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INTRODUCTION 

The Dynamic Underground Stripping Project combines 
monitored steam injection and electrical heating to treat 
in situ a gasoline plume resulting from leakage of an 
underground storage tank. A preliminary field 
demonstration of this system was performed at an 
uncontaminated site (Clean Site) a few hundred feet 
away with similar geology to that at the Gasoline Spill 
(GS) area . This paper describes characterization efforts 
at both sites and highlights what we learned at the 
Clean Site that helped us plan our operations more 
effectively at the GS. 

To validate the success of the Dynamic Underground 
Stripping Project, we require a detailed understanding of 
the physical, geological, hydrological, chemical, and 
biological nature of the demonstration sites and how 
these parameters change as a result of the Dynamic 
Stripping processes. The characterization process should 
also provide data to estimate the masses of contaminants 
present and their spatial distribution before and after 
the remedial process to (1) aid in the planning for 
placement of injection and extraction wells, (2) provide 
physical data to develop conceptual models, (3) validate 
subsurface imaging techniques, and (4) confirm 
Tegu\atory compliance. 

METHODS 
Subsurface characterization depends heavily on 

drilled boreholes, which can be expensive; therefore, 
whenever possible, individual wells serve multiple 
functions of characterization, operations, and 
monitoring. Drilling was performed by mud rotary and 
hollow stem auger methods; however, most of the core 
materia] collected for characterization (and all of the 
biological sampleB) were obtained during hollow stem 
auger drilling to minimize contamination from drilling 
fluids. Daring the drilling phase, lithological 
descriptions of continuous core provided detailed 
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understanding of the vertical distribution of the 
lithology. Samples were collected at regular intervals 
according to a predetermined sampling plan. Individual 
sediment samples were obtained by driving steam-
cleaned brass liners into the side of the core using a 
special Teflon adapter and a hammer. The brass liners 
were immediately covered at each end with Teflon tape, 
capped at each end, and wrapped in duct tape. They 
were labeled and stored at £0°C until delivered to the • 
appropriate analytical laboratory. 

Core material retrieved during the drilling 
operations supplied sediment samples for chemical, 
biological, and physical analyses, as well as validation of 
Hthology. Aliquots of sediments were characterized for 
contaminant concentration, bacterial colony-forming 
units (CFU), total microorganism counts, organic 
content, cation exchange capacity, permeability, porosity, 
pH, density, and surface area. Concurrently, 
equilibrium batch isotherms were performed on aliquots 
from the cores to define fuel hydrocarbon sorption. 
Additional cores were analyzed in our pore water 
extraction chamber (PWEC) and bulk thermal desorption 
chamber(BTDC) to determine a depth specific, 
field-based Krf, in order to provide insight into the 
transport of fuel hydrocarbons in the vicinity of the GS.1 

RESULTS AND DISCUSSION 
The characterizatior process resulted in detailed 

depth profiles of the geology, chemistry, biology, and 
contaminant distribution. The generalized vertical 
distribution of lithology for the GS and Clean Site is 
shown in Figure 1. The sediment types in the subsurface 
of these two sites suggest the presence of both high-
energy alluvial fan and low-energy flood plain 
depositional environments.^ Variations between high 
and low permeability sediments exist in all deposit types 
on alluvial fans. The upper 170 ft of these alluvial 
deposits consists of approximately 60% fine-grained 
sediments (clay and silt) and 40% coarse-grained 
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Figure I. Generalized vertical distribution of the LLNL Gasoline Spill area lithology and SNL Clean Site lilho; jgy. 

sediments (sand and gravel), as determined from lilhologic 
logs. 

The intervals targeted for steam injection at the Clean 
Site and GS areas include substantial amounts of highly 
permeable material as determined by visual descriptions of 
the core made during the drilling process. The steam 
interval at the Clean Site was from the 13S- to 155-ft depth. 
This zone appeared to be continuous with a highly perme
able zone at the 125- to 135-fi depth at the GS a few hun
dred feet north. Injcclion of steam is planned for two zones 
at the GS. The upper steam zone (90 to 110 ft) is hydrauli-
cally isolated from the iowcr steam zone (125 to 135 ft) as 
evidenced by pumping tests and static water levels in 
mcnilor wells.* The lower steam zone exhibits excellent 

lateral continuity, as would be anticipated for a sheet-like 
deposit, whereas, the upper steam zone exhibits poorer 
lateral hydraulic continuity based on slug and pumping 
tests.3 We wil l use electrical heating in the intervening 
10-ft confining layer between the two steam zones. 

Hydraulic pump testing over the Clean Site steam zone 
indicated a highly permeable zone with good communica
tion with most of the wells in the vicinity of the injcclion 
and extraction wells (Table I). Chemical and physical 
analyses of sediment material retrieved during the drilling 
operations showed that gravel and sand comprised more 
than 80% of the sediments in the steam injection interval, 
which had high permeabilities relative to the confining 
layers outside the steam zone (Table 2). Samples of ground 



water from the extraction well were collected several limes 
for analysis dunng the steam injection process to investigate 
possible changes in the ground water chemistry. In addi
tion, samples of water coming from the input water supply 
(before entering the boiler) and steam condensate (collected 
after the boiler and just before being pumped into the 
injection well) were also analyzed. The analyses included 
selected minerals, cations, anions, pH, hardness, and spe
cific conductance. The input waters used for sleam produc
tion originate as snow melt runoff at the Helen Hctchy 
Reservoir in the Sierra Nevada mountains where divalent 
cation content is low relative to similar cation concentra
tions in the local ground water. The high specific conduc
tance, pH, and anion concentrations of ihc boiler condensate 
arc most likely due to additions to (he boiler of sodium 
bisulfate and caustic soda (NaOH). Pure steam should be 
relatively ion free and have low specific conductance. 
During the 3-wcck period of steam injection, the cation 
concentration of ground waters from ihe extraction well 
gradually decreased to levels like those of the input waters. 
The specific conductance and hardness also decreased in the 
extracted ground water with time. From this information, 
we can conclude that the steam water was communicating 
with the extraction well as indicated by both chemical and 
temperature data. 

