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Abstract

The Membrane-Interface Probe and Hydraulic Profiling Tool (MiHpt) is a direct push probe that includes both the membrane interface
probe (MIP) and hydraulic profiling tool (HPT) sensors. These direct push logging tools were previously operated as separate logging systems
for subsurface investigation in unconsolidated formations. By combining these two probes into one logging system the field operator obtains
useful data about the distribution of both volatile organic contaminants (VOCs) and relative formation permeability in a single boring. MiHpt
logging was conducted at a chlorinated VOC contaminated site in Skuldelev, Denmark, to evaluate performance of the system. Formation cores
and discrete interval slug tests are used to assess use of the HPT and electrical conductivity (EC) logs for lithologic and hydrostratigraphic
interpretation. Results of soil and groundwater sample analyses are compared to the adjacent MiHpt halogen specific detector (XSD) logs to
evaluate performance of the system to define contaminant distribution and relative concentrations for the observed VOCs. Groundwater profile
results at moderate to highly contaminated locations were found to correlate well with the MiHpt-XSD detector responses. In general, soil
sample results corresponded with detector responses. However, the analyses of saturated coarse-grained soils at the site proved to be unreliable
as demonstrated by high RPDs for duplicate samples. The authors believe that this is due to pore water drainage observed from these cores
during sampling. Additionally, a cross section of HPT pressure and MiHpt-XSD detector logs provides insight into local hydrostratigraphy and

formation control on contaminant migration.

Introduction

Determining the spatial distribution of volatile organic
contaminants (VOCs) in heterogeneous unconsolidated for-
mations is a difficult challenge. The growing consensus in
the industry is that high-resolution contaminant distribution
data is one of the critical factors needed to develop a concep-
tual site model and a requirement for the design of effective
remediation systems (EPA 2010, 2011, 2013; ITRC 2010,
2011). An associated factor is the hydrostratigraphic archi-
tecture of the formation being investigated. Through many
years of field experience in the industry and research we
have learned that small-scale changes in hydraulic conduc-
tivity is a very important factor controlling the distribution,
migration, and ultimately the remediation of VOCs and other
contaminants in the subsurface (Sanchez-Vila 1996; Wilson
et al. 1997; EPA 1998; Bright et al. 2002; Schulmeister et al.
2003; Zheng and Gorelick 2003; Bowling et al. 2005; Payne
et al. 2008; Kober et al. 2009; Bohling et al. 2012; Devlin
et al. 2012).

Direct push (DP) logging of soils and unconsolidated
formations formally began with cone penetration testing
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(CPT) for geotechnical site characterization in the 1930s
(Lunne et al. 1997). Over the last 25 years DP technology
has provided several new tools and methods for sampling
and logging that have helped improve geo-environmental
site characterization quality and resolution (Christy and
Spradlin 1992; McCall et al. 2006). A percussion driven
electrical conductivity (EC) logging probe and system was
introduced in 1994 (Christy et al. 1994). This probe is pri-
marily used for inferring lithology based on the bulk EC of
the unconsolidated material penetrated (Schulmeister et al.
2003, 2004; Wilson et al. 2005), but it also provides qualita-
tive information on permeability. The membrane interface
probe (MIP) was introduced in 1996 as a tool for the inves-
tigation of the distribution of VOCs (Christy 1996). The
MIP system has been widely used to investigate releases
of petroleum hydrocarbons (e.g., gasoline) and chlori-
nated VOCs such as trichloroethylene (TCE) and perchlo-
roethylene (PCE) (Costanza and Davis 2000; Griffin and
Watson 2002; McAndrews et al. 2003; McCall et al. 2006;
Ravella et al. 2007; Considine and Robbat 2008; Bronders
et al. 2009; Kurup 2009; Bumberger et al. 2011). The MIP
probe has a semi-permeable membrane that is heated to
approximately 100 °C. The membrane allows VOCs to
diffuse from the formation into a carrier gas stream flow-
ing behind the membrane. The carrier gas is transported
through a trunk line to gas phase detectors mounted in a
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gas chromatograph (GC) at the surface. The detectors pro-
vide total VOC detection without analyte specificity. The
detectors most commonly used with the MIP system are the
photo-ionization detector (PID), flame ionization detector
(FID), halogen specific detector (XSD), and electron cap-
ture detector (ECD). The MIP probe also includes an EC
array to help with definition of formation lithology. The
MIP probe is usually advanced in 30-cm increments with
approximately 1- min resident time at each depth interval to
allow volatiles in the formation to diffuse across the mem-
brane and flow up the transfer line to the GC. The MIP
system provides logs of total VOC contamination at the
selected advancement increment and bulk formation EC at
the centimeter scale.

