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Table ES-3. Comparison of Leakage Monitoring Technologies Based on Functional Requirements 
and Performance Criteria. 

MONITORING 
TECHNOLOGY 

Mass Balance 

YES 

0 YES with Qualifications 

0 POTENTIALLY but unproven for SST application 



WHC-SD-Wh4-ES-379 REV. 0 

(r 
0 

a 
a 
a - 
m 
E 
0 
3 
v) 
al 
0 

._ .- - 

._ 
5 
F 
4 
m 
+ 
v) 

a 

0 0 

v ) O  w w  > >  

ES-8 





WHC-SD-WM-q-379 REV. 0 

Leakage Monitoring 

As shown in Table ES-3, there are three technologies that meet or potentially meet 

the requirements for leakage monitoring (specifically the ability to identify the location and 

movement of a leakage plume). These are 8,3 ERT, borehole logging, and TDR 

technologies. Of these, only borehole logging is available and deployable at the Hanford 

Site. 

The 8,3 ERT configuration can potentially map and track the three-dimensional 

movement of a leakage plume over time. This information can be used to quantify the 

leakage plume. Borehole logging and TDR technologies can only identify and monitor a 

cross-section or single points within a leakage plume. The successful development and 

deployment of ERT as both a leakage detection and leakage monitoring tool would provide 

the additional benefit of addressing the two functions with a single system. 

The TDR technology is a commercially available technology; however, its application 

at the Hanford Site has not been demonstrated. The radius of interrogation is similar to that 

of borehole logging. The primary benefit derived from the use of TDR technology is the 

gathering of real-time continuous data using recorders placed outside the tank farms. 

Es-10 
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As shown in Table ES-4, only past-practice sluicing, which is the baseline retrieval 

technology for tanks that have not previously leaked, is available, deployable, and proven 

reliable for leakage mitigation. Planned equipment and procedural enhancements are 

expected to further improve waste retrieval rates using past-practice sluicing. This will 

reduce the sluicing time frame during which leakage can occur, thereby reducing overall 

leakage and public health risk. The limited sluicing alternative, which is based on 

fundamental mechanical principles but has not been demonstrated in an SST, may prove to be 

effective in mitigating leakage. Robotic sluicing and mechanical retrieval may reduce 

leakage and associated risk by limiting the amount of drainable water in a tank. These 

technologies are not available and are unproven for applications similar to retrieval of waste 

from SSTs, however. 

Three types of subsurface barriers beneath SSTs were considered: chemical, freeze- 

wall, and circulating air. None of these barriers is available and each poses significant 

deployment challenges. The barriers would not reduce leakage and long-term risk unless 

they were installed in a close-coupled configuration (sealed to the exterior of the tank). Only 

chemical barriers can be installed in this configuration. Candidate chemical barrier materials 

such as grout have a sufficiently high permeability that some level of leakage into the barrier 

would occur. Subsurface barriers are also relatively expensive. Their high cost and low 

effectiveness in reducing leakage results in relatively low cost-effectiveness. 

Es-11 
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ISSUES NEEDING RESOLUTION 

The cost, risk, and cost-benefit analyses presented in this document were based on 

assumptions made to deal with a number of identified issues. The issues, assumptions, and 

suggested analyses are described in this section. 

Issue I 

The trade study was based on the assumption that all leakage from SSTs would 

contain constituents of concern at concentrations equal to the composition of average SST 

liquid waste. Cruse et al. (1995) developed preliminary leakage threshold values (LTVs) for 

individual tanks based on characterization data and simplifying assumptions. The LTVs for 

some tanks are below the leakage detection limits for the baseline LDMM system, indicating 

that sensitive leakage detection may be advisable in some cases. It was suggested that a risk- 

based logic be developed for applying LDMM technologies in specific tanks. The logic 

would be based in part on updated LTVs that reflect risk impacts of adjacent tanks and waste 

sites, and the physical conditions of the tanks and tank farms. 

Issue 2 

The applicability of leakage detection technology depends on its sensitivity to 

detecting and measuring the volume of leakage, regardless of leakage location and size. The 

trade study evaluated minimum and maximum leakage detection limits for sets of conditions 

Es-12 
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ACRONYMS 

bgs 
COC 
CPT 
D&D 
dc 
DOE 
DOE-RL 
DST 
ENRAF 
ERT 
FIC 
FrE 
FY 
GAC 
HI 
HVAC 
ISSTRS 
LDMM 
LTV 
MEPAS 
O&M 
SST 
SVE 
TDR 
TNPW 
Tri-Party 

belowground surface 
contaminant of concern 
cone penetrometer 
decontamination and decommissioning 
direct current 
U.S. Department of Energy 
U.S. Department of Energy, Richland operations Office 
double-shell tank 
Enraf-Nonium 854 Advanced Technology Gauge 
electrical resistivity tomography 
Food Instrument Corporation 
full-time equivalent 
fiscal year 
granular activated carbon 
hazard index 
heating, ventilating, and air conditioning 
Initial Single-Shell Tank Retrieval System 
leakage detection, monitoring, and mitigation 
leakage threshold value 
Multimedia Environmental Pollutant Assessment System 
operating and maintenance 
single-shell tank 
soil vapor extraction 
time domain reflectometry 
total net present worth 

Agreement Hanford Federal Facility Agreement and Consent Order 
TWRS Tank Waste Retrieval System 
VEA vertical electrode array 
WHC Westinghouse Hanford Company 
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that a leakage "event" has occurred, (2) adequate surveillance of existing and new leakage 
plumes, and (3) taking responsible retrieval actions that minimize the potential for leakage to 
occur or continue. These major topical areas and operational goals are represented in the 
terms "leakage detection," "leakage plume monitoring," and "leakage mitigation" (i.e., 
LDMM). 

A goal of minimum achievable leakage can be achieved by employing the LDMM 
options available at the time of waste retriwal. The selection and use of LDMM tools and 
methods should be based on operating requirements, operating constraints, anticipated cost- 
benefit, and potential risk reduction. During initial SST waste sluicing operations, LDMM 
options will be tested in order to gather data to support decisions and actions that will help 
ensure minimum achievable leakage is realized in future sluicing operations. 

1.3.2 Leak and Leakage 

A leak is the point on a tank from which loss of contained liquid waste occurs. 
Leakage is the escape of contained liquid waste. In the strictest sense, leakage occurs when 
even a molecule of liquid waste is released to the ground. 

1.3.3 Leakage Plume 

A leakage plume is represented by the physical extent of an escaping or escaped 
liquid waste into the ground. The size of a leakage plume is not directly related to that of the 
original leak; rather, it is a function of several variables within the soil mass: porosity, 
existing moisture content, particle size, hydraulic head for the leaking waste, etc.. Leakage 
of several gallons can produce a leakage plume with a volume of several cubic yards. 

1.3.4 Minimum Achievable Leakage 

Minimum achievable leakage is an operational and environmentally responsible goal 
and is consistent with major Hanford Site stakeholder values. This goal challenges waste 
retrieval operators to minimize leakage to the greatest extent possible while achieving safe 
operations and cost-effective final site remediation and closure. During SST waste sluicing 
operations, LDMM data will be used in decision-making to ensure minimal achievable 
leakage is achieved. 

1.3.5 Leakage Threshold Values 

The leakage threshold value (LTV) is a preliminary, risk-based quantity of leakage, 
. calculated for each tank, that equates to either a unit of cancer risk or a unit of hazard 

quotient. Using this approach, risk is based on transport modeling of potential contaminants 

1-5 
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Figure 1-2. Leakage Detection and Monitoring Zones. 
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0 Waste retrieval method 
0 

0 Tank closure strategy. 
Operational response (leakage mitigation) strategy 

1.4.1.1 Waste Retrieval Method. The waste retrieval method may impact the selection or 
appropriate responses to tank leakage. Subsurface barriers do not appear to be cost-effective 
or normally necessary for leakage mitigation when retrieving waste using past-practice 
sluicing (Treat et al. 1995). 

A conceptual waste retrieval and leakage mitigation approach proposed in this 
document uses the waste solution saturated in dissolved salt and/or containing suspended fine 
sludge particles as the sluicing liquid. This approach may prevent the dissolution of salt 
crystals that may be plugging leaks and may also help to seal cracks in the tank steel and 
concrete by filling in the flow pathways with sludge particles. If this concept proves to be 
successful, it may be possible to sluice most of the tanks, including some previously leaking 
tanks, without causing significant new leakage. 

1.4.1.2 Operational Response (Leakage Mitigation) Strategy. An effective LDMM 
system must not only be capable of detecting leakage before it would cause unacceptable 
risks, but it must do so in time to initiate and complete actions to stop the leak and prevent 
unacceptable risk levels. However, signaling leakage has no value if there is no available or 
planned operational response (leakage mitigation). 

Considerable time may pass before the occurrence of leakage is confirmed depending 
on the magnitude and location of the leakage plume relative to LDMM sensors. If a high 
rate of leakage is inferred using LDMM, the preferred operational response may be different 
than in the case of a low rate of leakage. For example, the appropriate response for a high 
leakage rate may be to pump out the tank as quickly as possible and rely on subsurface 
barriers, mechanical retrieval, robotic sluicing, or some other alternative to complete 
cleanout of the tank. In the case of a low rate of leakage, or where the LTV is high, the 
appropriate action may be to continue sluicing at the highest rate possible and use LDMM to 
confirm that the leakage does not exceed the LTV. There is also the possibility that the 
leakage volume will remain below the detection level or that very large and rapid leakage 
will occur at a rate that precludes usefulness of all available operational response. There are 
no effective operational responses for these cases. 

1.4.1.3 Tank Closure Strategy. Knowledge of the total masses and curies of the 
constituents of concern in the soil from past and new leakage may be required to obtain a 
permit to close a tank farm or to make decisions on remediating contaminated soil. The 
combined risks associated with the leaked waste and risks from other sources will likely be 
considered in the permit application. The potential for successfully mitigating risk using any 
and all available methods may also be a factor in obtaining a closure permit. 

Current information on the potential effectiveness of LDMM technologies may be 
suitable as input to a sufficiently accurate risk assessment for a closure permit application. 
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The use of LDMM for detecting and preventing the occurrence of an unacceptable level of 
soil contamination may serve to avoid the need to exhume certain tanks and contaminated soil 
in order to meet closure requirements. Preliminary costs associated with exhumation and 
treatment of tanks and contaminated soil are estimated to be very high (Boomer et al. 1993). 
Thus, the successful use of LDMM technologies could prove to be a cost-effective technique 
for minimizing the high costs of closing certain tank farms. 

A hypothetical example of the complex interaction of tank closure with other factors 
involves a previously leaking tank. A leak mitigation response such as using robotic sluicing 
may not be justified due to high cost and worker risk associated with robotic sluicing. A 
better approach may be to use a proven, sensitive LDMM technology with past-practice 
sluicing and accept the risk that excessive leakage could occur, resulting in the need to cease 
sluicing. Cleanout would be finished using a more expensive method that would likely pose 
higher risks to workers. 

Interrelationships beween LDMM technologies and tank closure are not well defined, 
since final decisions on closure have not been made. If contaminated soils were to be 
exhumed, then it could be argued that heroic measures to minimize or eliminate additional 
leakage during sluicing would not be justified. However, the opposite argument (i.e., if 
contaminated soils are to be exhumed or treated in place, then additional leakage may only 
compound the problem and therefore should be avoided) may be equally defendable. The 
strength of either argument may be affected by the degree of existing contamination versus 
the degree of additional contamination that might result from leakage during sluicing. 
Additional closure system engineering development and analysis must be done before these 
complex interrelationships can be understood sufficiently well to support final decisions on 
deployment of LDMM technologies. 

1.4.2 Leakage Factors 

Leakage factors are factors that cannot be controlled. Leakage factors define tank 
leakage in terms of timing, rate, volume, location, and contaminant concentrations as 
discussed below. 

1.4.2.1 Leakage Timing. The timing of leakage during the retrieval sequence can impact 
the selection of an appropriate leakage mitigation response. For example, if leakage occurs 
early in the sluicing process, a close-coupled subsurface barrier may be installed and, allow 
continuation of sluicing. If a leak occurs in the middle of the retrieval process, a different 
retrieval method such as mechanical retrieval may be used; and if a leak occurs near the end 
of the retrieval process, the response may be to complete retrieval without pausing. 

