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ABSTRACT 
 

Innovative technologies are needed to prevent the encroachment of seawater 
that threatens the potable groundwater supplies of coastal communities.  MSE, in 
collaboration with the Center for Biofilm Engineering at Montana State University, 
has developed a process for selectively plugging permeable strata with microbial 
biofilm.  These biofilm barriers can aid the prevention of saltwater intrusion by 
reducing the subsurface hydraulic conductivity, thereby enhancing freshwater 
injection control strategies.  These barriers are formed by the subsurface injection of 
bacteria and/or nutrient solutions.  The subsequent growth of the bacterial biofilms 
and production of extracellular polymeric substances (EPS) occludes pore throats in 
the porous matrix, providing significant reductions in the effective hydraulic 
conductivity.  Laboratory studies have demonstrated the effectiveness of biofilm 
barriers for manipulating the hydraulic conductivity of porous media [Cunningham et 
al., 1997, James et al., 2000].  A large-scale demonstration of biofilm barrier 
installation was recently conducted using a test bed constructed at the MSE facility in 
Butte, Montana.  The average hydraulic conductivity in the vicinity of the biofilm 
barrier was reduced from 2.1 x 10-2 to 1.3 x 10-4 cm/sec, a 99.4% decrease.  This 
reduction in hydraulic conductivity has been maintained for over 477 days with 
minimal injections of additional nutrient.  Overall, these results indicate that biofilm 
barriers can be used to manipulate hydraulic conductivity at a field-relevant scale. 

The biofilm barrier demonstration was conducted using a 130 foot wide, 180 
foot long, 20 foot deep test bed (see Figure 1).  The test bed was constructed 
excavating the native soil, installing a PVC liner,as well as influent and effluent flow 
manifolds.  The excavated soil was screened into two fractions, particles greater than 
20 mesh and those less than 20 mesh, prior to back-filling the test cells.  The fine 
material was placed in layers at the top and bottom of the test cell, and the coarse 
material was placed between these two layers.  A flow field was established across the 
test bed by injecting groundwater at the up-gradient end, while simultaneously 
pumping from recovery wells located at the down-gradient end.  The groundwater 
injection/recovery rate was approximately 11 liters per minute, resulting in a 
groundwater velocity of about 0.3 meters per day.  Wells installed in the test cell 
included four-inch diameter wells for biofilm barrier installation, one-inch diameter 
monitoring wells, two-inch diameter pressure monitoring wells, and eight one-inch 
diameter tracer-test wells.  Well locations are shown in figure 1. 
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Figure 1: Test cell and well locations. 
 

Formation of the biofilm barrier was initiated by the introduction of bacteria 
and nutrient solutions to the injection wells located across the center of the test cell.  
Solutions were applied to the test cell using a gravity-fed system with a hydraulic 
head of three to six feet.  Addition of nutrient and bacteria to the test cell was 
conducted for two days.  Subsequent nutrient-only additions were applied to the test 
cells, as indicated in Table 1.  The solution of bacteria consisted of a starved cell 
suspension of Pseudomonas fluorescens sp. CPC211A.  This strain was selected 
based on its growth and copious production of EPS under simulated field conditions.  
The starved cell suspension of CPC211A was produced using a proprietary protocol 
developed by MSE to enhance the transport and survival of bacteria introduced to the 
subsurface.  The nutrient formulation for resuscitation of the starved bacteria included 
a carbohydrate (molasses) as a source of carbon and energy and nitrate as a nitrogen 
source and alternative electron acceptor once oxygen had been depleted from the 
biofilm barrier. 
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Table 1.  Injections of bacteria and or nutrients 

for establishment of the biofilm barrier 
Injection Start 

Date 
Duration 

(days) 
Volume 
Injected 

(cubic meters) 
Initial (bacteria/nutrient) 12/10/99 2.0 247 
Nutrient #1 12/16/99 4.5 175 
Nutrient #2 12/27/99 3.2 148 
Nutrient #3 1/13/00 8.1 125 
Nutrient #4 1/31/00 2.1 76 
Nutrient #5 2/14/00 2.1 76 
Nutrient #6 2/23/00 1.4 76 

 
The vacuum slug test method and SuperSlug  software were used to measure 

values of hydraulic conductivity at various locations within the test cell (Figure 2).  
The average initial hydraulic conductivity, measured from the pressure wells (P1-P6), 
was 2.1 x 10-2 centimeters per second.  By the end of nutrient injection sequence the 
average hydraulic conductivity at the centerline wells had been reduced by 99.4% and 
continued to decrease over the monitoring period.  The hydraulic conductivities 
determined for each well tested are shown in Figure 2.  The hydraulic conductivity 
reductions were greatest in the central to Northern side of the test cell (wells C4-C10).  
These results indicate that there may have been bypass flow on the South side of the 
test cell, where the initial hydraulic conductivity was higher due to the larger sized fill 
used in this area during test cell construction.  Nonetheless, hydraulic conductivity 
was reduced by more than two orders of magnitude throughout the biofilm barrier. 
 

Figure 2: Hydraulic conductivites at the pressure (P) wells before biofilm barrier 
formation and centerline (C) wells after biofilm barrier formation. 
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A detailed economic analysis was performed for the installation of a biofilm 

barrier in a coastal aquifer in the Western United States.  Currently, seawater intrusion 
is controlled at this site using a freshwater injection barrier.  Based on discussions 
with site personnel it was projected the biofilm barrier would reduce the current 
freshwater pumping requirements by at least 50% and allow the use of an interruptible 
water supply.  Installation of the barrier and maintenance over a thirty-year period 
would cost about $5.3 million and would result in decreased water costs of more than 
$1.3 million annually.  Based on current injection water costs, this technology has a 
projected return on investment of over 24% over a thirty-year period.  Additional cost 
considerations, including increased water costs and pumping costs, will greatly 
increase the overall rate of return.  These projections indicate biofilm barrier 
technology may be very economically attractive for enhancing freshwater injection 
barriers. 
 
Overall, the results presented herein demonstrate that an effective biofilm barrier can 
be established at a field-relevant scale.  The main advantages offered by biofilm 
barrier technology are: 1) biofilm barrier construction can be achieved without 
excavation and therefore will be economically attractive at many sites, and 2) there is 
no obvious depth limitation with biofilm barrier technology. Traditional subsurface 
barriers are not usually cost effective at depths over 50 feet.  This technology is 
promising for many applications that require the manipulation of groundwater flow, 
including the control of seawater intrusion into coastal aquifers. 
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