The hydraulic profiling tool (HPT) was later developed
to provide logs of relative formation permeability (Geoprobe
2006a, 2007; Kober et al. 2009), and estimates of hydrau-
lic conductivity (McCall and Christy 2010; McCall 2010,
2011) at centimeter-scale resolution. The HPT system pro-
vides information about changes in formation permeability
by measuring the pressure required to inject small volumes
of water into unconsolidated formations (Geoprobe 2006a,
2007). Water is injected at a flow rate of about 300 mL/min
into the formation through a small screen mounted on the
side of the probe as the tool is advanced at the rate of 2 cm/s.
A down-hole transducer measures the pressure required to
inject water into the formation as the probe is advanced
while an up-hole flow meter monitors the flow rate. The
HPT probe includes an EC array to simultaneously provide
measurements of bulk formation EC. The HPT system pro-
vides logs of pressure, flow, and EC in real time as the tool
is advanced.

Until recently MIP logs for VOC contamination and
HPT logs to assess formation permeability were obtained
with separate probes in two separate logging runs. In the
years 2011 to 2012 Geoprobe® combined the MIP and
HPT probes into a single Membrane-Interface Probe and
Hydraulic Profiling Tool (MiHpt) probe (Figure 1) that is
also equipped with an EC dipole array. The MiHpt system
simultaneously provides logs of total VOC contamination
for up to four GC detectors, HPT pressure and flow rate, as
well as bulk formation EC. The logs are viewed real-time
on a computer screen as the probe is advanced and the data
are stored.

The purpose of this work was to field test the MiHpt
system in Skuldelev, Denmark. This site is underlain
by glacial to late glacial deposits consisting of silts and
clays to sand and gravel with sporadic cobbles and boul-
ders underlain by glacial till. The site is contaminated
with PCE, TCE, and their degradation products (NIRAS
A/S 2010, 2012). Soil and groundwater were sampled at
selected log locations and depths and submitted for labora-
tory analysis. Results of the sample analyses are compared
to the adjacent MiHpt XSD detector logs to evaluate per-
formance of the system to define contaminant distribution
and relative concentrations. The HPT pressure, EC, and
estimated hydraulic conductivity logs are compared to soil
cores and slug tests at selected locations to evaluate the
performance of the system to assess lithology and relative
permeability.
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Figure 1. The MiHpt probe body is 520 mm (20.5 inches) long
and about 45 mm (1.75 inches) in diameter. The heater block
at the MIP membrane is heated to 100 °C to enhance VOC dif-
fusion from the formation across the membrane.

Equipment and Methods

MiHpt System

The MiHpt system is a combination of the mem-
brane interface probe (MIP) and HPT as described above.
Appropriate operating procedures and guidance were fol-
lowed at all times as the MiHpt logs were obtained for this
study (Geoprobe 2007, 2009; ASTM 2007a). The primary
up-hole components of the system used in this study are
shown in Figure S1. The Model MP6507 MIP Controller
(Geoprobe Systems, Salina, Kansas) regulates gas flow to
and the temperature of the MiHpt probe. The MIP controller
also has inputs for up to four gas phase detectors (Geoprobe
2004); three were used with the system in Skuldelev. These
included a PID, an FID, and an XSD that were operated
from an SRI Model 310c GC (SRI Instruments, Torrance,
California). The K6303 Series HPT Flow Module (Geoprobe
Systems, Salina, Kansas) contains a metering pump that
provided flow via trunk line to the HPT injection port at O to
500 mL/min. Flow rate was controlled by the metering pump
and digitally monitored for the log. Both the HPT and MIP
controllers were connected to the FI6003 Data Acquisition
System (Geoprobe Systems, Salina, Kansas) for operation
in the field. This field instrument received input from the
controllers and the probe and provided digital output to a
laptop computer. The Direct Image (DI) Acquisition® soft-
ware (Geoprobe Systems, Salina, Kansas) displayed the
MIP detector response, HPT pressure and flow as well as
the EC log onscreen vs. depth, as the probe was advanced.
The data were saved to file for later review and reporting.
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Prior to each log, quality assurance (QA) tests were per-
formed on the MiHpt probe and system according to manufac-
turer and ASTM specifications (Geoprobe 2007, 2009; ASTM
2007a). The QA tests were performed to verify the system
was providing appropriate detector responses for contaminant
concentration, accurate HPT pressure, and EC measurements.
Data from all of the QA tests were saved in an information file
that was stored with the respective MiHpt log file.