1.4.2.2 Leakage Rate. The required sensitivity of LDMM technologies may be greatly 
impacted by the rate of leakage. No technology currently exists to measure the rate of 
leakage directly. 

1-12 

m- '7 . . , .., , . , 



WHC-SD-WM-ES-379 REV. 0 

1.4.2.3 Leakage Volume. Some leak detection methods under consideration are capable of 
measuring or inferring leakage volume. The masses and curies of constituents of concern 
leaked in these cases can be estimated if the composition of the leaked solution is known. If 
the leak occurs at the base of the tank and leakage is occurring early in the sluicing cycle, 
the concentrations found in samples of the tanks salt well liquor may be the best indicators of 
the concentrations of the leakage (salt well liquor is pumped from the base of the tank). If 
the leakage is occurring high on the wall of the tank or occurs very late in the sluicing cycle 
when the tank bottom is exposed, the concentrations of decanted sluicing solution may be the 
best indicators of leakage concentrations. 

1.4.2.4 Leakage Location. Some LDMM technologies are sensitive to leak location. This 
is true of LDMM systems located external to the tank. Certain external LDMM systems, 
especially those that detect radiation or chemical species may not "see" the leakage plume 
unless they are touching or in close contact with the LDMM sensors. Blind spots may occur 
when probes are widely spaced or when they are not installed beneath the tank because of 
high installation costs andlor unacceptably high worker risk. When sensors are not installed 
under the tank, large leaks from near the middle of the bottom of the tank may not be 
detectable. 

1.4.2.5 Leakage Contaminant Concentrations. Concentrations of constituents of concern 
in individual tanks will also be highly variable due to factors such as differing waste history, 
pH, and temperature. External LDMM methods that rely on measurement or inference of 
masses or curies of a limited set of constituents of concern in the leakage plume may be 
amenable to estimation of the remaining constituents of concern by simple ratioing, if their 
relative concentrations inside the tank are known. 

1.4.3 Other Site Factors 

Other site factors include those uncontrollable factors not directly related to new 
leakage that will impact the deployment, implementation, or operation of LDMM 
technologies. Other site factors include installation constraints, site geology, and previous 
leakage as described in the following sections. 

1.4.3.1 Installation Constraints. The ability to install LDMM technologies is subject to 
constraints such as the presence of aboveground and underground piping around the SSTs, 
weight limitatidns on SST domes, close proximity of other SSTs, and radionuclide- 
contaminated soils. All of these can limit the number and location of sensors that can be 
placed in the soils around an SST. 

1.4.3.2 Site Geology. The effectiveness of LDMM technologies may depend on the 
characteristics of the construction fill and the native soil beneath a given tank farm. These 
characteristics include vadose zone moisture content, soil permeability, and the presence of 
layered interbeds or clastic dikes. These can impact how leakage moves through the 
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subsurface (rakddirection), the shape of the resulting plume, and limit the types of applicable 
LDMM technologies and deployment methods. 

1.4.3.3 Pre-ExiiStmg Leakage Plumes. The existence of leakage plumes from past releases 
can reduce the effectiveness of external LDMM technologies by increasing the background 
signal that the technology senses. Past leakage plumes may also contribute substantially to 
worker risks when boring is required to install LDMM devices. 
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2.0 IDENTIFICATION AND SCREENING OF LDMM TECHNOLOGIES 

A previous study by Lewis et al. (1995) identified and sckned  candidate leakage 
detection and monitoring technologies that could be applied to SST waste retrieval. This 
study recommended that six technologies be considered for leakage detection and monitoring 
applications: (1) mass balance, (2) tracer gas testing, (3) electrical resistivity tomography 
(ERT), (4) neutron activation logging, (5) gamma-ray logging, and (6) time domain 
reflectometry WR). These technologies, plus six preexisting detection capability (leak 
detection pits) are described in Sections 2.1 through 2.6. The two recommended borehole 
geophysical logging technologies, neutron activation and gamma logging, described in Lewis 
et al. (1995) are combined in Section 2.5. 

A previous trade study by Treat et. al. (1995) evaluated tank leakage mitigation 
technologies including retrieval, subsurface barriers, soil flushing, and tank closure systems. 
An additional leakage mitigation technology (not evaluated by Treat et al. [1995]) is limited 
sluicing as described by Stuart et al. (1996). The following technologies were selected for 
leakage mitigation screening: (1) past-practice sluicing, (2) limited sluicing, (3) robotic 
sluicing, (4) mechanical retrieval, and (5 )  subsurface barriers. Discussion of the technologies 
is presented in Sections 2.7 through 2.11. Advantages and disadvantages of each technology 
are provided as a basis for screening. 

2.1 MASS BALANCE USING LEVEL MEASUREMENT 

The mass balance method of leakage detection and monitoring uses measurements of 
the liquid level and density in the tank to detect changes in the total mass of the waste 
contained within the overall retrieval system. A reduction in the mass is assumed to be due 
to leakage. The primary level and density instrument considered for this screening is the 
Enraf-Nonius 854 Advanced Technology Gauge (ENRAF). The ENRAF gauge is a liquid- 
level measurement device that consists of a weight (or displacer) at the end of a stainless 
steel wire. The gauge detects the density or change in the apparent weight of the displacer 
by buoyancy or by contact with a solid (Schofield 1994). The ENRAF gauge is currently 
used to collect surface-level readings on 16 of the 149 SSTs, including Tank 241-C-106 
(Lewis et al. 1995). 

The ENRAF gauge is designed to stay in contact with the tank waste surface or be 
partially submerged; this is a significant advantage over the older Food Instrument 
Corporation (FIC) gauge that utilized conductivity to measure tank waste levels. The FIC 
gauges have been utilized extensively in the past in Hanford Site tanks. The ENRAF gauge 
is mounted aboveground on tank risers. The only portion of the gauge that extends into the 
tank is the steel tape and plummet. The "bobbing" action of the older FIC gauges is thought 
to have been the reason that salt crystals periodically built up on the plummet and caused 
erroneous readings. Because the ENRAF gauge does not "bob," salt buildup will not be as 
significant. 
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An advantage of the TDR system is that, when properly deployed, it can be used for 
confirmation of leaks. A disadvantage is a low distance range of sensitivity. Hundreds of 
TDR probes may be required to ensure sensitive leakage detection. 

2.7 PAST-PRACTICE SLUICING 

Past-practice sluicing was conducted in two waste retrieval campaigns: (1) from 1952 
to 1957, as part of a system to recover uranium from the waste tanks, and (2) from 1962 to 
1978, as part of a system to recover strontium. The retrieval techniques utilized sluicing and 
slurry pumping. In general the technique was successful, but was plagued with equipment 
failures. Optimized past-practice sluicing would consist of improved and updated retrieval 
and sluicing techniques which incorporate current administrative, radiological, and regulatory 
controls. Technical improvements include advanced nozzle designs, improved pumping 
systems, recirculation of the supernatant, and improved heating, ventilating, and air 
conditioning W A C )  systems. 

Removing the waste from the tanks by past-practice sluicing or other retrieval method 
would mitigate the risk to the groundwater. An advantage of optimized past-practice sluicing 
is better utilization of the existing TWRS system and work force. The disadvantage is 
limited control of new leakage. 

2.8 LIMITED SLUICING 

Limited sluicing is a waste mitigation technique proposed in Operational Tank Leak 
Detection and Minimization During Retrieval (Stuart et al. 1996). A layer of sludge/saltcake 
would be maintained on the vertical walls of the tanks to avoid further damage to the tank 
shell and to help retain whatever natural seal  exists. Optimized past-practice sluicing and a 
telescoping pump would be used. A high degree of control would be exercised over the flow 
and direction of the nozzle spray when sluicing near the tank walls. Improved video 
monitoring would be employed to track and verify progress. 

The advantage of limited sluicing is that existing materials (waste sludgdsaltcake) are 
left on the portions of the tank most vulnerable to leaks during most of the waste retrieval 
operation. The disadvantage is a need for more complex equipment and methods relative to 
past-practice sluicing. 

2.9 ROBOTIC SLUICING 

Robotic sluicing would employ a type. of robotic armed-based retrieval system that 
was first investigated at the Hanford Site in the mid-1970s. The technology is under 
development, but has not been tested in an actual Hanford Site SST (Treat et al. 1995). 
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3.0 SCREENING OF CURRENTLY AVAILABLE LDMM TECHNOLOGIES 

There are a number of requirements for an effective LDMM system. These are 
provided in detail in Section 5 .  However, there are two primary requirements, availability 
and deployability, which initially establish the feasibility of the technologies. Technologies 
that meet these criteria are identified as currently available technologies. The following 
defines these primary requirements for an LDMM system: 

a Availability. A technology, device, or method for LDMM must be proven 
and currently ready for use to be considered available. A currently available 
technology is one that requires little, if any, additional development, 
demonstration, evaluation, or implementation effort to obtain meaningful, 
reliable information as soon as the device or method is installed. Availability 
usually means off-the-shelf and ready for deployment. 

Deulovability. A LDMM technology, device, or method should be placed into 
service with assurance that desired LDMM operational characteristics remain 
intact. If not, the approach is considered to be not deployable. A device that 
fulfills all other requirements must still be deployable to be of value. The 
device must be designed to withstand the conditions needed for its deployment. 
Materials of construction, quality of the installed instrumentation signal, and 
difficulty of maintainability after emplacement should also be considered when 
developing or selecting a deployment technology. 

a 

3.1 RESULT OF SCREENING 

The technologies described in Section 2 were screened against the availability and 
deployability criteria to establish those that qualify as currently available technologies. Table 
3-1 summarizes the results of the screening. Mass balance technology uses instruments that 
are commercially available and are currently deployed in some of the SSTs. Defection pits 
were built into the structure during construction of four SSTs (AX Tank Farm). The 
detection pifs are considered available and deployable for these four SSTs but no others. 
Borehole logging is a technology that is currently used for vadose zone monitoring around 
the SSTs, thus it is available and deployable. Pasf-practice sluicing was previously used at 
the Hanford Site for retrieval of waste from SSTs. All other technologies are either in 
various stages of development or have not been demonstrated as deployable in or around the 
SSTs. 
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Table 3-1. Currently Available LDMM Technologies. 

Available Deployable - - ~  Techno 1 o gy 

Leakage Detection and Monitoring 
Mass Balance 
Defection Pits 
Tracer Gas 
ERT 

I 

Yes 
Yes 
No 
No 
YeS 
Yes 

Yes 
Maybe 

No 
No 

Maybe 

Borehole Logging 
TDR 

Yes 
Yes (four deployed) 

Maybe 
Maybe 

Yes 
Maybe 

Yes 
Maybe 
Maybe 
Maybe 
Maybe 

Leakage Mitigation 
Past-Practice Sluicing 
Limited Sluicing 
Robotic Sluicing 
Mechanical Retrieval 
Subsurface Barriers 

Note: Technologies shown in italics are available and deployable. 

3.2 DESCRIPTION OF BASELINE LDMM SYSTEM 

All of the technologies that passed the screening, when used in conjunction, form the 
selected baseline LDMM system. The leakage detection component of the baseline system 
consists of internal liquidlwaste level measurement devices (i.e., mass balance) and detection 
pits (where available). The leakage monitoring component consists of borehole logging. 
Operational, procedural, and administrative methods, and equipment design and availability, 
would be used to mitigate leakage during past-practice sluicing. 
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Figure 4-1. Tracer Gas Center Extraction. 
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Figure 4-2. Tracer Gas Perimeter Extraction - Configuration 1. 
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Figure 4-4. 4,l ERT Typical Configuration. 
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Figure 4-6. Borehole Logging. 
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4.2.2 Limited Sluicing 

Although limited sluicing is not considered currently available, it has potential 
application in those tanks of suspect integrity and with higher percentages of residual 
saltcake. The advantage of limited sluicing is that, to the extent possible, existing sludge and 
saltcake are left on the portions of the tank most vulnerable to leaks during most of the waste 
retrieval operation. 

