each alternative. 
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Table H-2. Calculation of Grades for Each Alternative. 

Number of Process/Subsystems Grading 
Upper Limit Overall Rank 

of Bin 
Minimum from all 

6 1 7.875 8 
alternatives 
Maximum from all 

2 9.75 7 
alternatives 

3 11.625 6 
4 13.5 5 

Bin 
5 15.375 4 
6 17.25 3 
7 19.125 2 
8 21 1 

Final Grade 
A-1 A-2 8-1 8-2 C-1 C-2 D-1 D-2 E-1 E-2 

3 3 2 3 3 4 1 2 2 3 
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