
1 INTRODUCTION  

The objectives of the investigation were to: 
 Use a cone penetration test (CPT) device along with an ultraviolet induced 

florescence (UVIF) tool and an ultraviolet optical screening tool (UVOST) to 
assess the lateral and vertical extent of residual light non-aqueous phase liquid 
(LNAPL) in the subsurface acting as a continuing source to groundwater 
impacts; 

 Evaluate the lithology and potential migration pathways; and  
 Use the resulting data to evaluate potential remedial alternatives for subsurface 

media, as warranted. 
 
 
 
 

Use of multiple induced fluorescence tools at a pipeline 
site to characterize residual LNAPL  
 
K. R. Patton 
AECOM Environment, Camarillo, California, USA 

S. M. Kuhlman 
Consultant, Yorba Linda, California, USA 
 

ABSTRACT: To remediate an unmapped residual light non-aqueous phase liquid 
(LNAPL) serving as a continual source of aromatics and oxygenates to groundwater, 
an understanding of its lateral and vertical extent was needed. Despite the 
construction of over 35 groundwater monitoring wells and implementation of a long-
term monitoring program, the geographic distribution of the LNAPL remained 
unknown. To map the LNAPL and refine the site conceptual model, the ultraviolet 
induced fluorescence tool and the ultraviolet optical screening tool were used in 
conjunction with the cone penetration test device. Limitations, benefits, and results 
from the use of each tool are presented. A detailed 3-dimensional (3D) depiction of 
the entrapped LNAPL body was produced. The 3D residual LNAPL body footprint is 
an integral component used to determine the most appropriate means to further 
remediate the Site. Additional techniques are planned to refine volume and mass 
estimates of the LNAPL source area. 
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2 SITE OVERVIEW 

The Site, located in southern California, consists of approximately two acres of land 
that includes multiple pipeline junctions with seven petroleum product pipelines that 
originate, terminate, or continue at the Site. The control boxes have operated as a 
long-term routing station for an extensive pipeline network. 

In the early 1990s, a release of over 150,000 gallons of gasoline was reported at 
the Site. Approximately 100,000 gallons of product were recovered during emergency 
response activities and follow-up remedial activities; however, a portion of product 
infiltrated into the underlying soil and groundwater. Groundwater impacts include 
oxygenates along with benzene, toluene, ethyl benzene and xylene. 

An LNAPL recovery system and a soil vapor extraction (SVE) system were 
installed to reduce the source. The LNAPL recovery system was operated for six 
years; and the SVE system operated almost 10 years, after which the system was shut 
down due to a high groundwater table. Enhanced fluid recovery and groundwater 
monitoring continued. 

3 GENERALIZED GEOLOGY AND HYDROGEOLOGY 

Regionally, the Site is located within the Los Angeles Basin, which is an elongated 
northwest-trending coastal plain. It is bounded on the north by the Ballona 
Escarpment, to the south and west by the Pacific Ocean, and to the east by low hills. 
It is in an area comprised of several thousand feet of Tertiary and Quaternary marine 
deposits. The Site also lies within an ancient backfilled ancestral Los Angeles River 
trench, which overlies marine sediments that traverse the area. 

Locally, the lithology at the source zone area consists of poorly graded sands 
underlain by silts, clays and sands from 6 to 14m (20 to 45 feet) below ground surface 
(bgs). The lower permeability silts and clays provide a natural inhibitor to migration 
of the dissolved phase from the Site.  

Two water bearing units within the recent alluvium, designated as the shallow 
zone and deeper zone, were reported in previous investigations. The shallow zone 
consists primarily of silty sand to sandy silt with isolated beds of clay, and is present 
beneath the Site from approximately 6 to 10m (20 to 35 ft) bgs. It ranges in thickness 
from approximately 0.6 to 4.5m (2 to 15 feet). The deeper zone consists primarily of 
silty sand to sandy silt, is generally encountered between 10 to 14m (35 to 45 ft) bgs 
and extends to at least 18.2m (60 ft) bgs. 

Groundwater elevations at the Site are near historical highs (approximately 4.2m, 
14 feet bgs), as the water table has risen about 6m (20 feet) since the release occurred.  
The historical low occurred in 1999. 

