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Cost-Effectiveness Analysis of the SEAMIST™ Membrane System Technology 

Anne D. Henriksen 
Steven R. Booth 

ABSTRACT 
SEAMIST™ is a new technology that consists of an airtight membrane liner that is 

pneumatically emplaced inside the borehole. The positive air pressure inside the liner maintains the 
integrity of the borehole structure. Samphng ports with attached tubing, absorbent collectors, or 
various in situ measuring devices can be fabricated into the liner and used for monitoring volatile 
organic compounds (VOCs), semivolatile organic compounds (SVOCs), pesticides, herbicides, 
polynuclear aromatic hydrocarbons, polychlorinated biphenyls, or radioactive substances. In 
addition, small instruments can be guided through the lined borehole and measurements taken 
inside at specified intervals. 

The purpose of this study is to analyze the cost and performance effectiveness of this new 
technology. To do so, we constructed five hypothetical scenarios in which utilization of the 
SEAMIST™ system can address various needs of the Department of Energy's environmental 
remediation program. Two of the scenarios involve vertical boreholes (or vertical instrument 
configurations) and two involve horizontal boreholes (or horizontal instrument configurations). 
The four scenarios jointly address contamination by VOCs, SVOCs, various water-soluble toxic 
substances, and low-level radioactive waste. One of the scenarios involves towing an instrument 
through a borehole and taking measurements of moisture levels in the surrounding soil. 

INTRODUCTION 

The purpose of this report is to investigate and describe on the cost and performance 
effectiveness of the SEAMIST™ membrane and instrumentation emplacement technology by 
analyzing how it compares to existing methods designed to accomplish the same task or set of 
tasks. In this analysis, we attempt to describe SEAMIST™ in a sufficient number of different 
scenarios in order to adequately demonstrate the breadth of its capabilities. Each scenario 
emphasizes a different function or addresses a different need of the environmental remediation 
objectives of the Department of Energy. Because of the diversity of capabilities of this new 
technology, each scenario must use a different conventional technology as a baseline of 
comparison. ^ ^ ^ p , ^a» J J 
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SEAMIST™ is an innovative technology with many attributes: 

• SEAMIST™ is an innovative technology that can facilitate measurements of soil-borne 
contaminants in horizontal and vertical boreholes 

• SEAMIST™ consists of an airtight membrane that is pneumatically emplaced inside the 
borehole along with any attached sampling or measuring equipment, e.g., sampling 
ports, absorbent collectors, in situ sensors 

• 

• 

SEAMIST™ can be used to facilitate characterization and monitoring for VOCs, 
SVOCs, pesticides, herbicides, PAHs, PCBs, radioactive substances, metals, and 
other soil- or water-borne contaminants 

SEAMIST™ can also be used as a platform from which to tow in situ instruments such 
as cameras, neutron logging tools, and sensors through the borehole to obtain real-time 
data 

SEAMIST™ can be installed permanently with grout, semi-permanently with sand, or 
on a non-permanent basis by using positive air pressure 

SEAMIST™ can be a substitute for conventional borehole casing, but can also perform 
some functions that have no simple baseline of comparison, e.g., it can be used in 
conjunction with absorbent wicking pads to obtain samples of pore fluid contaminants 
on a recurring basis 

The magnitude of the cost savings possible from using SEAMIST™ instead of 
conventional methods increases as the depth of the contamination increases and 
increases as the variety of contaminants at a site increases 

ANALYSIS AND CAVEATS 
This analysis to determine the cost effectiveness of using the innovative SEAMIST™ 

technology is performed within the context of five scenarios. Each scenario highlights a different 
characteristic or need for some realistic set of site conditions that the DOE may encounter. 
Scenario 1 consists of a deep VOC contaminant plume (about 100 ft) which must be characterized 

• 
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and then monitored. Scenario 2 also involves a VOC contaminant plume; however, this plume is 
very shallow. Scenario 3 involves contaminants which are not volatile, but which exist in the pore 
fluids of the soil (see bullets). Scenario 4 involves taking moisture measurements to detect leakage 
under a low-level radioactive land disposal pit. Finally, Scenario 5 represents a combination of the 
requirements of Scenarios 1 and 3; its purpose is to demonstrate that there is synergism and 
economies of scope possible which result in additional cost savings over and above those of the 
separate scenarios. 