The following description of the limited sluicing retrieval sequence is taken from 
Stuart et. al. (1996). 

First, a compatible liquid is added to the tank to establish a consistent waste level 
from which to calculate the tank waste volume. This creates a situation in which a 
very accurate waste volume baseline is established and very small changes in volume 
can be detected. 

Next, waste is removed near the center of the tank where the retrieval pump is 
located and a sump to provide suction head for the pump can be established without 
the sluicing liquid coming in contact with the tank walls. Waste removal continues by 
limited sluicing (i.e., close control of the sluicing nozzle location) and maintenance of 
a restricted zone within 1 to 2 ft of the tank wall, bottom, and knuckle region. The 
actual thickness of this zone will be a function of the stability of the waste. A 
minimal liquid level should be maintained (i.e., only enough to meet NPSH required) 
to further minimize the potential for a leak and the amount that could leak. 

Once all waste outside of the restricted zone is removed, the next phase is to remove 
all waste along the wall above the knuckle region. It will be possible at this point to 
maintain the liquid level well below the working point so that only a minimal amount 
of leakage could occur if a liner breech is located. Again, limited sluicing is used 
and a minimal liquid level is maintained. 

Once all waste from the wall above the knuckle region is removed, the next phase is 
to remove all waste along the bottom of the tank. This is a region where the 
probability of a leak is somewhat lower. Waste should be removed from the center of 
the tank outward while utilizing limited sluicing and maintaining a minimal liquid 
level. 

Once all waste from the tank bottom has been removed, the last phase is to remove 
all remaining waste from the knuckle region. As always, limited sluicing while 
maintaining a minimal liquid level should be used. 
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4.2.3 Robotic Sluicing 

The robotic sluicing technology is not currently available for deployment. The 
technology is under development, but has not been tested in an actual Hanford Site SST. 

As shown in Figure 4-8 the system is a robotic-armed sluicing and retrieval machine. 
An attachment to the end of the robotic arm, called an end effector, would use high-pressure 
water jets for dislodging the waste. After the waste (sludge) is dislodged, the slumed 
mixture would be immediately vacuumed through a hose to an air separation system. 
Following separation the waste would proceed to a processing system. 

The robotic arm would be suspended from a bridge-mounted confinement structure. 
The bridge-mounted confinement structure would be fabricated from I-beams bolted together, 
and stand 31.1 m (102 ft) long, 10.4 m (34 ft) wide, and 5.2 m (17 ft) high. The arm would 
position the high-pressure jets that dislodge the waste with a reach of 18.3 m (60 ft) deep 
and 5.2 m (17 ft) laterally. The jets would be contained within a shroud connected to an air 
conveyance hose. The air- and water-entrained solids vacuumed through the air conveyance 
hose would be sent to an air conveyance module. 

The air conveyance module would be housed within a composite concrete and steel 
building located on a bridge-mounted confinement structure. It would be connected to the 
SST via the air conveyance hose. Air, waste fluid, solid waste, and debris (of acceptable 
size) would flow through the hose to the air conveyance module. The air stream would pass 
through a cyclone where the heavier waste particles would be separated and routed to an 
accumulation tank. The remaining air stream would be stripped of remaining moisture, 
heated, and then largely recycled through the air conveyance system. The robotic sluicing 
system would include other systems to support the primary retrieval components, including 
maintenance and decontamination capability, air filtration, and circulation. 

The high-pressure sluicing system should be effective in cutting through hardened 
sludge heels, but may also cut through corroded tank walls, which may cause new leaks 
(Treat et al. 1995). 

4.2.4 Mechanical Retrieval 

The mechanical retrieval technology is currently not available. Mechanical retrieval 
would use a scoop-like end effector affixed to the end of the robotic arm for waste retrieval 
(Figure 4-9). The end effector would be capable of mechanically excavating the solid waste 
in the tank. A jack-hammer end effector may be necessary for breaking up the rock-like 
layer of sludge known to exist in some tanks. The excavated waste would be placed by the 
robotic arm into an in-tank mechanical waste conveyance system and removed from the SST 
for further processing. 
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Figure 4-8. Robotic Sluicing. 
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The robotic arm would be suspended from a bridge-mounted confinement structure 
above the SST. It would be similar to the robotic arm used in robotic sluicing. The 
structure would include a deployment mast for mounting and aligning the robotic arm in the 
SST. The robotic arm would be deployable to a depth of 18.3 m (60 ft), its horizontal reach 
would be 5.2 m (17 ft), and it would have the capability of lifting 3 tons. It would be 
equipped with six split buckets, with two shovels each to collect the waste. The arm would 
deliver the waste to an in-tank transfer system that would consist of a bucket on a separate 
trolley that could be maneuvered independently of the robotic arm. 

4.2.5 Subsurface Barriers 

A range of subsurface barrier technologies are potentially available to mitigate leakage 
from SSTs. Those deemed to be sufficiently well-developed and potentially feasible for the 
intended application are presented in the following sections. 

4.2.5.1 CloseCoupled Chemical Barrier. Chemicals used to create the close-coupled 
barrier would be injected through vertical and horizontal pipes jacked or drilled into the soil 
(Figure 4-10). The chemicals would cause the injected fluid to solidify, thus forming a 
barrier. Mudless drilling methods would be required to prevent plugging of soil pores, a 
condition that would interfere with subsequent chemical injections. It is assumed that the 
horizontal pipes would be installed from inside vertical 4.6-m (154) diameter caissons, 
which would be installed in the open areas between tanks. The horizontal pipes could also 
be installed using coffered trenches. The caissons, if used, would be constructed from 
sections of culvert pipe that would be lowered in 3.1-m (10-ft) sections into a progressively 
deeper hole formed by a bucket excavator. Similar caissons have been installed in the A and 
SX Tank Farms (Raymond 1966). The annular space between the culvert pipe and soil 
would require grouting to provide structural stability for horizontal pipe jacking. The 
horizontal pipes could be used to convey flushing solution to the soil. 

The horizontal injection pipes would be installed in two separate planes beneath the 
tanks (Figure 4-11). The horizontal pipes would be perforated to allow the barrier-forming 
chemical to be injected into the soil. Chemicals would be injected through the lower array of 
pipes first. The injected chemicals would be designed to penetrate a radial distance of about 
0.75 to 1.5 m (2.5 to 5.0 ft) and begin to gel in about two hours. The resulting barrier 
columns would be designed to overlap, thereby forming a barrier plane. Injection through 
the upper array of pipes would occur several days later, when the lower barrier plane had 
fully gelled. Chemicals would be injected through the upper array of pipes under slightly 
higher pressures than through the lower array to promote full penetration of soil in contact 
with the tank's structural concrete. 

A similar approach would be used at the tank walls. Injection pipes would be jacked 
or drilled vertically from the surface to the base of the tank footings. Chemicals would be 
injected through the end of the pipe at this level to tie into the barrier emplaced beneath the 
tank. Injections would then progressively be made by working upward from the base of the 
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Figure 411. Chemical Iqjection Piping for Close-Coupled Barrier. 
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tank wall until a sealed, close-coupled barrier about 3 m (10 ft) thick is created around the 
tank. This technology is not currently available for deployment. 

4.2.5.2 Box-Shaped Chemical Barrier. The function of the box-shaped chemical barrier 
would be to create a low-permeability basin beneath the level of existing soil contamination 
(Figure 4-12). The base of this standoff barrier would slope slightly to promote runoff to a 
low point for collection. Without the slope, liquid waste would collect in subsurface 
depressions on the surface of the barrier. The resulting ponds of waste could not readily be 
detected. The potentially high number of ponds would complicate removal of collected 
liquid waste. 

The box-shaped chemical barrier would be created using both vertical and directional 
drilliig techniques. The use of directional drilling avoids the need to excavate soil to a depth 
of 30.5 m (100 ft) or more in order to provide access for horizontal drilling beneath existing 
leak plumes. Directional drilling must be perfected for Hanford Site conditions if parallel 
horizontal boreholes are to be constructed beneath the Hanford Site tank farms (KEH 1993). 
This type of drilling would begin outside the boundary of the tank farm, with the initial drill 
angle at 45” to 70” from vertical. As drilling progresses, the borehole would be gradually 
curved until the desired slope of the barrier floor is achieved. Mudless drilling methods 
must be used to prevent plugging of the soil pores with f i e  particulates. Soil pores that are 
plugged would prevent flow of barrier-forming chemicals into the soil. 

Each borehole would be cased with an open-ended pipe. The barrier-forming 
chemicals would be injected through the end of the pipe as it is withdrawn from the hole. 
Alternatively, the chemicals could be delivered through sleeve-port piping. A cylindrical 
barrier section, centered around each borehole, would be created by each of these methods, 
assuming the barrier-forming chemicals flowed evenly into the ground. The presence of 
lenses, clastic dikes, and other soil heterogeneities would cause uneven flow. The boreholes 
would be sufficiently close to ensure that the cylinders would overlap and form a continuous 
barrier floor. The boreholes were assumed to be spaced 3.1 m (10 ft) apart, a distance that 
would result in an average barrier thickness of 3.4 m (11 ft) and a minimum thickness of 
1.8 m (6 ft) under a set of hypothetical Hanford Site soil conditions (KEH 1993). Actual 
Hanford Site soils are heterogeneous and closer spacing of boreholes may be required if 
zones of soils with low permeabilities are present as expected in some tank farms. Low 
permeability would limit the penetration distance of chemicals in the soil. 

After the horizontal member of the barrier is formed, vertical boreholes would be 
drilled and cased to intersect the horizontal member. The vertical casings would be 
withdrawn as injection of the chemical proceeds. The resultant vertical members of the 
barriers are assumed to adequately seal to the horizontal member, thus creating a catchment 
basin for tank leaks andlor for flush water if soil flushing is used. This technology is not 
currently deployable. 

4.2.5.3 V-Shaped Chemical Barrier. The V-shaped chemical barrier would be installed in 
a standoff configuration as shown in Figure 4-13. The relatively steep slope of the barrier 
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Figure 4-14. Circulating Air Barrier. 
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Figure 415. Geometric Relationship of Leakage - Plume Shape. 
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5.0 DECISION CRITERIA 

The decision criteria used to evaluate LDMM technologies to support SST waste 
retrieval include the functional requirements identified in Cruse et al. (1995) and Foster 
Wheeler (1996) and performance measures described in this section. 

5.1 FUNCTIONAL REQ- 

Leakage detection, monitoring, and mitigation generally applies to three zones of 
influence in the environment surrounding a given SST tank farm: (1) near-field, 
(2) unsaturated, and (3) groundwater. Figure 5-1 shows the three zones of influence. Due 
to the short time required for sluicing relative to leakage migration rates, only the near-field 
zone requirements for LDMM are addressed. 

The near-field zone is a cylindrical volume with a vertical centerline corresponding to 
the tank vertical centerline. This zone includes the internal tank volume, the liner, the 
concrete shell, and extends from the exterior surfaces of the tank and/or ancillary equipment 
structures radially outward to include the existing drywells. The top of the cylinder is at 
grade level and the bottom extends downward to include any backfilled soil, lateral drywells, 
or leak detection pits. The tank bottoms are about 15 m (50 ft) to 21 m (70 ft) belowgrade. 
Allowing another 8 m (25 ft) to encompass any laterals or leak detection pits gives a value of 
23 m (75 ft) to 29 rn (95 ft) belowgrade for the bottom of the near-field zone. The diameter 
of the cylinder formed by the tank plus the volume needed to encompass the nearest drywells 
is typically 30 rn (90 ft). 

Functions and requirements for SST leakage detection and monitoring are identified in 
Functions and Requirements for Hanford Single-Shell Tank Leakage Detection and Monitoring 
(Cruse et al. 1995 and Foster Wheeler 1996). A function defines what a system or 
subsystem must accomplish to meet the overall mission; a requirement is a 
qualitative or quantitative statement of how well a function must be performed. The 
following sections discuss the functional requirements applicable to this study. 