As a result of the rise in the water table, roughly half of thirty four monitoring 
wells have submerged screens. The horizontal extent of the dissolved-phase plume is 
known with non-detect monitoring wells to the south, east and estimated to the west 
of the Site; however, limited information is available to the north and northeast of the 
Site. 
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4 RESIDUAL LNAPL 

LNAPL thicknesses were measured up to 10m (32 feet) in monitoring wells at the 
Site shortly following the release. Since that time, measurable LNAPL has 
significantly declined and in December 2007 measurable LNAPL (about 300mm, 12 
inches) was observed in only one well; sheen was observed in others. However, 
dissolved-phase concentrations have not decreased over time. This fact, along with 
the historical increase in the water table elevation noted above, suggests that residual 
LNAPL is entrapped below the groundwater surface and is a continuing source to 
groundwater impacts. As a result, an investigation was performed to determine the 
lateral and vertical extent of the residual LNAPL source area. 

5 LIF INSTRUMENTATION 

To map the extent of residual LNAPL, laser induced fluorescence (LIF) tools were 
selected because they operate on the principle that aromatic hydrocarbons, mixed 
with soil and groundwater fluoresce when irradiated by ultraviolet light (Gregg 
Drilling & Testing, Inc., 2009). Lighter compounds (e.g. gasoline) tend to fluoresce at 
shorter wavelengths and heavier compounds (e.g. diesel, motor oil) fluoresce at 
longer wavelengths. 

The LIF tool provides the excitation wavelength. When the hydrocarbons in the 
formation absorb the excitation light, the energy state of the hydrocarbon molecule is 
altered and light is re-emitted at a longer wavelength. This change in wavelength is 
termed the Stokes shift. The emission wavelengths ranged from about 280 nm (with a 
benzene spike at approximately 290 nm) to about 340 nm. 

Since the LIF tool not only sends out the excitation wavelength but also receives 
the emitted wavelength, an appropriate photomultiplier tube is required to receive the 
desired wavelengths and convert the corresponding wave energy into a voltage 
reading. The UVIF excitation wavelength is 250 nm, therefore a bandpass filter is 
required to clip out this excitation wavelength from the receiver along with those 
undesirable wavelengths at the longer end of the spectrum (greater than 340 nm). The 
specifications for the photomultiplier tube and bandpass filter were reviewed to 
ensure they were appropriate for the gasoline range of hydrocarbons (e.g., 290 to 
310nm). 

It should be noted that neither the UVIF tool or UVOST are designed to detect nor 
measure dissolved concentrations. They are designed only to measure re-emitted light 
from the residual LNAPL. In addition, outputs from the UVIF are measured in volts 
while those from the UVOST are a percentage of the reference emitter. While both 
the UVIF tool and UVOST are used as screening tools to identify the depth at which 
hydrocarbon impact exists, only the UVOST can identify the type of LNAPL 
composition since it measures emission decay with time at several wavelengths (350 
nm, 400 nm, 450 nm, and 500 nm) (Dakota Technologies, 2009). To verify this 
feature, a sample of source (bailed from one of the monitoring wells containing 
LNAPL) along with fresh samples of gasoline and diesel were used to calibrate the 
field response of both instruments and used as daily baselines prior to each sounding. 

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



6 FIELD PROCEDURE 

For this investigation, the UVIF tool was selected for the first 15 soundings while the 
UVOST was used on the remaining seven soundings. The UVIF tool and UVOST 
were coupled with the CPT rods and made ready to be hydraulically advanced 
simultaneously into the subsurface. 

The CPT soundings were conducted using a 27-ton down pressure capacity CPT 
rig equipped with a 20-ton capacity cone with a tip area of 15 square centimeters 
(cm2) and a friction sleeve area of 225 cm2. The cone is designed with an equal end 
area friction sleeve and a tip end area ratio of 0.80. Measurements taken by the cone 
include cone bearing (qc), sleeve friction (fs) and penetration pore water pressure (U) 
at 5-cm intervals during penetration to provide a nearly continuous hydrogeologic 
log. CPT soundings were performed in accordance with revised (2002) ASTM 
standards (D 5778-95). 

As the CPT was advanced, a continuous soil lithologic log was produced, and the 
LIF tool measured fluorescence and provided semi-quantitative measurements for the 
subsurface media it passed through. The depths explored ranged from 18 to 27m (60 
to 88 feet) bgs. 

In the known source area, and at various depths in the subsurface where LIF 
response was observed, soil samples were collected and analyzed for total petroleum 
hydrocarbons in the gasoline, diesel and oil ranges to validate the LIF response. 