The MiHpt probe was advanced with a probe machine
using both static push and percussion hammer, as needed.
The MiHpt probe was typically advanced at 2 cm/s over
30-cm increments and then stopped for about 45 s to allow
for contaminant diffusion across the membrane and for the
MIP carrier gas to flow from the probe to the GC detec-
tors at the surface (carrier gas trip time). At desired depths
probe advancement was stopped, the HPT water flow was
turned off and a pressure dissipation test was performed to
determine the local piezometric pressure. Dissipation tests
were run for each log at selected depths of interest below the
water table. After each log was completed the HPT pressure
and HPT flow rate were used to calculate a log of estimated
hydraulic conductivity (Est. K) using the DI Viewer® soft-
ware. The Est. K calculation is based on a simple empirical
model (McCall and Christy 2010; McCall 2010, 2011),

Est. K=21.14 X 1n (%)—41.71, (1)

C

where Q is the HPT flow rate and P_ the corrected HPT
pressure at each depth increment.

Soil and Groundwater Sampling and Analysis

Before samples were collected at a location, replicate MiHpt
logs were conducted to verify that contaminant concentrations
did not vary significantly in the area to be studied (Figure S2a).
The depth intervals for sampling soil and groundwater were

selected not only based on detector responses, but also on the
HPT pressure and the EC log. Soil cores generally were taken
continuously across the zone of indicated contamination, often
extending above and below the zone where feasible to assess
the range of detector responses observed with the MiHpt detec-
tors. Soil cores were collected with the DT325 dual tube system
(Figure S2b) (ASTM 2007b; Geoprobe 2011a; NIRAS 2012;
McCall 2012). En Core® tools (En Novative Technologies,
Inc.) were used to collect 25-g sub samples. The sub samples
were immediately transferred to sample vials (Figure S2c) and
transported daily to the laboratory for analysis. After VOC
subsampling was completed the PVC sample liners were cut
longitudinally for lithologic logging.

MIP detector responses, HPT pressure, and EC responses
were examined to select screen intervals for groundwater
sampling. SP16 groundwater sampling tools (Geoprobe
2006b; ASTM 2007¢) were installed at the selected locations
and screens were set over the desired intervals. The screen
intervals were typically 30 cm long to provide discrete inter-
val groundwater samples for VOCs. Once the screens were
set they were surged and purged with a simple check valve
(Geoprobe PN GW4210) for development. After purging 10
to 20 L for development a model MB470 mechanical blad-
der pump (McCall 2005; Geoprobe 2011b) was installed to
perform purging and water quality monitoring (Figure S2d),
followed by low flow sampling (ASTM 2007d). Water qual-
ity parameters (temperature, pH, specific conductance, dis-
solved oxygen [DO], oxidation reduction potential [ORP])
were monitored in a closed flow cell until parameters stabi-
lized. Periodically, turbidity was monitored with an Oakton
model T100 turbidity meter. At most locations turbidity was
below 20 NTU before groundwater sampling for VOCs was
conducted. Once water quality had stabilized groundwater
was collected directly into 40-mL volatile organic analysis
(VOA) vials.
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Figure 2. Site location map for Skuldelev, Denmark, and site map with log-sample locations.
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All laboratory analyses for chlorinated VOCs were per-
formed using gas chromatography-mass spectrometry. All
sample holding times were met and all laboratory QA proto-
cols were achieved as defined by method SW846 5035A for
soils and method SW846 8260B for water samples (http://
www.epa.gov/osw/hazard/testmethods/sw846/online/). All
samples were analyzed at the Milana A/S laboratory (www.
milana.dk).