5.1.1 Detection Level 

Existing, demonstrated detection technologies with known minimum detection limits 
shall be used. Only technologies that are available and deployable within the SST farm 
environment can be implemented. The technologies must be demonstrated to provide reliable 
data with a known minimum detection limit and provide leakage detection, volume, and rate 
information regardless of leak location. The technology must provide data within a time 
frame that allows for operational response to a detected leak. 
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5.1.2 Monitoring 

Existing, demonstrated monitoring technologies that can locate and monitor leakage 
plumes shall be used. Only technologies that are available and deployable within the SST 
farm environment can be implemented. The technologies must be demonstrated to provide 
reliable data about leakage plume location and movement external to the SST for time 
periods during and after SST waste retrieval. 

5.1.3 Mitigation 

Existing, demonstrated mitigation technologies that can minimize further SST waste 
leakage shall be used. Only technologies that are available and deployable within the SST 
farm environment can be implemented. The technologies must be demonstrated to provide 
reliable minimization of the leakage amount andlor environmental impact of waste leakage. 

5.1.4 Public Health and Worker Safety 

Public health and worker safety shall be ensured during all phases of the LDMM 
system life-cycle. Safety will be a key consideration in evaluating proposed enhancements or 
alternatives to the baseline SST leakage detection and monitoring systems. 

5.1.5 Environmental Impact 

Proposed alternatives to the baseline SST LDMM system should enhance ability to 
limit leakage and risk to the environment as necessary to ensure that related conditions of the 
tank farm closure permit are met. 

5.1.6 Impact On Other TWRS Functions 

Enhancements or alternatives proposed for SST LDMM should be supportive of and 
not impair SST waste tank safety, storage, retrieval, and closure readiness activities. 

5.2 PERFORMANCE MEASURES 

A successful LDMM system must be available and deployable. Unless both these 
requirements are met, the LDMM system is not feasible. 

The ideal LDMM system would feature absolute reliability and repeatability; would 
be able to detect a single molecule of leakage; would provide an instantaneous signal when 
leakage begins; and would be able to precisely provide the rate of leakage, the location of the 
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leak site, the physical parameters of the leakage plumes and identify the COCs in the 
leakage. The attributes of this ideal system were translated to a set of realistic requirements 
and performance criteria. The following list defines these requirements and criteria. 

Available - A technology must be available in orda to be used for near-term 
LDMM. 

Deployable - In order for a technology to be useful, it must be possible to 
install the technology with assurance that all operational requirement will be 
met. 

Reliable - A technology must be reliable, both in the sense of minimal 
maintenance and in the trustworthiness of its results. 

Detection Regardless of Leak Loestion - The ability to detect leakage should 
not be dependent upon the location of the leak. Therefore leakage detection 
methods must be internal (Le, within the tank) or interrogate the appropriate 
soil mass directly beneath and around an SST. 

Timely Detection - Leakage detection information is required at several points 
within the overall time frame of sluicing operations to support daily 
operational decisions on whether to continue or cease sluicing. 

Plume Location/Direction - Leakage monitoring must include plume location 
and migration direction. Information on the direction of a leakage plume 
contributes to the process of risk-based decision-making regarding how best to 
close the tank farm. 

Leakage Rate - The rate of leakage helps define the appropriate operational 
response to a leak. 

Leakage Volume - The actual volume leaked is critical for selecting 
appropriate operational responses and future actions, if any, required to close 
the tank farm. 

Leakage Constituents - The composition of COCs in leakage is critical for 
estimating the risk associated with the leakage and selecting the appropriate 
operational response. 

Lowest Detectable Leakage - The leakage detection technology must be 
capable of detecting and qualifying leakage from any location around the tank 
at sensitivities necessary to ensure protection of the environment. 

M i n i  Further Leakage - Leakage mitigation technology should be able 
to minimize the amount and environmental impact of leakage. 
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0 Effluent Treatment. Treatment of any effluents generated by LDMM 
systems is undesirable and should be minimized. 

0 Secondary Waste Generation. The generation of secondary waste should be 
minimized. 

The criteria defined above can be categorized as requirements or ranking variables. 
Requirements are those criteria that must be met and preferably exceeded for the technology 
to have value for leakage detection or leakage monitoring. Ranking variables reflect criteria 
without mandatory requirements. Table 5-1 shows which criteria are considered 
requirements and ranking variables for LDMM. 

Table 5-1. Leakage Detection, Monitoring, and Mitigation Criteria. 

CRlTERlA 

Available 

Reliable 

Detection Regardless 
of Leak Location 

Plume 
LocationlDirection 

Leakage Volume 

Leakage Constituents 

Lowest Detectable 

Minimize Further 

Secondary Waste 
Generation 

Leakage Detection Leakage Monitoring Leakage Mitigation 
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6.0 ANALYSIS OF ALTERNATIVES FOR LEAKAGE DETECTION 

Leakage detection technologies described in Section 4.1 were evaluated based on the 
leakage detection performance measures described in Section 5.2. The approach to 
evaluating the performance measures, the results of the analysis, and the cost-benefit of each 
technology are provided in Sections 6.1, 6.2, and 6.3, respectively. 

6.1 LEAKAGE DETECTION COSTIRISK EVALUATION APPROACH 

The approach taken to assess the leakage detection technologies against the seven 
performance measures (cost, schedule, operability, health and safety, environmental 
acceptability, technical maturity, and complexity of interfaces) are described in the following 
sections. 

6.1.1 Costing Methodology 

The costing methodology enables a rough cost estimate for each leakage detection 
technology. The technologies include: no action, mass balance, tracer gas, ERT in the 4,l 
and 8,3 configurations, borehole logging, and TDR. 

The estimated costs were developed using available published information and best 
engineering judgement. Cost data were derived primarily from Lewis et al. (1995) and 
personal communications with qualified knowledgeable persons. The costs were developed 
on a programmatic basis, with tank farm and tank costs summed into total programmatic 
costs for leakage detection. The programmatic costs are expressed as total net present worth 
VNPW) values. Actual tank or tank farm information was used when appropriate; a 
hypothetical tank farm consisting of 12 tanks was used when estimating public health risk. 
Costs were evaluated in five major stages of the technology life cycle: development, 
preparation, installation, operation, and decommissioning. 

6.1.1.1 Development. Developmental costs were determined by first identifying the leakage 
detection technology developments required before the technology can be considered 
available; necessary deployment technology developments were identified and costed as well. 
Mass balance, borehole logging, and TDR technologies were considered to require no further 
development, and thus have no associated developmental costs. Tracer gas and ERT 
technologies require further development as described in Section 4.1. 

6.1.1.2 Preparation. Preparation costs are costs that must be expended following full 
development of a technology and prior to its actual installation. The only preparation costs 
identified were related to planning and permitting. Permit requirements of a technology were 
identified and the associated costs were estimated. 
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6.1.1.3 Installation. Installation costs include all  costs involved with deploying a leakage 
detection system within the tank fann. Deployment activities may include any of the 
following: mobilization, borehole or CPT well installation, equipment purchase or lease, 
materials and supplies, and labor. 

6.1.1.4 Operation. Operation costs include the costs of Operating and maintaining leakage 
detection equipment during retrieval actions. Operation costs may be expressed as a single 
value on a per-tank basis, on a per-time basis, or as a combination of the two. The per-time 
basis better reflects the increased total costs associated with leakage detection on a tank that 
requires a lengthy retrieval period. 

6.1.1.5 Decommissioning. Decommissioning costs include the costs of removing and 
disposing of all associated equipment, materials and supplies, and waste related to the 
deployed technology following completion of retrieval activities. 

6.1.2 Schedule Risk Methodology 

The schedule risk methodology includes evaluation of a technology's ability to provide 
leakage detection data in a time frame that allows timely decisionmaking for how best to 
mitigate leakage. There is always a point in time during retrieval after which discovery of a 
leak cannot be acted upon to reduce or stop the leakage. This point is defined by one of two 
factors: 

Leakage detection data are not useful if they become available after retrieval 
activities have been completed. This may occur if a technology requires a 
lengthy data acquisition and processing time prior to determination that a tank 
is leaking. 

Leakage detection is not useful if leakage becomes unacceptably large before 
an operational response can be made to mitigate it. This may occur if the data 
acquisition and processing time is excessive, or if the minimum detectable 
leakage volume associated with a technology is too large. 

It is recognized that an acceptable time frame for leakage detection is dependant on 
the physical characteristics of the tank and site, the waste it contains and its associated risks, 
and the leakage detection technology. 

6.1.3 Operability and Effectiveness Methodology 

The operability and effectiveness methodology included evaluation of the technologies 
were evaluated according to several criteria. The primary criterion for effectiveness of a 
technology for detecting leakage is ability to detect leakage volume. Other criteria of interest 
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are ability to estimate the actual leakage amount and rate of leakage. Each of these criteria 
are discussed in the following sections. 

6.1.3.1 Detected Leakage Volume. A critical parameter for evaluating leakage detection 
technologies is the volume of liquid waste that must exit a tank before a given leakage 
detection technology will respond to it. This parameter is termed the detected leakage 
volume. The minimum detected leakage volume is the volume of leaked waste that must 
occur before detection is possible. This volume corresponds to a best-case. scenario, with all 
variable factors set to values that are most favorable to detection. The maximum detected 
leakage volume is the largest volume of leaked waste that can exist at detection. This 
volume corresponds to a worst-case scenario, with all variable factors set to values that are 
most unfavorable to detection. 

The detected leakage volume is a function of several constant and variable factors. 
There are three variable factors included in the detected leakage volume calculations. 

0 The soil porosity, S,, was assumed to be 32%. This value is based on sample 
data for selected wells in the T Tank Farm that provided a porosity range from 
22 to 38% with an average of 32% (Routson et al. 1979). For this trade 
study, it was assumed that these data are typical of the 200 Areas. 

The natural soil moisture, Q, was given a value of 6%, which is also based 
the data provided in Routson et al. (1979). This value indicates that the soils 
have a natural moisture content equal to 6% of the total volume of the soil. 

The soil void space available to leakage is the difference between the two 
factors, or 26%. Thus, each cubic foot of a leakage plume contains 0.26 ft3 of 
leakage volume under saturated soil conditions. 

There are three variable factors included in the detected leakage volume calculations: 

b 

b 

0 

Shape. of the soil plume saturated by leakage 
Type of leak source assumed 
Location of the leak source. 

The shapes of actual leakage plumes in the soils at the 200 Areas are complex and 
depend on soil parameters such as geologic layering, porosity, vertical and horizontal 
hydraulic conductivities, as well as characteristics of the leakage liquids. It was assumed that 
the shape of a saturated soil plume can be approximated by either a sphere or an oblate 
ellipsoid with a major axis twice as long as the minor axis. 

A hypothetical leakage from a tank was assumed to have one of two source types. 
The first is a point source, where all leakage enters the soil from a single discrete point. 
The second is a distributed source, in which leakage is assumed to enter the soil equally 
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along an arc equal to oneeighth the circumference of the tank. While other source types are 
possible, this study selected the two described as a representation of source variation. 

For this study the most likely leak scenario is considered to involve the following 
assumptions. 

e Leakage would occur through stress corrosion cracks or other flaws in the tank 
liner, pool between the tank liner and the concrete containment wall and base, 
then seep out through the construction joint between the containment wall and 
base (Lowe et al. 1993). 

e 

e 

e 

e 

e 

The point source was therefore assumed to be located somewhere along the 
perimeter of the tank base, while the distributed source would occupy a 45" 
arc of the perimeter of the tank base. 

The actual location may be anywhere along the perimeter of the tank base. 

For the minimum detected leakage volume calculations, the source location 
was assumed to be at a point nearest to detection instrument. 

For the maximum detected leakage volume calculations, the source location 
was assumed to be the greatest possible distance from any detection 
instrument. 

Other leak source locations are possible, such as a leak that develops at the 
center of the base of the tank. These were considered to be less likely and 
were not included in the evaluation. 