7 RESULTS 

Formatted data was provided in real time in the field. The CPT ratio (Rf) of cone tip 
resistance (qc) to sleeve friction (fs) values and definitions (as developed by 
Robertson, et al., 1986) were assigned an equivalent Unified Soil Classification 
System designation in order to depict lithology consistent with those definitions and 
previous bore logs at this Site. Raw data from the soundings were compiled and 
loaded into RockworksTM as downhole geophysical point data. The data were then 
plotted on strip logs and output for the development of cross sections using ArcGIS; 
and for 3-dimensional (3D) modeling of the voltage. 

The CPT/UVOST data included fluorescence intensity in terms of percent of the 
reference emitter. Lighter LNAPLs (e.g. gasoline) are represented by the blue peaks 
within waveforms while the heavier aromatic molecules are illustrated progressively 
by the green (e.g. diesel) and to a smaller degree by the red and gray peaks of the 
waveform plots. 

A 3D residual LNAPL object of LIF voltage was generated in Rockworks using an 
inverse distance algorithm. The 3D LIF object was filtered to show an isosurface 
greater than one volt, which represented a reasonable cutoff of background noise 
(Fig.1). 

Slices of the 3D model at various depths in the residual LNAPL source area 
revealed a maximum extent foot print of the residual LNAPL at the Site (Fig. 2). The 
3D model also identified a small remnant of residual LNAPL to the west of the 
historic release area at a depth of approximately 6.7m (22 ft) bgs. The main body of 
the residual LNAPL was identified immediately east of and adjacent to the pipeline 
junction where the historic release occurred. The bottom of the residual LNAPL is 
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located at about 13.7m (45 ft) bgs. A portion of a cross section illustrates how the 
CPT lithology data was developed as well as the LIF response with depth (Fig.3). 

 

Figure 1. 3D residual LNAPL object of LIF voltage.
 

Figure 2. Slice of the 3D model at depth in the residual LNAPL source revealing a maximum 
extent foot print of the residual LNAPL.

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



 

Figure 3.  Portion of cross section depicting CPT lithology data as well as the LIF response 
with depth. 

 
The main body of the residual LNAPL appears to be present in the sand to silty 

sand unit as well as in the deeper sand unit but appears to be partly constrained by the 
overlaying sandy silt to clayey silt and clay units. 

The soil profile data collected do not indicate that a coarser more permeable 
pathway exists in this direction; rather the fine-grained interbedded soils are 
persistent across the Site. The data shown on cross-section A-A’ in Figure 3 indicate 
that LNAPL migrated downward during the release and penetrated the water table 
due to a large driving head. This is based on the historic water level being more than 
6m (20 feet) higher than the maximum depth of impacts. Additionally, gauged 
thicknesses on the order of 10m (32 feet) also support these large driving heads 
during and immediately after the release. 

The impacts generally are deepest near the pipeline junction and become shallower 
with distance. However, even with distance away from the pipeline junction, the 
LNAPL impacts remain within the deeper sand and coarse sand material. This 
indicates that once LNAPL reached the sand unit it was below the water table and it 
could spread more easily in the saturated coarse materials than in the fine grained 
unit.  Some impacts exist within the fine grained unit as well but do not represent the 
majority of impacts at the Site. 

The lower permeability silts and clays also appear to be providing a natural 
inhibitor to migration of the dissolved phase from the Site especially on the west side 
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of the pipe junction. The LNAPL entrapped in this area is isolated and shallower than 
the main LNAPL body to the east. The migration pathways for the residual LNAPL 
on the east side of and immediately adjacent to the pipeline junction appear to be 
limited to the south and north by thicker clay to clayey silts. The main body of the 
residual LNAPL appears to be confined to a maximum areal extent depicted on 
Figure 2.  

 

8 CONCLUSIONS 

The LIF tools were effectively used to delineate the lateral and vertical extent of 
residual LNAPL beneath the Site, and the lithology was refined and improved as a 
result of using the CPT soundings. The main body of residual LNAPL was mapped 
deeper east of and immediately adjacent to the pipeline junction, primarily in the 
lower sand unit.  On the west side of the pipe junction the residual LNAPL plume 
appears relatively shallow, somewhat isolated and constrained by clayey soil. 
Additional techniques may be used to further evaluate the volume and mass of the 
residual LNAPL at the Site.  
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