Results and Discussion

Field work was conducted at Skuldelev in coordination
with NIRAS A/S and the Environmental Department of the
Capital Region of Denmark during October, 2011 (McCall

2012; NIRAS 2012). After review of existing site information
(NIRAS A/S 2010) the field team set up and ran a transect
of MiHpt logs across the site (Figure 2). Analyses of soil
(Table S1) and groundwater (Table S2) samples from the
site identified PCE, TCE, cis-1, 2-dichloroethene (c-DCE),
trans-1, 2-dichloroethene (t-DCE), and vinyl chloride (VC)
as the primary contaminants. The following sections discuss
log and sample results at the site and assess performance of
the MiHpt system relative to the sample results.

Lithology and Permeability

The HPT pressure log along with injection flow rate and
EC are used to assess lithology and relative formation per-
meability from MiHpt logs (Figure 3). The total pressure
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Figure 3. The SK12 log (A) displaying parameters used to correct the raw HPT pressure and calculate the estimated hydraulic
conductivity (Est. K) log. Dissipation test (B) conducted at elevation of 3 m to establish local hydrostatic/piezometric pressure.
HPT pressure = purple; absolute hydrostatic pressure = med. Blue; corrected HPT pressure = orange; HPT flow = blue dash; Est.

K = light blue; slug test K = red box.
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measured when an MiHpt log is run includes three basic
components: the atmospheric pressure, the hydrostatic pres-
sure (when the probe is below the water table), and the
pressure required to inject water into the formation matrix.
The HPT QA test run prior to each log gives the ambient
atmospheric pressure measured by the transducer. Once
the probe is below the water table, advancement is halted
and a pressure dissipation test is conducted (Figure 3b).
Dissipation tests are usually conducted in low pressure
(coarse grained) formations so that pressure dissipation
is quick and an accurate measure of the local hydrostatic
(piezometric) pressure at that depth is obtained. Given the
atmospheric pressure, the hydrostatic pressure at a known
depth and the hydrostatic pressure gradient (2.31 ft/psi or
9.81 kPa/m) the Direct Image (DI) Viewer® software will
calculate the absolute hydrostatic pressure line and plot it
on the pressure log. The absolute hydrostatic pressure and
atmospheric pressure may then be subtracted from the total
HPT pressure to give the corrected HPT pressure. The cor-
rected HPT pressure is the pressure required to inject water
into the formation matrix at the given flow rate. This cor-
rected pressure provides a good measure of relative perme-
ability, with lower pressure indicating higher permeability
and vice versa. Equation 1 is used to calculate Est. K at each
depth interval (Figure 3). After groundwater was sampled
at four depth intervals at the SK12 location pneumatic slug
tests were run to determine the hydraulic conductivity over
each screen interval. Results of the slug tests are plotted
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at depth along the Est. K log and generally agree with the
estimated K values (Figure 3).

At the SK04 location the EC value for the three replicate
logs is generally low (<50 mS/m) down the entire log with
only small variations in response (Figure 4). Apparently,
the EC logs here do not give any clear indication of forma-
tion lithologic changes with depth as described by Sellwood
et al. (2005). However, the corresponding HPT pressure logs
display more variability and all three replicate logs show a
clear pressure increase below —1.8 m elevation. The SK04
lithologic log indicates a transition to clay till at an eleva-
tion of about —2.0 m at this location. It is evident that in this
case, the clay till results in an increase in the HPT pressure,
but has very little influence on the EC reading.