Each technology evaluated has up to eight possible detected leakage volumes, as 
diagrammed in Figure 6-1. These are the result of different values given to the variable 
factors. Not all technologies will have eight distinct detected leakage volumes associated 
with them. Where two or more of the leak scenarios are equivalent, a single detected 
leakage volume was calculated. Mass balance, which is an internal tank leak detection 
technology, is independent of external factors and has only two detected leakage volumes, a 
minimum and a maximum. Discussion is presented with the results in Section 6.2.3. 
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The calculations used to determine the detected leakage volumes for each technology 
are as follows: 

Detected Leakage Volume of a Point Source: 

Detected Leakage Volume of a Distributed Source: 

V, = (7.49 gal/fp) * (S, - &) * (1/8 (2 2 r. r, R) + 4/3 T r, r:) 

Where: 
S, = Soil porosity (0.32) 
9. = Natural moisture content of soil (0.06) 
r, = Vertical radius of leakage plume 
r, = Horizontal radius of leakage plume 
R = Radius of SST (37.5 ft) 

The variable factor of the leakage source type (pint or distributed) is accounted for 
by the choice of equation used in the calculation. The variable factors of the shape of the 
plume, the location of the leak, and whether a minimum or a maximum detected leakage 
volume is selected for evaluation are all accounted for in the choice of values for the vertical 
radius of the leakage plume, r., and the horizontal radius of the leakage plume, r,. For a 
sphere-shaped plume, the radii were selected to be equal to each other, and for an ellipsoid, 
the horizontal radius was selected to have a value of twice that of the vertical radius, or r, = 
2r,. The location of the leak and the minimum or maximum result desired determine the 
geometry of the scenario, and thus determine the numerical values of the vertical and 
horizontal radii. These calculations are provided in Appendix B and a complete discussion of 
this determination with figures is provided in Section 6.2.3. 

6.1.3.2 Quantitative Analysis. Each technology was evaluated for its ability to provide a 
direct or inferred quantitative analysis of the true leakage volume and the leakage rate. The 
true leakage volume reflects the quantity of waste leaked, while the detected leakage volumes 
describe a range that bounds the leakage quantity. The difference between detected leakage 
volume and true leakage volume varies between technologies, and may be sensitive to the 
volume leaked. 

Closely related to determination of leakage volume is determination of leakage rate. 
The leakage rate is the rate at which waste exits the containment shell and enters the soil, 
typically expressed in gallons per minute. Each technology was evaluated on its ability to 
directly or indirectly quantify the rate of leakage. 

If the technology is able to support a determination of either the leakage volume or 
the leakage rate, the other can be estimated. Leakage volume is the product of the leakage 
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b Application of the selected LDMM system results in lower volumes of leakage to the 
environment. 

e 

b 

The leakage is limited to the volume first detected (detection limit) 

There is no additional leakage associated with the mitigation process. 

b Two of the tanks, per tank farm, retrieved with past-practice sluicing, will develop 
leaks. The leaks, if left unmitigated, would reach a maximum volume of 40,000 gal. 

Based on review of historical tank integrity data, Treat et al. (1995) estimated that 
two previously "sound" tanks, per tank farm, would leak during past-practice sluicing. 
Thus, on a per tank farm basis, the volume assumed to leak to the environment is equal to 2 
(tanks) times the technology's detection limit. The volumes leaked and resulting public risk 
are expressed on a per tank farm basis because of assumptions inherent in Treat et al. 1995. 
The primary assumption is that the ME1 receives exposure from groundwater contaminants 
associated with a single tank farm. 

6.1.5 Environmental Acceptabiity Methodology 

The environmental acceptability methodology includes an assessment of the secondary 
impacts of a technology on the surrounding environment. Secondary impacts include 
processes or by-products that require further attention to be environmentally acceptable. 
Secondary waste generation and disposal, and effluent treatment and associated environmental 
releases are considered secondary impacts. 

For each secondary environmental impact identified, the cost and feasibility of 
treating or eliminating the impact was determined, and the effectiveness of the treatment 
evaluated. It was assumed that an untreatable secondary environmental impact would add to 
overall environmental costs and risks; therefore, technologies that include such impacts 
should be screened from further consideration. 

6.1.6 Technical Maturity Methodology 

The technical maturity methodology includes a qualitative evaluation of the readiness 
of a technology for use. Each technology was evaluated with respect to three criteria: 
(1) available for use, (2) deployable around the Hanford Site SSTs, and (3) demonstrated at 
the Hanford Site. Certain technologies, such as borehole logging, have been used 
successfully at the Hanford Site for plume monitoring, but are essentially untested for 
leakage detection. 

b Available for use means that the technology can be implemented immediately, 
assuming that the site is receptive and deployability is not an issue. This 
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criterion implies that every component of the technology is fully developed, 
and can be procured and integrated into a complete technology system without 
further development. The evaluation of availability considered only the 
technology itself and not site-specific implementation issues. This criterion 
was evaluated as "Yes" or "Potentially" in this trade study. A "Yes" 
evaluation indicated that the technology is fully developed and commercially 
available without qualification. A "Potentially" evaluation implied that the 
technology is available, but may require modification for use. There were no 
negative results for this criterion because the screening process performed by 
Lewis et al. (1995) eliminated those technologies that were not available. 

Deployable around the Hanford Site SSTs considers site-specific 
implementation issues. The primary focuses of the deployability evaluation 
were the physical interfaces described in Section 6.1.7. This criterion was 
evaluated as "Yes" or "Potentially" in this trade study. A "Yes" evaluation 
indicated that the technology is deployable without qualification, Le., the 
technology has been successfully implemented in the past. A "Potentially" 
evaluation implied that deployment of the technology has not been 
demonstrated, but appears technically feasible. There were no negative results 
for this criterion because the screening process performed by Lewis et al. 
(1995) eliminated those technologies that were not deployable. 

Demonstrated at the Hanford Site means the technology has been shown to 
function successfully in a pilot-scale test or in full-scale operation at the 
Hanford Site. This criterion was not restricted to a demonstration using the 
SSTs, and thus "demonstrated" does not necessarily imply deployability. This 
criterion was evaluated as either "Yes" or "No." 

6.1.7 Complexities of Interfaces Methodology 

This methodology addresses interfacing equipment and services required to install and 
operate the technology. The interfaces and their associated complexities provide a basis for 
estimating the difficulty of preparing the technology for installation and operation. 

The necessary interfaces are listed in Section 6.2.7 for each technology and any 
special requirements are identified. A given leakage detection technology may include any 
combination of the following interfaces: 

Inputs (utilities such as electrical, gas, steam, water) 
Outputs (waste treatment and disposal) 
Physical (borehole location and depth) 
Support (crafts, procurement, vendors). 
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6.2 LEAKAGE DETECTION COSTlRLsK EVALUATION RESULTS 

This section presents the results of evaluating each of the leakage detection 
technologies against the seven performance measures described in Section 6.1. 

6.2.1 Cost Results 

The life-cycle cost of each technology was estimated as the sum of five category 
costs: development, preparation, installation, operation, and decommissioning. Estimated 
costs are order-of-magnitude due to the high uncertainty of deployment configurations that 
will satisfy all functions and requirements. The following assumptions were used in 
developing these cost estimates (costs current as of March 1996): 

0 Eighty-two tanks would be retrieved. This is the number of assumed "sound" 
or non-leaking tanks. Of the 149 tanks, 67 were assumed to be leaking. 

The total time to retrieve 82 tanks would be 13 years. This is based on the 
schedule developed in Cost-Benefit and Risk Assessment of A l t e m e  High- 
Level Wmte Treatment Srrutegies (Foster Wheeler 1995). It was assumed that 
the first 82 SSTs on the schedule are the "sound" tanks and are retrieved in 13 
years. 

a 

a 

a 

a 

The total time period for the leakage detection and monitoring program would 
be the same as the retrieval program, or 13 years. It was assumed that 
leakage plume detection and monitoring supports the retrieval program only. 
Longer-term costs associated with continued monitoring in support of closure 
were not considered. 

The average time to retrieve a SST would be 3 months (12 weeks) (Boomer et 
al. 1993). 

The average number of existing boreholes per tank is five (Hanlon 1995). 

Hanford Site oversight effort is expressed as the number of full-time 
equivalents (FTEs) required to support a field activity. This includes project 
management, health and safety monitoring, procurement, and craft support. A 
value of four oversight R E S  per field activity was used. Therefore, installing 
a well in eight hours would consume 32 hours of Hanford Site oversight 
support. 

Grout for in-situ closure of wells would cost $71.25 per cubic yard delivered 
(Riggsbee 1996). 
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Description 
Oblate Ellimoid. Point Source 

Based on the geometries described, four detected leakage volumes for 4,l  ERT were 
estimated as shown in Table 6-5. 

Volume 
(gal) 

13.800 
Oblate Ellipsoid, Distributed Source 
Sphere, Point Source 
Sphere, Distributed Source 

~ 

34,000 
3,400 
13,600 

The 8,3 ERT configuration provides a plane of interrogation located 10 ft below the 
base of the tank. Using the same logic described for 4,l  ERT, the vertical radius of the 
leakage plume, r,, was assigned a value of 5 ft and the horizontal radius of the leakage 
plume, r,, was assigned a value of 5 ft for a spherical geometry and a value of 10 ft for an 
oblate ellipsoid geometry. The geometries are shown in Figure 6-3. 

Oblate Ellipsoid, Point Source 
Oblate Ellipsoid, Distributed Source 
Sphere, Point Source 
Sphere, Distributed Source 

Based on the geometries described, four detected leakage volumes for 8,3 ERT were 
estimated as shown in Table 6-6. 

4,100 
13,100 
1 ,ooo 
5,500 

Table 6-6. Detected Leakage Volumes for 8,3 ERT Technology. 

Volume I 
Description I (gal) 

Borehole logging provides a vertical column of interrogation at each borehole being 
logged. The leakage plume from a hypothetical leak would expand outward and downward 
from the leak source until the outer edge of the plume comes into range with one of the 
boreholes and is subsequently detected. It was assumed that the depths of the boreholes and 
therefore the depths of the column of interrogation are sufficient to reach any leakage plume. 
From this, it is apparent that the vertical radius of the leakage plume, r,, is arbitrary. The 
horizontal radius of the leakage plume, r,, is equal to the horizontal distance from the source 
of the leak to the nearest borehole. In a best-case scenario, the leak source is located on the 
tank perimeter at a point closest to a borehole. Boreholes were assumed to be located 10 ft 
from the perimeter of the tank, so for the best-case scenario, rb equals 10 ft. This result 
applies for either a point source or a distributed source. In a worst-case scenario, the leak 
source is located at a maximum distance from any borehole. Thus, the worst-case leak is 
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S ST 

200 East Area 

Leak Point 

y'i 

200 West Area 

Not to scale 

Figure 6-3. 8,3 ERT Configuration - Geometry for 
Calculating Detected Leakage Volume. 
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Minimum Distributed Source 

SST 

Maximum Distributed Source 

SST 

Points 

Detection Point 

Not to scale 

Figure 6-5. Borehole Logging and TDR - Distributed Source. 
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would be taken that allow calculation of the initial volume of waste in the retrieval tank, and 
the final volumes of waste in the retrieval and receiving tanks. The difference between the 
initial volume and the sum of the final volumes, if any, is the true quantity of waste leaked. 
Repeating the measurements a known time from the previous measurements allows the 
leakage rate to be calculated. 

The 8,3 ERT technology would use multiple data points and sophisticated software 
algorithms to form a three-dimensional tomograph of the subsurface leakage plume. The 
actual volume of leakage can be calculated from the inferred volume of the plume. The 
results of the pilot tests reported in Ramirez et al. (1995), provide excellent determination of 
plume volume. However, the ERT system used in the three-dimensional tomograph 
modeling by Ramirez et al. (1995) was an 16,8 configuration, and the proposed 8,3 
configuration is not expected to provide equivalent results. Nevertheless, 8,3 ERT 
technology may provide the best quantitative results of the technologies evaluated. The 
results of the quantitative analysis evaluation are summarized in Table 6-8. 

Table 6-8. Technology Operability and Effectiveness - Quantitative Analysis. 