Successful use of the SEAMIST™ technology requires that the geology of the site be 
sufficiently stable so that the borehole does not collapse before the membrane is emplaced. Also, 
the borehole surface must not be so rocky or sharp that it will tear the membrane. 

COST DRIVERS 
The cost drivers for both the new and the selected baseline technologies depend on the 

specific scenario. For the deep VOCs of Scenario 1, the SEAMIST™ system consists of vapor 
monitoring ports fabricated into the membrane. The baseline in Scenario 1 was chosen to be vapor 
monitoring ports constructed in conventional PVC casing. Both systems have tubing that carries 
the local VOC vapors to the surface for sampling and analysis. The cost drivers for Scenario 1 are 
the cost of the membrane for SEAMIST™ and the cost of the labor to construct the port system for 
the baseline. 

Scenario 2 deals with shallow VOC contamination. The SEAMIST™ technology in 
Scenario 2 requires horizontal boreholes, whereas the baseline in this scenario consists of shallow, 
implanted soil vapor probes. Again, the cost of the fabricated membrane is a major cost to the new 
technology; however, that cost is far exceeded by the cost to drill the required horizontal boreholes. 
In this scenario, the new technology is not more cost effective; it is far more economical for 
shallow VOC contamination to use a system of soil vapor probes. It is worth noting, however, 
that for situations in which the contamination is not accessible from directly above the surface 
(e.g., across waterways or under buildings) horizontal boreholes and SEAMIST™ may be the 
only alternative. 

Scenario 3 involves obtaining pore fluid from the vadose zone to analyze for water-borne 
contaminants such as nonvolatile organic compounds, PCBs, PAHs, pesticides, metals, and even 
tritium. The SEAMIST™ setup consists of absorbent wicking pads attached to the side of the 
membrane which are in direct contact with the borehole soil. The baseline of comparison is a 
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Seen. Svstem Description Cost Savings Cost Equivalencies 

1 Twelve 100-ft vertical bore
holes each with 10 VOC 
sampling ports 

SEAMIST™ can save 56% 
over the use of conventional 
casing equipped with similar 
vapor monitoring ports 

10 vapor monitoring ports 
can be fabricated in a 
SEAMIST™ membrane for 
every 3.5 ports in the 
conventional casing 

2 SEAMIST™ system con
sists of four long horizontal 
boreholes with vapor 
monitoring ports; baseline is 
analogous system of soil 
vapor probes 

New technology is not cost 
effective in this case. 
However, new technology 
may be only alternative in 
some cases 

3 SEAMIST™ system con
sists of 10 absorbent 
wicking pads in each of 
twelve 100-ft vertical 
boreholes; baseline is 
system of pressure-suction 
lysimeters placed in corres
ponding locations 

Baseline is three times more 
costly to use. Both systems 
yield same information. 
There are substantial perfor
mance differences between 
systems 

For every ten SEAMIST™ 
absorbent pads can be 
installed and sampled, only 
2.3 lysimeters can be 
installed and sampled. 

4 Four horizontal boreholes 
are drilled under a 
radioactive land disposal pit 
to facilitate moisture 
measurements. A neutron 
logging tool is towed 
through the borehole while 
taking measurements every 
five ft 

The total scenario cost using 
SEAMIST™ is 16% less 
than the total scenario cost 
using conventional casing. 
The significant cost savings 
due to using SEAMIST™ is 
not obvious because the cost 
of the borehole liner is 
overshadowed by the large 
cost to actually drill the 
boreholes. For existing 
b o r e h o l e s , u s i n g 
SEAMIST™ is 44% less 
than conventional casing 

For every one conventional 
casing that can be purchased 
and installed, ten SEA
MIST™ liners can be 
purchased and installed and 
disposed of 

5 Combination of the require
ments of Scenarios 1 and 3: 
sampling for both VOCs and 
pore-fluid contaminants 

When the requirements of 
Scenarios 1 and 3 are 
combined, there is an 
additional cost savings of 
27% over the sum of the 
two separate scenarios. 
This additional cost savings 
means that SEAMIST™ can 
save a total of 74% over the 
sum of the costs of the 
baseline technologies 