Again at the SKO5 location (Figure 4) EC is gener-
ally below 50 mS/m down to an elevation of about —1.5 m.
Between about —1.5 and —2.5 m elevation there is a distinct
increase in EC to just over 200 mS/m, and then decrease back
to around 50 mS/m. The increase in EC begins about 0.5 m
before the HPT pressure increases suggesting a possible EC
anomaly. Stabilized measurements of specific conductance
in water samples collected at multiple depths at the SK05
location reveal an increase in specific conductance as the
EC anomaly is approached (Figure 4). Persulfate injections
had been conducted upgradient of this location (Figure 2)
and sampling in nearby wells showed elevated levels of per-
sulfate and elevated specific conductance (NIRAS 2012).
The background log at SK04 together with this information
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Figure 4. Comparing lithologic logs based on soil cores to EC and HPT Pressure logs at the SK04 and SKO05 locations. Three logs
run at both locations about 1.5 m apart to assess variability. MSL = mean sea level; NTU = nephelometric turbidity units; uS =
microSiemen; Sp Cnd = specific conductance of the groundwater; Y-B = yellow to brown, suggesting oxidized; kPa = KkiloPascal.
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on persulfate indicates the elevated EC at this and other
log locations are the result of persulfate in the aquifer, not
increased clay content. The increase in HPT pressure below
an elevation of about —2.0 m at SKO5 correlates well with
the clay till observed in the soil cores. Comparison of the
lithologic logs to the HPT pressure logs reveals generally
good correlation between the two methods. Because of the
low EC of the clay till at this site, and the persulfate anoma-
lies, EC does not provide a good discriminator between the
coarse grained and fine grained members of this formation;
however, HPT pressure does.

Contaminant Distributions by MiHpt-XSD, Soil,
and Groundwater Sampling

The XSD is sensitive to halogenated compounds and
so was used to assess the relative concentration levels and
distribution of PCE and its degradation products at the field
site (Figure 5).

Relatively low MiHpt-XSD responses (<8 x 10*uV) were
observed at the SK09 location (Figure 5). Detector peaks
were observed primarily in fine grained (higher HPT pres-
sure) zones of the formation while detector baseline (about
3 x 10* uV) was observed across most of the coarse grained
(low HPT pressure) zones in the formation. Soil sample
results for total VOCs range from non-detect up to 116 pg/
kg while groundwater samples range between about 145 and
325 pg/L at SKO9 (Tables S1 and S2; Figure 5). The bulk
of the contaminant observed in the groundwater here was

VC, conversely the soil samples were all non-detect for this
compound. The low detector response between elevations
of 2 and —1 m indicates the MiHpt-XSD detector system
did not respond well to the lower levels of the mono- and
di-chlorinated X-VOCs in the saturated sandy zones of the
formation.

The MiHpt-XSD log at the SKOS location (Figure 5)
displays strong detector response (>2 x 10° uV) between
elevations of 2 and —1 m in the formation. This corresponds
to the saturated sandy zone of the formation (low HPT pres-
sure). Soil samples collected at this location range from non-
detect to just over 15 mg/kg total X-VOCs (Table S1). While
higher soil concentrations occur within the zone of elevated
XSD response there is a lot of variability in soil sample con-
centrations. Groundwater was sampled at 6 depth intervals
at this location with maximum concentration just over 70
mg/L total X-VOCs (Table S2). The concentration trend of
the groundwater sample results closely resembles the zone
of contamination defined by the MiHpt-XSD detector log
(Figure 5), but is shifted slightly higher in the formation.

MiHpt-XSD detector responses at the SK12 location
(Figure 5) are high (up to 8 x 10° uV) in the fine grained
(higher HPT pressure) zone of the formation which is below
an elevation of about 1.8 m. Again the soil samples exhibit
a lot of variability in X-VOC concentration across the zone
of elevated detector response (Table S1) but are generally
higher where the detector response is elevated. Groundwater
samples were collected at six depth intervals at this location.
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The trend in groundwater total X-VOC concentrations gener-
ally mimics the trend defined by the XSD detector response.
Again the MiHpt-XSD detector response is slightly shifted
to lower elevation relative to the groundwater results.