Technology 
Mass Balance 

Tracer Gas 

4,l  ERT 

8,3 ERT 

Borehole Logging 

TDR 

Quantitative Analysis 
Volume - Yes, Calculated 
Rate - Yes, Calculated 
Volume - None 
Rate - None 
Volume - Qualitative Only 
Rate - Qualitative Only 
Volume - Yes, Inferred 
Rate - Yes, Inferred and Calculated 
Volume - Qualitative Only 
Rate - Qualitative Only 
Volume - Qualitative Only 
Rate - Qualitative Only 

6.2.4 Health and Safety Risk Evaluation Results 

As described in Section 6.1.4, the evaluation of health and safety risk was reduced to 
determining the public cancer and toxicity impacts associated with leakage from an average 
tank farm. 

The cancer and toxicity impacts were determined using the results in Treat et al. 
(1995). The average cancer impact was calculated to be 2.4 x 10'" per gallon of waste and 
the average toxicity impact was calculated to be 5.8 x 10.' per gallon of waste. The detailed 
results of this analysis are provided in Appendix C. 
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The input interfaces are those resources that must be supplied to the 
technology to install and operate it. These include utilities, such as electrical, 
gas, steam, or water, and consumable materials and supplies. 

The output interfaces are output streams that result from installation or 
operation of the technology and that require attention. All technologies 
include a data output stream for processing and all produce used equipment 
streams requiring disposal. 

The physical interfaces are the prerequisite demands of the technology for 
space and location on the installation site. 

a The support interfaces include coordination between different departments or 
groups necessary to complete installation and maintenance, such as crafts, 
procurement, and third-party vendors. 

Each set of interfaces was evaluated using available information and best engineering 
judgement; a complexity index range of 0 to 5 was used. A complexity index of 0 indicates 
that the interface does not apply or there is no impact. A complexity index of 2 designates a 
moderate complexity, and an index of 5 designates a significant or difficult complexity. The 
complexity indexes were then multiplied by a weighting factor assigned to each interface type 
to represent the relative importance of each interface. The physical interfaces were weighted 
highest due to the high difficulty of emplacing and operating equipment in tank farms, 
especially during active operations. The support interfaces were weighted next highest due to 
expected high coordination difficulties with other tank farm operations. The input and output 
interfaces were weighted equally low because they pose readily solvable problems. The 
results of the evaluation are summarized in Table 6-1 1, and described below. 

Table 6-11. Summary Leakage Detection Technology 
Evaluation of Complexity of Interfaces. 

(W.F. = weighting factor) 
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Mass balance technology has relatively few input requirements. Remote video 
cameras installed within the tanks for waste estimation will require power to operate. 
Pumping a tank of drainable liquids prior to waste estimation requires the use of the existing 
retrieval equipment. The only output of mass balance technology is the data stream that will 
require processing to determine if a leak has occurred. This output is essentially constant 
across all technologies and is sufficiently minor that it is not reflected in Table 611. The 
physical interfaces of mass balance are the necessity of a video camera and ENRAF or 
equivalent measurement instrument in each tank to be retrieved, and the equipment to drain 
the tank of fluids. The latter is satisfied by retrieval operations and is not considered further. 
The former is judged to have relatively minor interface complexity. The support interfaces 
are primarily labor and considered to have minor complexity. The interface index for mass 
balance is 6. 

Tracer gas technology inputs include utilities to operate the SVE system and GAC, if 
required, for treatment of the effluent soil vapor stream. The GAC would be purchased 
from a third-party vendor. The output interfaces for tracer gas testing include the data 
stream and secondary waste streams. As the only technology with a secondary waste stream 
other than failed and discarded equipment, tracer gas technology is considered to have 
greater complexity of output interfaces than the other technologies. The physical interfaces 
include the requirements of installing CFT wells in the tank farms. Location of a CPT well 
is subject to the presence of aboveground and belowground piping, the minimum proximity 
to a tank, and other factors. This makes optimum well placement difficult at best. The 
physical interface complexity is therefore judged to be relatively high. The support interface 
includes labor, crafts, procurement, and vendors, but the necessary tasks are routine and 
should pose no unusual problems. The support interface complexity is considered minor. 
The interface index for tracer gas technology is 23. 

The 4,l ERT and 8,3 ERT are two configurations of the same technology and have 
the same interfaces. Input interfaces include utilities, primarily electrical, and are considered 
minor. Output interfaces are limited to the data stream and are not considered further. The 
physical interfaces for the ERT configurations include CPT well placement and pose the 
same problems as described above for tracer gas testing. However, the larger added number 
of CPT wells in the 8,3 ERT configuration increases the probability of physical 
interferences. The support interface for both ERT configurations includes craft labor and 
procurement prior to and during installation, but is essentially automated and free of support 
requirements during operation, save for processing the data stream. The support interface 
complexity is considered minor. The interface indexes for the ERT configurations are 12 for 
4, l  ERT and 18 for 8,3 ERT. 

Borehole logging input interfaces are limited to utilities as required by the logging 
vendor and are of minor complexity. It is assumed that the vendor is responsible for any 
output interfaces other than the data stream, and therefore there are no interfaces shown. 
This evaluation assumes that borehole logging will occur only in existing tank farm 
boreholes, thus no additional physical interfaces are required. Support interfaces include the 
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vendor to perform the logging and associated procurement. Support interfaces are considered 
minor. The interface index for borehole logging is 7. 

The TDR interfaces parallel those of the 4,l ERT configurations. The application of 
the technology is the same, involving the placement of subsurface probes in CPT wells, and 
differing only in the types of measurements taken and an additional CFT well for TDR. For 
this reason, the interfaces and the associated complexities are similar. The interface index 
for TDR is 12. 

6.3 LEAKAGE DETECTION COST-BENEFTT ANALYSIS 

The cost-benefit for leakage detection technologies was estimated using the 
carcinogenic risk and hazard index (HI) measures presented in Section 6.2.4 and the TNPW 
cost measures presented in Section 6.2.1. The benefit is expressed as the risk that is 
avoided if leakage is limited to the volume first detected. This also assumes that no 
additional leakage is associated with the mitigation process and does not account for the 
additional costs associated with leakage mitigation (which may be large). 

This benefit is calculated by the risk-difference method and is expressed as a 
percentage. This method is defined as 100% times 1 minus the ratio of the relative risk 
(Risk, or HIJ associated with the leakage detection technology to the relative risk (Risk or 
HIJ of the no action alternative. 

Benefit", = % Risk Avoided = (I - pI, , /HIJ)IW% 

Benefit,k = % Risk Avoided = (I - @isk,,/RiskJ)100% 

Cost is defined as the TNPW of the leakage detection technology. 

Cost = TNPW 

Hence, benefit by this method reflects the percentage increase or decrease in risk and 
cost is the increase or decrease in TNF'W cost. Cost-benefit in this analysis is defined as the 
ratio of the risk-difference benefit (the "bang") to the cost (the "buck"). Thus a higher cost- 
benefit is desirable as it results from either increasing the risk avoided and/or lowering the 
cost. 

As can be seen in Table 6-13, the cost-benefit for borehole logging and TDR systems 
is zero. The upper detection limit for these technologies is greater than the total leakage 
estimated to occur under a no action scenario. In those situations, the assumed maximum no 
action leakage (40,000 gal) could occur with no detection by borehole logging or TDR, thus 
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no benefit would be obtained. For this reason, neither of these technologies are considered 
feasible for the leakage detection function. 

As seen in Tables 6-12 and 6-13, mass balance has a significantly better cost-benefit 
than any of the other technologies. This is a result of detection limits relatively equivalent to 
other technologies at a significantly lower cost. 

Table 6-12. Cost-Benefit of Leakage Detection Technologies Relative to No Action 
(Lower Range Detection L i t ) .  

The % public risk avoided assumes that the leakage is limited to the volume first 
detected (detection limit). 
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Table 613. Cost-Benefit of Leakage Detection Technologies Relative to No Action 
(Upper Range Detection Limit) 

a The % public risk avoided assumes that the leakage is limited to the volume first 
detected (detection limit). 
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TDR 0.58 

ERT technology provides a higher cost-benefit than the baseline monitoring technology 
(borehole logging). 

1 1.7 

Table 7-4. Cost-Benefit of Leakage Monitoring Technologies. 

4,l ERT I 0.28 I 0 I 0 
8.3 ERT 0.57 3 5.3 
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8.0 ANALYSIS OF ALTERNATIVES FOR LEAKAGE MITIGATION 

The leakage mitigation technologies described in Section 4.2 were evaluated on the 
same basis as the leakage mitigation technologies developed and evaluated in Treat et al. 
(1995). The approach to evaluating the performance measures, the results of the analysis, 
and the cost-benefit are provided in Sections 8.1, 8.2, and 8.3, respectively. 

8.1 LEAKAGE MITIGATION COST/RISK EVALUATION APPROACH 

The primary performance measures that were used to compare leakage mitigation 
technologies in Treat et al. (1995) were cost and public health risk resulting from waste 
leakage. The costs and public health risks provided in Treat et al. (1995) for traditional 
@st-practice) sluicing were modified to account for additional costs and potential leakage 
mitigation provided by the limited sluicing technology described in Stuart et al. (1996). 

Leakage mitigation technologies evaluated by Treat et al. (1995) included: three 
types of tank waste retrieval technologies (past-practice sluicing, mechanical retrieval, and 
robotic sluicing), six types of subsurface barriers (close-coupled chemical barrier, modified 
close-coupled barrier, box-shaped chemical barrier, V-shaped chemical barrier, V-shaped 
freeze wall barrier, and circulating air barrier), two types of soil flushing to recover leaked 
waste (gravity flushing and suction flushing), a single method of stabilizing cleaned tanks 
(grouting), and a single method of capping the stabilized tanks (the Hanford Protective 
Barrier). 

Treat et al. (1995) showed that there are large differences in worker safety risks 
associated with these technologies. Worker safety risk was not evaluated here to maintain 
consistency with the previous evaluations of leakage detection and monitoring which 
addressed only public health risk. 

8.1.1 Costing Methodology 

The costs for past-practice sluicing were evaluated by Treat et al. (1995) for the 
following life-cycle cost categories: technology readiness, capital, O&M, waste disposal, 
and decontamination and decommissioning @&D). These costs were combined to provide 
the TNPW cost. 

It was assumed that there would be a doubling of technology readiness costs 
associated with limited sluicing over those for past-practice sluicing due to uncertainties 
regarding effectiveness of the technology. The capital costs were also increased over past- 
practice sluicing because more complex sluicing nozzles and telescoping pumps are required 
for limited sluicing. The engineering and special equipment capital costs were assumed to 
increase by 25%. The O&M and D&D costs were estimated as a percentage of the capital 
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costs. The O W  costs were assumed to be 3.8% of the capital costs and the D&D costs 
were assumed to be 10% of the capital costs plus one year of personnel costs. 

8.1.2 Health and Safety Risk Methodology 

The public health risk associated with leakage mitigation was calculated by Treat et 
al. (1995) for carcinogenic and chemical hazards introduced to the public by exposure to 
contaminated groundwater. The following discussion of the methodology is taken from Treat 
et al. (1995). 

A first approximation of relative human health risks from exposure to contaminated 
groundwater was performed in a two-step analysis. The first step was definition of 
potential residual sources of groundwater contamination following completion of tank 
waste retrieval operations. This included identifying residual contaminant sources and 
their potential inventories of contaminants, and estimating the rates and duration of 
contaminant releases from these sources into the vadose zone. 

The second step in the assessment of the relative risks involved modeling the transport 
of contaminants through the vadose zone and aquifer, and estimating potential human . 
exposure and health risk. This was accomplished using the MEPAS Version 3.0g 
computer code @roppo et al. 1989). The MEPAS is designed to evaluate relative 
human health risk from radiological and chemical contaminants released into the 
environment. 

The potential sources of groundwater contamination that were analyzed include the 
following: 

0 

0 Residue within tank concrete 

e 

0 Residue within close-coupled barrier 
0 

Residue in tank following waste retrieval 
Residue between tank steel and concrete foundation 

Residue in soil due to old and new leakage 
Residue following soil flushing of old and new leakage 

Residue following use of standoff barrier. 

