
1 INTRODUCTION  

The successful characterization of environmental sites where transport of contami-
nants occurs with groundwater flow requires a thorough analysis of the physical cha-
racteristics of the subsurface.  The CPT piezocone tool provides data which can be 
used to indicate the relative permeability of soils through which fluids travel.  Pore 
pressure data and pore pressure dissipation tests provide an understanding of 
groundwater levels which profoundly affect the distribution of pollutants in both the 
separate- and dissolved-phases.  By comparing this data from location to location 
over a broad area, an effective hydrostratigraphic model can rapidly be developed to 
identify potential pollutant transport pathways and reveal controls on distribution.  
Yet, this is only a part of the characterization task.  The other critical need is to iden-
tify the nature, extent, and concentration of the pollutant itself.  The Ultra-Violet Opt-
ical Screening Technology (UVOST) tool addresses this need for petroleum hydro-
carbon sites by measuring the relative concentration and general hydrocarbon type 
based on the fluorescent response of subsurface fluids to in-situ irradiation by ultra-
violet light.  Ultimately, the location, type, and concentration of hydrocarbons is inte-

Use of CPT-UVOST to characterize disparate 
hydrocarbon plumes in a heterogeneous environment 

C. S. Laber 
The Source Group, Incorporated, Thousand Oaks, California, U.S.A.    

ABSTRACT: There are many challenges faced when characterizing the hydrogeolog-
ic and environmental conditions at large petroleum facilities.  These include multiple 
contaminant sources, contaminant types, and wide investigation areas.  By applying 
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pidly characterize multiple contaminant sources and determine the lateral extent of 
environmental impacts while simultaneously identifying target remedial testing areas 
at a large facility located in a geologically complex environment.  The advantage of 
using CPT-UVOST in the reconnaissance phase of assessment was demonstrated by 
the ability to simultaneously characterize the pollutants and their transport pathways 
over a broad area thereby reducing the time needed to implement appropriate remedi-
al action.  It also provided the rationale to focus successive assessment and remedia-
tion effort on source areas rather than downgradient areas.  By integrating CPT-
UVOST with traditional methods, a significant costs savings was realized.   
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grated with the hydrostratigraphic model and used to develop monitoring and/or re-
mediation strategies. 

This project demonstrates the successful application of CPT-UVOST to the cha-
racterization of environmental conditions at a large petroleum refining facility where 
the pollutants were poorly understood and their subsurface transport pathways were 
previously unknown.  The study had three main goals.  First, rapidly characterize the 
subsurface conditions in accessible areas in a short period of time at minimum cost.  
Second, prioritize successive work areas based on the results of the initial characteri-
zation.  Third, characterize the conditions in the potential source area to a degree suf-
ficient to support reasonable remedial strategy development.  An adaptive data acqui-
sition approach was developed in accordance with ASTM Designation E1912.   

2 INITIAL RECONNAISSANCE PHASE 

2.1 General Description of Project Area 

Due to the sensitive nature of the project, a limited amount of information can be 
provided on the study area.  The anonymous petroleum refining site is located in an 
urban-industrial area on a geologically- young (Plio-Pleistocene-age), tectonically ac-
tive coastal plain surrounded by uplifted siliceous crystalline rock.  Although the 
coastal plain is relatively narrow (less than 15 miles wide), sediment accumulation 
has been relatively rapid due to the proximity of sediment source areas.  The sedi-
mentary package is 500 to 600m thick and materials range from clay to gravel-size.  
Most sediments within project vicinity are believed to have been deposited in fluvial 
and/or shallow-marine/intertidal environments.  Although the sediments at the depths 
investigated (less than 20m below ground surface) are generally flat-lying, considera-
ble variability in grain size and physical properties occur within short distances.  This 
geologic heterogeneity is due to the proximity of the study area to the sediment 
source areas and the highly variable depositional processes. 

2.2 Reconnaissance Phase Study Design 

Prior to implementing the initial phase of work, the study area was divided into 
four subareas and prioritized based on the known or suspected environmental recep-
tors (Figure 1).  Area 3 was chosen for the initial phase since it held the most sensi-
tive human and environmental receptors.  Area 1 was given the second priority since 
it was likely the source area for at least a significant portion of the plume mass.  
Areas 2 and 4 were given lowest priority due to limited accessibility and lack of sen-
sitive receptors.   