Overall, the groundwater sample concentrations and
distributions correspond well with the XSD detector logs.
Increasing sample concentrations corresponding with
increasing detector signal and vice versa. There is an apparent
downward shift in the MiHpt-XSD system response relative
to the groundwater sample results for total X-VOCs at both
the SKO5 and SK12 locations. An increasing analyte trip
time from the membrane to the detector as the log was run,
as compared to the trip time measured in the pre-log response
test, may cause a downward shift in the XSD log relative to
the groundwater sample results. Alternately, development
and purging (10+ L) in the short screened piezometers prior
to groundwater sampling will decrease the head pressure
at the screen. This may have pulled water with higher con-
tamination into the sampler from below the screen interval,
resulting in elevated groundwater results for the given inter-
val. Further research will be required to confirm the cause
of the small vertical shift observed between the groundwater
data and XSD log data.

Implications of Field Duplicate and Replicate Sample
Results

Groundwater duplicate samples had low relative per-
cent differences (RPDs) (Table S3, Figure S3) and dis-
played good correspondence with the adjacent MiHpt-XSD

log response (Figure 5), indicating the logs provided a
good representation of contaminant level and distribution.
Conversely, soil sample results at the same locations and
similar depth intervals displayed significant variability and
weak correspondence with the groundwater samples and
MiHpt-XSD logs (Figure 5; Tables Sland S2). Eight of
seventeen soil duplicate and replicate sample RPDs were
greater than 100% (Table S3; Figure S3). Additionally,
while all groundwater samples contained VC soil samples
from adjacent borings and similar depths were consistently
non-detect for this compound (Table S2), demonstrating
the loss of VOCs from the soil samples. During field work
movement of water through and loss of water from satu-
rated coarse grained samples was observed repeatedly dur-
ing the soil sampling and subsampling process and may
have been responsible for much of the variability seen in
the soil analytical results. Because of these factors correla-
tion between soil sample VOC results and MiHpt detector
logs were poor at this site. Furthermore, similar conditions
at other sites may impact the correlation of soil sample
results with MiHpt detector logs. (Additional information
regarding duplicate and replicate sampling and results is
provided in the Supporting Information.)

Integrating Log Data for Interpretation

Reviewing logs with all of the primary data enables
the investigator to easily observe the subsurface conditions
(Figure 6). Low EC and low HPT pressure observed down
to an elevation of about —2 m at SKOS5 indicates that the
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Figure 6. MiHpt log from the SKO05 location displaying primary log parameters. Left to right: EC, HPT pressure with hydrostatic
profile, XSD, and estimated hydraulic conductivity (Est. K). Elevation reference is mean seal level.
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formation is primarily coarse grained with a static water top of the clay till (increased pressure) in each log. On the

level at about 4 m elevation. Below about —2 m elevation, basis of core sample information and the HPT pressure logs
increased HPT pressure indicates that a fine grained/lower it is apparent that this line corresponds to a paleo-erosion
permeability material is encountered (clay till). The increase surface in the underlying clay till probably cut by a late gla-
in EC starting above the increase in HPT pressure suggests cial stream. This old erosion surface appears to form a small
the presence of an ionic contaminant (in this case injected paleo-valley which is now filled with sand and gravel (low
persulfate remediation fluid). The XSD detector defines a HPT pressure) deposited later, possibly glacial outwash.
zone of X-VOC contamination between about 2.5 to 1.0 m Looking at the MiHpt-XSD log responses on the cross
of elevation. Looking at the HPT pressure and Esz. K log section (Figure 7) it is apparent that there are two separate
reveals that the majority of the contaminant mass is located hot spots of X-VOC contamination delineated by the logs.
in the permeable coarse grained zone of the formation One of the hot spots occurs around logs SKO5 and SKO7
where hydraulic conductivity is near 20 m/d. Therefore, at near the center of the transect. Here the X-VOC contamina-
this location the contaminant mass is located in a very effec- tion is present primarily in the low HPT pressure, coarse
tive migration pathway. grained materials (sands and gravels). Along the west end
of the transect at logs SK11 and SK12 the contamination
Example of Site Interpretation Using an MiHpt Log Cross appears to be present primarily in the fine grained clay till
Section material and almost absent in the overlying sands and grav-
A simple two-dimensional cross section of the logs els. The origin of these two X-VOC hot spots is quite differ-
at the Skuldelev field site (Figure 7) is based on the HPT ent and helps to explain why the contaminants are associated
pressure and MiHpt-XSD detector responses (shaded). with very different lithology. A review of site information
Comparison of core samples to HPT pressure logs demon- (NIRAS 2010) found that the hot spot at SK05 and SKO07 is
strated that increased pressure at depth correlates with the a transect across the groundwater plume flowing from the
clay till underlying the site. Looking at the HPT pressure source area and migrating down gradient via groundwater
logs across the section it is apparent that the depth to the top flow (Figure 2). Conversely, the hot spot at the west end
of the clay till (higher pressure) varies from an elevation of of the transect at SK12 originated from a sewer leak after
about 1 m at the SKO1 log to about —2 m at the SKO5 log. solvents were disposed of in the wastewater sewer at the
A green dotted line is drawn on the cross section along the facility. Also note, the groundwater VOC plume appears to
Facing South
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Figure 7. Simple two-dimensional cross section at the Skuldelev site, elevation reference is mean sea level. MiHpt logs were run in
a general E-W line across the site (see Figure 2 for log and transect locations). HPT pressure (black dashed lines), XSD detector
response (red lines with blue fill), the green dashed line traces the top of the clay till based on HPT pressure. Spacing between logs
is approximately 8 m.
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be migrating along the buried stream valley defined by the
HPT pressure logs.