See Scenarios 1 and 3 
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Scenario Description* 
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Relative Costs Savings/Percentage 
Baseline vs. SEAMIST 

Twelve 100-ft deep vertical 
boreholes each with 10 VOC 
sampling ports 

Forty VOC sampling 
locations in a shallow VOC-
contaminated site 

Twelve vertical stacked 
sampling arrays 100 feet 
deep each with 10 pore fluid 
sampling points 

Four horizontal boreholes 
underneath a low-level rad 
land disposal pit. Boreholes 
used to facilitate monitoring 
for moisture using a neutron 
logging tool 

Combination of the VOC 
sampling requirements of 
Scenario 1 and the pore fluid 
sampling requirements of 
Scenario 3 

$118k vs. $52k 

$28kvs. $173k 

$272k vs. $84k 

$147k vs. $124k 

$390k vs. $99k 

$66K saved which equals 
56% 

no savings in this case 

$188k saved which equals 
69% 

$23k saved which equals 
16% 

$29 Ik saved which equals 
75% 

* Geologic conditions presumed amenable to drilling and coring with minimal rocks and 
cobbles. 
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series of vertically stacked, analogously placed, pressure-vacuum suction lysimeters. It is 
important to note that in this scenario, sampling for contaminants differs between the two 
alternatives. The cost drivers in this scenario for the SEAMIST™ setup are the membrane and the 
cost of drilling the boreholes. For the baseline, the principal costs are the lysimeters, the lysimeter 
installation, tubing, and in particular, the cost to sample the lysimeters for pore fluid. 

Scenario 4 involves the use of a neutron logging tool to obtain measurements of soil 
moisture under a low-level radioactive land disposal pit. Four horizontal boreholes are drilled 
underneath the land disposal pit. A SEAMIST™ liner is everted in the borehole as the neutron 
logging tool is simultaneously towed through it while taking neutron attenuation measurements at 
5-ft intervals. The baseline consists of permanently casing the boreholes with aluminum and 
similarly towing the logging tool using a pulley system. The cost of the conventional aluminum 
casing is far more than that of the SEAMIST™ liner. 

The final scenario represents a combination of the sampling requirements of Scenarios 1 
and 3. The purpose of Scenario 5 is to demonstrate the economies of scope that can be achieved 
with SEAMIST™ that are not possible with most conventional technologies. The combination of 
vapor sampling ports and absorbent wicking pads in one membrane produces additional savings 
over the sum of the two separate SEAMIST™ system costs. When the two sets of requirements 
are combined, the separate sampling systems can be combined into one membrane. Both sampling 
systems can not be combined for the baseline. This integration capability is by far the most 
advantageous cost and performance advantage of SEAMIST™. 

Cost Savings 
The cost effectiveness of using this new technology was calculated for each scenario. The 

cost data used to calculate the cost effectiveness were based on actual costs or stated prices from 
vendors or on a combination of both. Therefore, no uncertainties were considered for these 
scenarios. The results are summarized in Table 1. For detailed information regarding cost 
estimates, see Henriksen and Booth, 1993. 

Overall, SEAMIST™ was shown to be more cost effective the deeper the contamination 
and the greater the variety of contaminant substances. SEAMIST™ can often be configured to 
perform tasks that require two different conventional technologies. This introduces economies of 
scope which can result in significant cost savings. 

SEAMIST™ is very easy to remove and to dispose of after use. This is in contrast to 
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conventional casing, which can only be abandoned after costly procedures. 
(place TABLE 1 here) 

ONGOING DEVELOPMENTS 
New, stronger fabric materials are continually being developed for use as SEAMIST™ 

membranes. Additional innovative uses for SEAMIST™ include functioning as a conduit liner or 
straddle packer. SEAMIST™ has also been used in obtaining gas permeability measurements, for 
fracture flow mapping, and to measure brine flow. 

CONCLUSIONS 
• SEAMIST™ can save from 16% to 74% of the cost of using conventional 

technologies, depending on the application 

• SEAMIST™ can sometimes perform tasks for which there is no conventional analog 

• In contrast to expensive cased borehole abandonment procedures, discontinuing use of 
SEAMIST™ may consist of removing the sand or disconnecting the air flow and then 
backfilling 

(place Table 2 here) 
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