In order to adequately evaluate the ten acres of Area 3, a rectangular sampling grid 
was developed with 12 soundings located at an approximate spacing of approximate-
ly 30m and a total cumulative depth of investigation of approximately 20m.  A great-
er number of sample locations were installed closer to the refining facility with the 
goal of defining likely transport pathways between the facility and the potential 
downgradient receptors.  The presumed transport pathway was migration with re-
gional groundwater flow.   
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Figure 1.  Project Map 

The goals and data objectives for the initial reconnaissance phase were: 

1.   Develop a conceptual lithologic model in the field based on the generalized 
CPT soil classification charts developed by Robertson (1990).  The supporting 
data was derived from piezocone data collected in accordance with ASTM 
Designation D5778-95.   

2.   Develop a hydrostratigraphic model in the field that identified whether one or 
more water-bearing zones existed in the study area based on pore pressure 
dissipation test results.   

3.   Identify the type, concentration, and location of high concentrations of petro-
leum hydrocarbons.  Qualitative hydrocarbon concentrations would be de-
rived from the ultraviolet response measured by the Dakota Technologies 
UVOST tool.  Default hydrocarbon speciation developed by Dakota Technol-
ogies would be used to interpret different hydrocarbon types.   

4.   Integrate the hydrostratigraphic model and the hydrocarbon data to identify 
zones of likely contaminant transport.  Once the pathways were identified, de-
sign a discrete-depth groundwater sampling grid to characterize subsurface 
conditions.  Where no non-aqueous phase liquid (NAPL) was found, the sam-
ples were analyzed for dissolved volatile organic compounds (VOCs) and pe-
troleum hydrocarbons in a mobile laboratory using agency-approved methods.  

  2nd International Symposium on Cone Penetration Testing, Huntington Beach, CA, USA, May 2010



2.3 Reconnaissance Phase Results 

The results of the initial field study satisfied each of the intended goals and objec-
tives for the program.  The piezocone data supported the development of a hydrostra-
tigraphic model that consisted of 4 different layers:  Layer 1: a shallow unsaturated 
zone consisting of sand and silt soil behavior types (SBTs); Layer 2: an unsaturated 
semi-confining zone that consisted of interbedded silt and clay SBTs, Layer 3: a sin-
gle saturated water bearing zone consisting of sand and silty sand SBTs interbedded 
with discontinuous silty SBTs; and Layer 4: a deep low-permeability zone that likely 
vertically separates Layer 3 from underlying regional aquifers believed to exist at ap-
proximately 35m (Figure 2).  Pore pressure dissipation test results indicated that ap-
proximated phreatic surface relative to mean sea level was similar at each of the 
depths and locations tested 14.35m MSL +/- 0.12m.  They also indicated that there 
was likely only one water-bearing zone within the depth range evaluated.  Lastly, 
they indicated that the silt/clay materials lying above the water-bearing zone were 
acting as a semi-confining layer under the current high groundwater conditions.   

The UVOST data indicated there were literally no occurrences of significantly 
elevated fluorescence above background concentrations at any sounding location.  
The highest values observed were less than 2% of the reference fluid response (diesel 
fuel) and these occurred at four locations in the eastern portion of the grid.  Although 
these values were far lower than was originally anticipated, they were used as the ba-
sis for the development of a depth-discrete groundwater sampling grid.  Groundwater 
samples were collected from depths corresponding to the elevated UVOST responses 
and at other depths and locations where the conceptual hydrostratigraphic model sug-
gested higher relative permeability exist.  These samples corroborated the low 
UVOST response and indicated only low concentrations of dissolved hydrocarbons.  
As predicted by the UVOST response, no NAPL was observed in the samples. 

2.4 Significance of Reconnaissance Phase Results 

The ability of the CPT-UVOST to capture large of amounts of detailed data in a 
very short period of time profoundly influenced both the technical and financial di-
rection of the project.  Initially, it was anticipated that much of the project would be 
focused on characterizing all of Area 3.  The results of the Reconnaissance Phase 
demonstrated much of this effort would be unnecessary since the observed concentra-
tions were relatively low and nearly sufficient monitoring was in place for the upper 
portion of Layer 3.  The results also revealed a profound absence of monitoring for 
the deeper portion of Layer 3.  Prior to the Reconnaissance effort, there was no moni-
toring of this portion of Layer 3, nor any recognition that it represented a potential 
contaminant transport pathway.  This monitoring gap is critical because it represents 
the last sentinel monitoring or remedial opportunity between the shallow impacted 
water bearing zone and the broader regional aquifer.  Thus, the study revealed that fu-
ture monitoring and possibly remedial activities would have to more closely consider 
the three-dimensional transport of contaminants.   
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Figure 2.  Conceptual model developed in Reconnaissance Area and applied to source 
area with interpreted hydrocarbon concentrations and types. 