It was assumed that limited sluicing would impact only the waste residue in the soil 
by reducing the amount of new leakage. Treat et al. (1995) assumed that past-practice 
sluicing resulted in 150,000 L (40,000 gal) of leakage from a tank with a hydraulic head 
averaging 4.6 m (15 ft), while robotic sluicing resulted in 15,000 L (4,000 gal) of leakage 
from a tank with a 460-mm (1.5-ft) hydraulic head. Limited sluicing would likely operate 
with a lower hydraulic head in the tank relative to past-practice sluicing, but a higher 
hydraulic head than robotic sluicing. It was assumed that the average hydraulic head 
associated with limited sluicing would be 1,500 mm (5 ft) with resulting 50,000 L 
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Relative 
Cancer 
Risk 

~ ~~ 

Table 8-2. Estimated Public Health Risk of Risk Mitigation Alternatives. 
(Note: All data except those for Limited Sluicing in Line 4 are from Treat et al. 1995) 

Relative 
HI Alternative 

1. No Action 

2. Surface Barrier Only 

1.5E-01 2.8E+03 

3.7E-04 8.6E+OO 

3. Past Practice Sluicing 

4. Limited Sluicing 

1.1E-05 2.4E-01 

733-06 1.7E-01 
I I 

5 .  Robotic Sluicing I 2.5E-06 I 5.7E-02 

6. Mechanical Retrieval 

7. 
- 

Close-Coupled Chemical Barrier with Flushing 

2.1E-05 4.9E-01 

5.2E-06 1.2E-01 

8. Close-Coupled Chemical Barrier wlo Flushing 

I I 

10. Box-Shaped Chemical Barrier I 4.9E-06 I 1.1E-01 

7.0E-06 1.6E-01 

11. V-Shaped Chemical Barrier 

12. V-Shaped Freeze Wall Barrier 

1 13. Circulating Air Barrier 1 5.1E-06 I 1.2E-01 1 

4.9E-06 1.1E-01 

4.8E-06 l.lE-01 
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9.4.1 Issue 1 - Variability in Risk Posed by Leakage from Different Tanks 

The applicability of LDMM technology may be dependant, in part, upon the risks 
posed by leakage from individual tanks. Cruse et al. (1995) developed preliminary LTVs for 
individual SSTs based on estimated concentrations of risk-contributing chemicals and 
radionuclides in SST waste. The LTVs ranged from 10,000 to more than 380,000 L (2,700 
to 100,000 gal) for the same unit of posed risk. Although many simplifying assumptions 
were used, LTVs in Cruse et al. (1995) suggest that sensitive leakage detection may be 
advisable in some tanks if risk posed by residual waste and leakage will impact tank farm 
closure requirements. 

To simplify the analysis of public health risk in this trade study, it was assumed that 
leakage contained chemicals and radionuclides at concentrations equal to the concentrations 
expected in average SST waste. The potential risk impacts of leakage at the average waste 
composition were evaluated for different LDMM technologies. No attempt was made to 
define possible LDMM requirements and feasibility for higher risk leakage. 

Suggested Analysis 

The LTVs provided in Cruse et al. (1995) should be updated and refined to reflect 
possible risk impacts of adjacent waste sites and site-specific conditions. These impacts 
include the potential for overlapping plumes, which may result in lowering the LTV to safely 
accommodate the combined impacts to the groundwater. Other potential impacts include 
issues related to tank integrity and other physical conditions that may preclude sluicing and 
associated leakage or installation of LDMM equipment. The risk-based logic for planning 
what and when LDMM technology should be deployed for individual tanks should be 
established. 

9.4.2 Issue 2 - Design-Basis Leakage Configuration 

The applicability of LDMM technology depends on its sensitivity to detecting and 
measuring the volume of leakage. A previous analysis by Lowe et al. (1993) identified a 
most-likely leak location and quantity. Leakage into the soil may occur from any location on 
the tank surface below the liquid level, however, resulting in plumes of many possible shapes 
and sizes. 

This trade study evaluated minimum and maximum leakage detection limits for sets of 
conditions most advantageous to detection and least advantageous to detection. Wide ranges 
of leak detection sensitivities were found for the LDMM technologies evaluated. Minimum 
leakage detection sensitivities appeared attractive in many cases but maximum leakage 
detection sensitivities were often unacceptably high. No attempt was made to evaluate the 
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APPENDIX A 

DETAILED COST ESTIMATION 

A- i 









1 PIF = - 
(l+i)” 

= 0.29 
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where i = interest rate = 0.1 (10%) 
n = number of periods = 13 (years) 
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Trvcer Gas 

LDM System Tracer Gar 

center CBl'lMf 1 1 4 , W , M 0  
28 

t5W.033 
Numba af ~ ~ i i s o m  
I"*.HBbO" mr, per cB,I ID" 

Number 01 lateral wells 82 On labra1 per lank 
t"*tallal,on ms, Far lalsrsl we,, 

A I S Y m B I  an averaged 1 callrm pet 3 tanks 
&sums3 1W A deep at 1 5 . W  per foal 

Lateral well* 12.050,wo 

1 2 5 . ~ 0  ~ ~ r u m s a  YI n long SI $ 5 ~  1-1 
Tracsr and lnn-lation I745.2W 

Number 01 tanks 82 
Mobllllation 5 3 . W  itewlr, 1995) 
Tr- e& ml\(ruis$%on S . l W  ILBWII. 1995) 

vapor Enraamdsampi,ng tqupmenc s20,Wo 
Number of edrsdionisamplmg syrtemr 2 Assumes no more lhan 2 Cas11ons (6 tanks) being 

51.326.WO 
MB"hQY,I 26520 

Number of systems 2 
FTE per system 0 5  Assumed 

13 Years 

Canaumsble Supplisr 
Labor 

Ma"Il0"rS 26520 
Number of system6 2 op8'al,"g a, any pol", /" t,me 
FTE per syslem 05 Assumed 
Total llme d Operatlo" 13 Yeair 

SVE wslKmM dosure 
ceoter ca,ssonr 51,013,WO 

Consumable Supplier f5 .W Assumes cleanfill and cap ca8~10n 
Labar s t . w a . ~ o  

No of caissons 28 
Manhouis 720 Arrum8ng 6 perron crew, 15 days each perron 
Cos, per manhour $50 

LBIBral Wells $98 436 
$36 ConJumable Supplier Assumes 5 cu yd 01 wout per I a t ~ r ~ l  

tam, sga,4oo 
No of laferal w e / k  a2 

Coal per manhour 550 
Manhours 24 Arruminp 6 perron crew, 0 5 days sach person 

Equipment dibporaVscrap $0 Arrumer no salvage val~e/cosI  
Walle d8rposal $0 No wasIes requ8nng disposal 

NOTE Cost 01 SVE Well, assume one lwn deep casson sew~ces three tanks each horizonla1 well IS 50~" lanp, 
P'pe drlllinp and iacXinp COIl of 5500111 and c a I l 0 n  cos1 DI $5,0wm /ref Treat et a1 1994. page C ~ l 3 )  

TOTAL COSTS FOR DETECTION PRESENTVALUE 

PreparaloQ $41.333 $4 1,333 
lnslallalian $16,816.200 1116,816,200 
operation $1,449,000 $791.317 Divide total costs by 13 yrs operal~ng /Me and mult8piy 

PIA lacfor = 7 1, a s s u m e ~  10% dlrCounl rale, 1 
Decommissioning $1,013,000 8293,770 Muillply by PIF i a d m  = 290 assurne~ 10% discount 

and decommissioning ncwcs 13 yaars from pr 

Developmenl $2.000.000 $2.000.000 

TNPW 119,942,680 
PerTank $243,203 

TOTAL COSTS FOR MONITORING 

PreparalO~ $41,333 
lnstallallon $16,815,200 
Operatlo" $1 449,000 

Decommissioning $1 01 3,000 

Development $2 000,000 

TNPW 
PerTank 

PRESENTVALUE 
$2.000,000 

$41.333 
$16.816.200 

$191,317 D8vlde total m s t s  by 13 yl$ operal8ng Me and mull8pIy 
PIAIacfor = 7 1, assumes 10% discount rate, 1 

Mull8~ly by PIF factor = 293 assumes 10% d~rcount 
and dscomm,Irla"lngocurrr 13yBarstr0m D, 

$293,770 

$19,942,680 
$243,203 
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8.3 ERT Page 1 

COSTS I Comment. 

work Plans as 000 

Number of well$ 656 Assumes 8 wells per tank 
Avg depth of wells 180 
Cost per fl of depth $360 (Riggsbee. 1996) 

1abDr $1,049,600 
No. Of wells 656 Assumes 8 wells per tank 
Manhours per well 32 
Cost per manhour $50 

Probes and Casing Equipment $26.240 
No. of probes 656 Assumes 8 well3 per tank 

Assumes pushing two 50-fl wells befare geeing a 

Hanford Oversight. crafts, and Health and Safety 

cos1 per probe $40 (lewis 1995) 

Data mllection computer $50,000 (LewlB. 1995) 
Data Acq CompulerlSoftware $140.000 Assumes one system Can support multiple retieval 

Data processing workstation $70,000 (lewis. 1995) 
$20 000 Assumed 

Consumable Supplies $0 
Ibba' $492.000 

9840 Manhours Assumes 2 man-hours per day per tank, average tank 

Labor $426.400 
Manhours 8528 Assumes 2 man-hours quartedy per tank. average tank 

Equipment 
Consumable Supplies 
Labor 

Number of wells 
Manhours per well 
Cost per manhour 

TOTAL COSTS FOR DETECTION 
Development $2,000,000 
Preparatory $8,000 
Installation $43.724.640 
Operation $492,000 

Decommissioning 

TOTAL COSTS FOF; 
Development 
Preparatory 
Installation 
Operation 

Decommissioning 

$1,836,800 

TNPW 
Per Tank 

:MONITORING 
$2.000.000 

$8.000 
$43,724,640 

$426,400 

$1,836,600 

TNPW 
Per Tank 

$0 
$1.753 

$1 836 800 
656 
56 

550 

Assumes equipment IS Owned by Tank Farms 
Assumes 0 1 cy of grout perwell 

Assumes 8 wells per tank 
A s s ~ m e 5  3 person crew 8 hours. plus Hanford 
Costs per person per hour for work within a rad zone 

PRESENTVALUE 
$2.000.000 

$8,000 
$43,724,640 

$268.708 

$532,672 

$46,534,020 
$567,488 

Divide total costs by 13 yrs Operaling Ihfe and multiply b 
PIAfactor = 7 1. assumes 10% discount rate. 13 

Multiply by PIF factor; 290, assumes 10% discount ra 
and decommissioning occurs 13 years from pres 

PRESENT VALUE 
$2,000,000 

$8,000 
$43,724,640 

$232,880 

$532,672 

$46,498,192 
$567,051 

Divide total costs by 13 yrs Operating life and multiply b 
PIAfactor = 7 1. assumes 10% discount rate. 13 

Multiply by PIF factor = 290, assumes 10% discount ra 
and decommissioning occurs 13 yearn from pres 
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LDM System 

WHC-SD-WM-ES-379 KLV.  0 
'TDR 

TDR 

Page 1 

work Plans $8,000 

No of wells 
Dnlling costs perwell 
Labor per well 

Manhours per well 
Cost per manhour 

Data Acq probes or equipment 
NO of probes 
Cost to purchase probe 

410 
$87.500 

$1.600 
32 

$50 
$9.717.000 

410 

Assumes 5 wlls  per tank 
Assumes 70 R perwell at $1250 per R 

4 person crew. four hours each. + Hanford oversght 

Assumes 5 wells per lank 
$3,100 (Lewis. 19951 

Cost to madify probe $20.000 ( L e w  1995) 

Consumable Supplies $0 
Lab0 $492.000 

Manhours 9840 Assumes 2 man-hours ~ e r  day ~ e r  tank averme lank 

Consumable Supplies $0 
Lab0 $426 400 

$50 
Manhours 8528 Assumes 2 man-hours quarterly per tank average tank 
Cost per manhour Cos15 per person for work oulsde a rad zone 