Samples of both soil and water were analyzed for 
benzene, toluene ethylbcnzcnc, xylene (BTEX), total fuel 
hydrocarbons (TFH), and volatile organic compounds 
(VOCs). The absence of detectable contaminant concentra
tions at the Clean Site verified that this was, indeed, a 

Table I. Summary of Clean Site pumping test results. 

Distance from Maximum 
pumped well drawdown 

Well No. (ft) (ft) 
EW-SNL-707 0 20.96 
HW-SNL-002 29 0.13 
HW-SNL-003 56 2.00 
B-750 . 99 1.40 
MW-225 389 0.76 
MW-441 87 1.80 

a Assume average aquifer thickness of 9 ft. 

Table 2. Description of steam zone at Clean Site. 

Gravel/sand 
Lithology (%) 

100-135 Clayey to sandy silt 30.3 
135-I55a Sandy gravel 82.8 
>155 Clayey to sandy silt 36 

"clean site." At the GS. however, concentrations of ben
zene in the soil were found at - 50 ppm, near the suspected 
source, and decreased radially to about - 0.5 ppm at 60-ft 
from die" center of the source (Figure 2). Ground water 
concentrations of benzene were rarely above 10 ppm. Total 
fuel hydrocarbons were an order or two higher in concentra
tion. The highest concentrations were usually found in the 
permeable interval planned for the lower steam zone. 
However, significant amounts of most of the contaminants 
were found between the 80- to 135-fl depths. VOCs were 
also measured in samples below 80 ft, but concentrations 
were usually below 1 ppm in the saturated soil. 

In general, sorption of fuel hydrocarbons, such as 
benzene and toluene, to the organically poor sediments is 
low and is similar to sorption of trichlorocthylcnc deter
mined in an earlier study at the LLNL site2 (Tabic 3). KjS 
are usually below 1 mL/g and correlate well with clay 
content and cation exchange capacity. Spatially derived 
/CjS, determined from the PWEC and BTDC results, were 
similar to those determined from sediments of similar 
lithology by the batch isotherm procedure.4 

Microbiological profiles were established at the Clean 
Site for baseline comparisons with sediments at similar 
depths at the GS. The observed increase in biological 
populations has been assumed to be due to the presence of 
hydrocarbons used as a carbon source by the microorgan
isms (Figure 3). The bacterial (CFU), particularly those 
from the vadose zone, generally decreased as distance 
increased from the hydrocarbon source. Bacteria in the 

Transmissivity 
(gpd/rt) 

Hydraulic 
conductivity (k) 

(cin/scc) a 

Storage 
coeff. 

4.150 0.0217 0.027 

4,340 0.0228 0.018 

4.450 0.0233 0.013 

Silt/clay CEC Permeability 
(%) (meq/IOOg) (cni/s) 

69.6 19.9 6.3 a 10" 7 

17.2 10.6 3.5xlO- 5 

64 16.1 2.2 x I0- 7 

aSlcam /.one. 

3 



Tabic 3. Sorpiion constants (Kjs). 

Site Toluene Benzene TCE PCE 

Clean Site (SNL) 0.51±0.30 0.41i0.25 — ~ 
Gasoline Spill area 0.46±0.29 0.43+0.20 — — 
Detailed Study area — — 0.68±0.33 0.98+0.89 

Note: Dash, not measured. 
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Figure 2. Maximum benzene soil isoconccntration contours, lower steam zone. 
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Figure 3. Lilhology and initial results for bacteria indigenous (o the Gasoline Spill area. 

gasoline plume (emanating from the original gasoline spill) 
reached 107 CFU per gram of dry weight sediment, but 
were rarely found when contaminant concentrations reached 
500 to 1000 mg/kg total petroleum hydrocarbons.2 Addi
tional microbiological results arc being presented separately 
at this conference.* 

In conclusion, the initial characterization studies 
identified the permeable zones at both the Clean Site and 
GS areas and provided contaminant concentration data with 
depth at the GS. This information was used to select areas 
to be targeted for steam injection at both sites and to deter
mine tlic extent of the steam period required u. icmovc the 
contaminants at the GS area. During the steam injection at 
the Clean Site, the steam was largely confined to the desired 
permeable zone and little penetration into the confining 
layers surrounding the steam injection interval was ob
served. The steam injection process has not been performed 

yet at the GS area, but based on our experiences at the Clean 
Site, we can plan more effectively for the application of this 
process. The postcharactcrization phase will elucidate any 
changes in contaminant concentration and hydrology within 
and adjacent to the steam interval, which will aid in cvaluai-
ing the success of the Dynamic Underground Stripping 
Project. In addition, determination of alterations to micro
biological numbers and profiles will help in planning strate
gics for proposed poslbiorcmcdialion activities. 
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