Initially it was believed that considerable financial resources would be committed 
to characterizing conditions in Area 3 through classic drill and sample methods.  
Once the potential threat to receptors was determined to be minimal, project re-
sources were redirected towards characterization of conditions in Area 1.  Rather than 
the weeks that would normally have been required to reach these conclusions had on-
ly conventional techniques been used, they were reached over the course of several 
days.  The use of the CPT-UVOST coupled with limited verification sampling likely 
resulted in at least a 50% cost reduction for characterization efforts in Area 3.   

3 SOURCE AREA CHARACTERIZATION PHASE 

3.1 Source Area Characterization Study Design 

 Historic assessment activities suggested the bulk of the contaminant mass likely 
resided in a 4 acre region near the center of Area 1.  Much like the reconnaissance 
study, an adaptive sampling grid was developed across the 4-acre area.  Ten locations 
were planned with additional locations to be added if the initial soundings failed to 
adequately characterize conditions.  The goals for the source area characterization 
study were:  

1.   Determine whether the conceptual model developed in Area 3 was applica-
ble to Area 1.  Verify the anticipated soil properties through sampling with 
traditional drill and sample methods. 

2.   If possible determine the extent of the highest concentrations of hydrocar-
bons in support of total mass estimation calculations.   
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3.   Identify the type, concentration, and location of high concentrations of pe-
troleum hydrocarbons and if possible, identify the potential source areas 
based on depth and concentration of hydrocarbon response.   

3.2 Source Area Characterization Study Results 

As with the reconnaissance phase, the results of the source area characterization 
demonstrated that the CPT-UVOST effectively met the established goals for the 
study.  The CPT data reasonably predicted the observed soil types and verified that 
conceptual hydrostratigraphic model developed in Area 3 was applicable to Area 1.   

As part of the initial data analysis, a real-time comparison of the SBTs interpreted by 
the piezocone and the directly-observed lithology was performed.  In this area a CPT 
sounding was advanced less than 4.5m from two continuously-cored hollow-stem au-
ger borings.  Throughout most of the evaluated depth (0-19m), the SBTs accurately 
predicted soil types similar to those observed in the cored borings.  A consistent ex-
ception was observed for soils between approximately 4.5m and 9.1m below ground.  
In this interval the soil observed (logged according to the Unified Soil Classification 
System by ASTM Method D2488) had a greater sand fraction than was interpreted by 
the SBTs.  This was especially true for intervals identified as SBT 6 (sandy silt to 
clayey silt) and SBT 7 (silty sand to sandy silt) according the Robertson (1990) CPT 
classification chart.  It is possible the relatively recent age of deposition combined 
with virtually no post-depositional compaction resulted in a sandy soil that demon-
strates lower sleeve friction and thus higher friction ratio (%) than would be expected.  
These phenomena result in the classification of a sandy soil as a finer-grained materi-
al on the Robertson (1990) charts.  This phenomenon was not observed in sandy soils 
evaluated at greater depths.  A summary of the comparison for the 4.5- 9m range is 
shown in Table 1. 

Table 1.  Comparison of SBTs and observed lithology from soil samples. 
Depth CPT - A Hole O2 Hole O3 
meters Zone-SBT USCS Lithology USCS Lithology 
4.5-5.1 8 - Sand to silty sand Fine to medium sand 

(SP) 
Fine to medium sand 
(SP) 

5.1-5.6 7 - Silty sand to sandy silt Fine to medium sand 
(SP) 

Fine to medium sand 
(SP) 

5.6-5.8 6 - Sandy silt to clayey silt Fine to medium sand 
(SP) 

No recovery 

5.8-6.8 7 - Silty sand to sandy silt Fine to coarse sand 
(SW) 

Fine to coarse sand (SW) 

6.8-7.0 8 - Sand to silty sand No recovery Fine to coarse sand (SW) 

7.0-7.3 7 - Silty sand to sandy silt No recovery No recovery 

7.3-8.2 3,4 - Clay to silty clay Sandy silt (MLs) Fine to medium sand 
(SP) 

8.2-8.8 4,5 - Clay to clayey silt Fine to medium silty 
sand (SM) 

No recovery 

8.8-9.1 6 - Sandy silt to clayey silt Fine sand with silt 
(10%)  (SP-SM) 

No recovery 

All depths saturated   

CPT-Soil Behaviour Type  (SBT) after Robertson (1990) 

  2nd International Symposium on Cone Penetration Testing, Huntington Beach, CA, USA, May 2010



 
The conceptual hydrostratigraphic model for Area 1 was correlated to conditions ob-
served in Area 3.  The correlation indicates the layered stratigraphy is laterally conti-
nuous across the study area and the general orientation of the geologic layers parallel 
the topographic slope present at the ground surface.   