Equipment 
Consumable Supplies 
Labor 

No of wells 
Manhours 
Cost per manhour 

Equipment disposal 
Waste disposal 

TOTAL COSTS FOR DETECTION 
Development $500,000 
Preparatory $8,000 
Installation $46,248.000 
Operation $492.000 

Decommissioning $986.921 

TNPW 
Per Tank 

TOTAL COSTS FOR MONITORING 
Development $5 0 0.0 0 0 

Installation $46.248.000 
Operation $426,400 

Preparatoty $8,000 

Decommissioning $986,921 

TNPW 
PerTank 

$0 
$2,921 

$084 000 
410 
46 

$50 
$0 
$0 

PRESENT VALUE 
$500,000 

$8,000 
$46,248.000 

$268.708 

$286.207 

$ 4 7 3  0,915 
$576,962 

PRESENT VALUE 
$500,000 

$8.000 
$46,248,000 

$232,880 

$286,207 

$47,27s,oa7 
$576,525 

Assumes equipment 1s owned by Tank Farms 
Assumes 0 1 cy of grout per well 

Assumes 5 we115 per tank 
Assumes 2 person crew 6 hours + Hanfoid oversight 
Costs Per person per hour for work Within a rad zone 
Assumes wnlinued use for all equipmen1 
Assumes In situ closure Of CPT wells with neglible 

Divide total costs by 13 yrs Operating life and multiply by 

PIA factor = 7 t assumes 10% discount rate 13 y 
Multiply by PIF factor = 290, assumes 10% discount ral 

and decommissioning occurs 13 years from p m e  

Divide total wsts by 13 yrs operating life and multiply by 

PIA factor = 7 1 assumes 10% dlScount rate 13 y 
Multiply by PIF fanor = 290 assumes 10% dtswunt rat 

and decommissioning W U ~ S  13 years from pmse 

A-9 





V'C-SD-dM-ES-379 PFV. 0 
- Log Number 

RECORD OF TELEPHONE CONVERSATION FORM 

ENSERCH ENVIRONMENTAL 

UNDERGROUND STORAGE TANK-INTEGRATED DEMONSTRATION (UST-ID) PROGRAM 

CALL: $TO 0 FROM: J o 4  5 3  TASK: m-/& #- 1 5  

DATE: % TIME: //.'a6 ORGANIZATION: k J & , b  ?e. /d 
PHONE: $ 373 s-+ PAGE / o f  / 
SUBJECT: f !&JL fl&Z> T*% P a  

Distribution: (A c o p y  must be given to the Task Manager) 

File: 1.10/3.6 
A-I1 
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RECORD OF TELEPHONE CONVERSATION FORM 
ENSERCH ENVIRONMENTAL 

UNDERGROUND STORAGE TANK-INTEGRATED DEMONSTRATION (UST-ID) PROGRAM 

CALL: E 6 0  TASK: (L/- A (  -/,/) - x I-' 
ORGANIZATION: DATE: $b,& TIME: 0.";;'. f;"i 

PHONE: PAGE 1 o f  1 
SUBJECT : ?:J* PI Z&G E4 (&> f l c  

D i s t r i b u t i o n :  (A  copy must be g i v e n  t o  the Task Manager) 

F i l e :  1.10/3.6 
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APPENDIX B 

DETECTED LEAKAGE VOLUME CALCULATIONS 
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T h i s  p a g e  i n t e n t i o n a l l y  l e f t  b l a n k .  
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WHC-SD-WH-ES-379 REV. 0 
4.1 ERT 

Leakage Volume calculations for 4, l  ERT 

Point Source 
Leak is detected when leading edge of plume reaches 15 feet below tank bottom. 

Distributed Source 
Leak is detected when leading edge of plume reaches 15 feet below tank bottom. 

L U S  XLS 
B-2 
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WHC-SD-WM-ES-379 REV. 3 
8.3 ERT 

Leakage Volume calculations for 8.3 ERT 

Point Source 
Leak is detected when leading edge of plume reaches 10 feet below tank bottom. 

Distributed Source 
Leak is detected when leading edge of plume reaches 10 feet below tank bottom. 

L W S  XLS 
B-3 
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Borehole Logging 

Leakage Volume calculations for Borehole Logging 

Minimum Point Source 
Leak is detected when leading edge of plume reaches 10 feet from edge of tank 
Leak occurs from circumference of tank, closest to a borehole 

Maximum Point Source 
Leak is detected when leading edge of plume reaches 10 feet from edge of tank 
Leak occurs from circumference of tank, between two boreholes 

b =  28 

Law of Cosines: 6 
bZ = d2 + c2 - 2 d c Cos B 

B =  36 
C =  37.5 
d =  47.5 

Distributed Source 
Leak is detected when leading edge of plume reaches 10 feet from edge of tank 

B 

LEAKS.XLS B-4 



WHC-SD-WM-ES-379 REV. 0 
TDR 

Leakage Volume calculations for TDR 

Minimum Point Source 
Leak is detected when leading edge of plume reaches 10 feet from edge of tank 
Leak occurs from circumference of tank, closest to a borehole 

Borehole 

Leakpoint 

Maximum Point Source 
Leak is detected when leading edge of plume reaches 10 feet from edge of tank 
Leak occurs from circumference of tank, between two boreholes 

jreholee 
m. Q c  LJ B 

Law of Cosines: 
b2 = d2 + c2 - 2  d cCos B 

B =  36 b =  27.9 
C= 37.5 
d =  47.5 

Distributed Source 
Leak is detected when leading edge of plume reaches 10 feet from edge of tank 

Ellipsoid 
R (n) = 
a (17) = 

14~0 

L E M S  XLS 

P , 
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Table 6-12. Relative Source Contribution to Hazard Index Risk. (sheet 1 of 2) 

Alternative 

1. No Action 

solmx 

Tank Residual 
Behveca Tank and Concrete 

In Concrete 
Old Leaks 

2. Surface Barrier Only 

7. Close-Coupled 
Chemical Barrier 
w/o Flushing 

3. Traditional Sluicing 

Tank Residual 
Between Tank and Concrete 

In Concrete 
Old and New Leaks 

In Barrier 

(Baseline) 

4. Robotic Sluicing 

5. Mechanical Retrieval 

6. Close-Coupled 
Chemical Barrier 
with Flushing 

Tmk Residual 
Between Tank and Gmcrete 

In Concrete 
Old Leaks 

Tank Residual 
Between Tank and Concrete 

In Concrete 
Old and New Leaks 

Tank Residual 
Between Tank and Concrete 

In Concrete 
Old and New Leaks 

Tank Residual 
Between Tank and Concrete 

In Concrete 
Old Leaks 

Tank Residual 
Between Tank and Concrete 

In Concrete 
Flushed Old Leaks 

In Barrier 

HI 
Contribution 

at Peak 

2.6E+03 
4.0E-01 
3.0E+00 

2.8E +03 

8.6E+00 

ZiEPl 

O.OE+OO 

Rclntive 
Contribution 

('R) 

100 
0 
0 
0 

100% 

100 
0 

- 

0 

100% 

8.9E-02 -I-?- 2.3E-04 

& 
2.4E-01 

7 

6.0E-03 
3.8E-04 
1.1E-02 20 
3.9EM 69 
S.lE-02 

4.5E-01 
3.4E-04 
1.1E-02 
2.9B-02 
4.9E-01 

9.OE-02 
2.6E-04 
1.6E-02 
S.OE49 

1.2E-01 

92 
0 
2 
6 

100 % 
- 

76 
0 
14 
0 
10 

100% 
- 

9.0E-02 
2.6E-04 
1.6E-02 
4.0E-02 

51 
0 
10 
26 

1.2E-02 7 
1.6E-01 

c-5 

. , -  . "'177' T 






	1.0 INTRODUCTION
	1.1 REPORT OBJECTIVE AND SCOPE
	1.2 REPORT STRUCTURE
	1.3 DEFINITION OF LDMM TERMS AND CONCEPTS
	1.3.1 RoleofLDMM
	1.3.2 LeakandLeakage
	1.3.3 Leakage Plume
	1.3.4 Minimum Achievable Leakage
	1.3.5 Leakage Threshold Values
	1.3.6 Leakage Detection
	1.3.7 Leakage Monitoring
	1.3.8 Leakage Mitigation
	1.3.9 LDMM Technology Availability
	1.3.10 LDMM Technology Deployability
	1.3.11 LDMM Technology Reliability
	1.3.12 Leakage Detection Regardless of Leak Location
	1.3.13 Timely Leakage Detection
	1.3.14 Leakage Size Volume and Rate
	1.3.15 Leakage Direction

	1.4 FACTORS IMPACTING USE OF LDMM
	1.4.1 Programmatic Factors
	1.4.2 Leakage Factors
	1.4.3 Other Site Factors


	2.0 IDENTIFICATION AND SCREENING OF LDMM TECHNOLOGIES
	MASS BALANCE USING LEVEL MEASUREMENT
	TRACERGAS
	LEAKAGE DETECTION PITS
	ELECTRICAL RESISTANCE TOMOGRAPHY
	BOREHOLE GEOPHYSICAL LOGGING
	2.5.1 Neutron Activation Logging
	2.5.2 Gamma-Ray Logging

	TIME DOMAIN REFLECTOMETRY
	PAST-PRACTICE SLUICING
	LIMITED SLUICING
	ROBOTIC SLUICING
	2.10 MECHANICAL RETRIEVAL
	2.11 SUBSURFACE BARRIERS
	Close-Coupled Chemical Barrier
	2.11.2 Box-Shaped Chemical Barrier
	2.11.3 V-Shaped Chemical Barrier
	2.11.4 V-Shaped Freeze Wall Barrier
	2.11.5 Circulating Air Barrier


	ASSUMPTIONS
	4.1 LEAKAGE DETECTION AND MONITORING TECHNOLOGIES
	4.1.1 No Action
	4.1.3 Tracer Gas
	4.1.4 Electrical Resistance Tomography 4. 1 Configuration)
	4.1.5 Electrical Resistance Tomography 8. 3 Configuration)
	4.1.6 Borehole Logging
	4.1.7 Time Domain Reflectometry

	4.2 LEAKAGE MITIGATION TECHNOLOGIES
	4.2.1 Past-Practice Sluicing
	4.2.2 Limited Sluicing
	4.2.3 Robotic Sluicing
	4.2.4 Mechanical Retrieval
	4.2.5 Subsurface Barriers

	4.3 ASSUMED TANK LEAKAGE FACTORS

	5.0 DECISION CRTTERIA
	5.1 FUNCTIONAL REQUIREMENTS
	5.1.1 Detection Level
	5.1.2 Monitoring
	5.1.3 Mitigation
	5.1.4 Public Health and Worker Safety
	5.1.5 Environmental Impact
	5.1.6 Impact On Other TWRS Functions

	5.2 PERFORMANCE MEASURES

	6.0 ANALYSIS OF ALTERNATIVES FOR LEAKAGE DETECTION
	6.1 LEAKAGE DETECTION COST/RISK EVALUATION APPROACH
	6.1.1 Costing Methodology
	6.1.2 Schedule Risk Methodology
	6.1.3 Operability and Effectiveness Methodology
	6.1.4 Health and Safety Risk Methodology
	6.1.5 Environmental Acceptability Methodology
	6.1.6 Technical Maturity Methodology
	6.1.7 Complexities of Interfaces Methodology


	Trade Study Structure
	Leakage Detection and Monitoring Zones
	Tracer Gas Center Extraction
	Configuration 1
	Configuration 2
	4 1 ERT Typical Configuration
	8 3 ERT Typical Configuration
	Borehole Logging
	Five Point TDR
	Robotic Sluicing
	Mechanical Retrieval
	Close-Coupled Chemical Barrier
	Chemical Injection Piping for Close-Coupled Barrier
	Box-Shaped Chemical Barrier
	V-Shaped Barrier
	Circulating Air Barrier
	Geometric Relationship of Leakage Plume Shape
	Geometric Relationship of Leakage Type of Source
	SST Leakage Detection and Monitoring Zones
	Possible Detected Leakage Volumes
	Detected Leakage Volume
	Detected Leakage Volume
	Borehole Logging and TDR Point Source
	Borehole Logging and TDR Distributed Source