Summary and Conclusions

The MiHpt-XSD detector system was effective at deter-
mining the general distribution and relative concentrations
of the X-VOC contaminants at Skuldelev. The contaminant
distribution as defined by the groundwater samples was very
similar to the plume as defined by the MiHpt-XSD detector
logs. However, the groundwater plume was shifted slightly
higher in the formation relative to the plume defined by the
MiHpt-XSD detector logs. This may be the result of a delay
in response to the MiHpt-XSD detector system, possibly
resulting from a low trip-time value or decreasing flow rate
for the carrier gas as the log was run. Further investigation
will be required to confirm the cause of the small detector
log shift and define a corrective measure.

While groundwater samples corresponded well to
MiHpt-XSD detector results, soil sample results were found
to vary significantly at the same location and similar depth
intervals. Field observations (drainage of pore water) and
assessment of duplicate and replicate samples indicate that
soil sampling for VOCs often suffers from several inherent
limitations (heterogeneity, loss of VOCs, etc.) and analytical
results may not be reliable for comparison to MiHpt-XSD
logs under some field conditions.

Groundwater samples collected adjacent to a non-detect
MiHpt-XSD log were found to contain VC and DCE in the
100 to 300 ug/L concentration range. This indicates that the
current MiHpt-XSD system has difficulty detecting these
analytes in this concentration range in the saturated coarse
grained formation investigated. Development of a low-level
MIP system is underway at this time and should lower
detection levels for the MIP system by a factor of 3x to
10x depending on the specific contaminant and formation
conditions.

At Skuldelev the clay till unexpectedly exhibited low
EC similar to that observed in the adjacent sands and grav-
els. Due to this the EC logs could not clearly distinguish
between the coarse and fine grained facies of the local for-
mation. The HPT pressure logs clearly defined the difference
in permeability between the clay till (high HPT pressure)
and coarse-grained sediments (low HPT pressure). The HPT
pressure response was confirmed with soil coring at selected
locations and discrete interval slug testing at one location.

A simple two-dimensional cross section was constructed
with the MiHpt-XSD detector logs and pressure logs. The
cross section was useful in understanding contaminant dis-
tribution and the influence of the local hydrostratigraphy on
contaminant migration. Several years of previous investiga-
tion at the site had not determined what was controlling the
migration path of the groundwater plume. The transect of
MiHpt pressure logs revealed a buried stream valley cut in
the clay till underlying the site, along which the groundwa-
ter X-VOC plume is migrating.

Overall, the MiHpt detector logs proved useful in defin-
ing contaminant distribution and levels while the HPT pres-
sure logs defined lithologic changes and hydrostratigraphic
architecture that are important in understanding contaminant

NGWA.org

migration. The study results indicate that the high-resolu-
tion data from the MiHpt logs provide a powerful tool for
defining an accurate site conceptual model and should prove
valuable when developing a remediation strategy.
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