The UVOST data collected in Area 1 accurately identified areas of elevated fluores-
cence (greater than 75% of the reference solution) surrounded both vertically and ho-
rizontally by areas of background concentrations.  By plotting the UVOST response 
in cross–section over the hydrostratigraphic model, it was determined that the vertical 
migration of hydrocarbons was likely controlled by the interbedded lithology (Figure 
2).   

To verify these high concentrations and to identify the general hydrocarbon types that 
may exist in the subsurface, soil samples were collected from hollow-stem auger soil 
borings advanced in close proximity (less than 4.5m) to at least two CPT-UVOST lo-
cations.  The default waveform “fingerprints” developed by Dakota Technologies 
were compared to laboratory analysis of the soil samples performed by U.S. EPA 
Method 8015 for total petroleum hydrocarbons modified for carbon chain characteri-
zation.  The Dakota Technology “fingerprints” reasonably predicted three of the four 
hydrocarbon types determined to be present by laboratory analysis of soil samples 
and recovered liquids including diesel fuel, kerosene, and oil (grouped as C12-C44 in 
Figure 2).  A fourth hydrocarbon type identified from laboratory results as a light dis-
tillate containing primarily non-aromatic, short chain compounds (C6-C12) was not 
consistently identifiable by the UVOST possibly due to the paucity of polycyclic 
aromatic hydrocarbons in the parent material.   

By analyzing the spatial distribution of hydrocarbon response, it was determined 
there were different source areas for each hydrocarbon type with pervasive commin-
gling once parent materials reached groundwater (generally between 4.5m to 5.5m 
below ground surface).  The three-dimensional analysis of peak values demonstrated 
that shorter chain hydrocarbon types were consistently found at shallower depths than 
the longer chain hydrocarbons suggesting the longer chain hydrocarbons were re-
leased prior to the short chain hydrocarbons.   

3.3 Significance of Area Source Characterization Results 

Much like the Reconnaissance Phase, the effective integration of the CPT-UVOST 
and conventional sample and analysis method resulted in a more rapid and detailed 
characterization of the Source Area.  The close correlation of SBTs with actual soil 
types confirmed most aspects of initial hydrostratigraphic model and provided the 
ability to extend a detailed understanding of subsurface conditions over a broad area 
in a short period of time.  It also provided the means to understand the potential con-
taminant transport pathways that may exist between the source area and the downgra-
dient sensitive receptors. 

The relatively close correspondence of UVOST response to the laboratory-derived 
hydrocarbon concentrations in soil sample provided the ability to interpret contami-
nant concentrations over a broad area while limiting the expense of additional soil 
sample analysis.  The detailed UVOST hydrocarbon concentration and type data pro-
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vided the ability to isolate potential source areas and develop targeted remediation 
strategies.  The confirmation of the hydrostratigraphic model and the identification of 
high concentration mass areas allowed the rapid development and implementation of 
a pilot-scale remediation system.  It also provided the means to develop long-term 
remediation strategies with a higher likelihood of success.   

4 CONCLUSIONS 

This practical application of CPT-UVOST demonstrates its effectiveness as an envi-
ronmental assessment technology because of ability to capture large amounts of de-
tailed lithologic and chemical data in a relatively short period of time.  This capability 
allows the end-user to focus more detailed and expensive compliance-driven sam-
pling efforts on smaller data gap areas or previously undefined transport pathways 
where laboratory performed analyses are required.  By integrating this tool with more 
traditional assessment methods, the user can rapidly define subsurface conditions 
over broad areas.  The UVOST tool provides the ability to simultaneously evaluate 
multiple contaminant types in a single data collection event thus promoting more ef-
ficient characterization.  The use of the CPT-UVOST system resulted in the redirec-
tion of resources to the resolution of environmental conditions.   
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