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COMPREHENSIVE SITE ASSESSMENT 
FOR 

KOCH PETROLEUM GROUP LP 
KOCH NORTH TERMINAL 

EXECUTIVE SUMMARY 

The subject site is the Koch North Facility at 3325 River Road in Wilmington, North Carolina. 
Since the facility was constructed by Philips Petroleum in 1929, it has been utilized as a bulk storage 
tank facility handling various gasolines, additives, #2 fuel oils and para-xylene (PX). During Koch's 
ownership (since November 1981) operation of the facility has been divided into two areas, 
Gasoline/Fuel Oil Bulk Storage and Para-xylene Bulk Storage. 

Since 1929 there have been several product releases. Product releases since 1980 have been assessed 
and are currently on file at the Wilmington Regional Office (WIRO) of the North Carolina 
Department of Environment and Natural Resources (NCDENR). NCDENR issued a correspondence 
to Koch on January 7, 2000 requesting that several areas of concern be addressed at the Koch North 
Terminal. Specifically these areas of concern involve ground water quality at Aboveground Storage 
Tanks (ASTs) K-1, K-4, K-5 as the gasoline/fuel oil bulk storage area and further assess ground 
water/soil conditions at the Px bulk storage area. 

KOCH NORTH GASOLINE/FUEL OIL BULK STORAGE AREA 

On January 11, 2000, representative ground water samples were collected from selected monitoring 
wells (MW1, MW2, MW14, and MW20) located along the downgradient perimeter of the Koch 
North Terminal gasoline/#2 fuel oil facility. Samples were analyzed for gasoline constituents per 
Environmental Protection Agency (EPA) Method 602. 

A review of the water quality data shows minor dissolved gasoline contamination downgradient of 
AST K-1[MW-14- ethylbenzene 36 parts per billion (ppb); limit 29 ppb] and AST K-4 (MW20-
ethylbenzene 180 ppb and total xylenes 2,330 ppb; limit 539 ppb). Analysis of downgradient 
monitoring wells MW-1 and MW-2 revealed compliant concentrations of all EPA Method 602 
analytes. 

The January 7, 2000 NCDENR letter referenced a 10,000-gallon gasoline release near AST K-5. 
Since Koch purchased the property in November 1981, AST K-5 and nearby K-6 have been utilized 
to store #2 fuel oil. In 1992, AST K-5 was cut and modified for its current use as a wastewater 
treatment plant. According to Koch personnel, there have been no known releases of product from 
AST K-5. 

KOCH NORTH PARA-XYLENE (PX) STORAGE AREA 

Areas of concern within the Koch North PX facility warranted additional subsurface date to augment 
the existing site monitoring wells and historical information. Characterization of site soil/geology 
was based on samples obtained during monitoring well installation and a Ground Penetrating Radar 
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(GPR) survey. To augment the existing Type II and III monitoring well network an additional eleven 
Type II (MW-9 through MW-20) and one Type III (TMW-2) were installed. 

The area of investigation is underlain primarily by fine to medium grained, poorly sorted sand with 
occasional plagioclase grains and 1mm to 15mm gravel. This formation also includes interlain silty 
sand and clayey sand lenses. This matches the "surficial sand" formation encountered throughout 
New Hanover County. This formation lies unconformably on older lower units and survey-wide 
ranges in thickness from 10 feet to >20 feet thick. 

Underlying the "surficial sand" formation are fine to medium grained, poorly sorted clayey/silty 
sands with occasional shell fragments, black phosphatic sands. This description matches the 
"undifferentiated Pliocene/Pleistocene strata" encountered throughout most ofNew Hanover County. 
This strata within the survey area ranged from possibly absent to ±20 feet thick. Utilizing the GPR 
data the topography of the "undifferentiated Pliocene/Pleistocene" strata was contoured. The 
resulting pattern suggests remnants of a buried channel structure, within the surficial aquifer, 
trending east to west. 

While installing Type III monitoring wells TMW-1 and TMW-2, a sequence of fine grained clay 
(moderate plasticity), sand with shell fragments followed by dense limestone were encountered at 
30 feet and 28 feet below the ground surface, respectively. This sequence is generally recognized 
as the Castle Hayne Formation. Total thickness of this formation within the subject site was not 
determined. 

Site surficial ground water flow is predominantly to the West-northwest toward the Cape Fear River. 

During the field work phase of this assessment free-phase product was not evident at any of the site 
monitoring wells. 

Site soil quality was evaluated using analytical laboratory techniques (EPA Methods 8260 and 8270) 
and conducting a Fugro Geosciences, Rapid Optical Screening Tool (ROSJ'TM) survey. During the 
investigation several zones of PX and/or Kerosene soil contamination were delineated. 

Site ground water quality was evaluated by obtaining ground water samples from site monitoring 
wells for analyses ofM/P xylene concentrations per EPA Method 602. The most recent data revealed 
surficial ground water contamination (7,530 ppb MIP xylenes) from south of AST 601 west to River 
Road (±850 feet) and from ASTs 301, 401, 501 north to the property boundary (±850 feet). Also, 
high concentrations of contaminants were identified around monitoring well MW-14 (270,000 ppb) 
and west of AST 801 (MW-7, 130,000 ppb and MW-11 110,000 ppb). 

Site remediation modification alternatives to be investigated include using additional ground water 
recovery efforts around monitoring well 117 to control surficial ground water migration in this area 
and traditional remediation approaches for addressing surficial ground water hot spots and the 
multiple zones of soil contamination. 
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COMPREHENSIVE SITE ASSESSMENT 
FOR 

1.0 INTRODUCTION 

KOCH NORTH TERMINAL 
PARA-XYLENE INCIDENTS 

3325 RIVER ROAD 
WILMINGTON, NORTH CAROLINA 

CATLIN PROJECT NO. 199-060-20 

PREPARED FOR: 
KOCH PETROLEUM GROUP, LP 

1.1 BACKGROUND 

Koch North Terminal (Koch North) is located at 3325 River Road in Wilmington, 
North Carolina (refer to Figures 1 and 2) .. The area of interest is the 33-acre area 
located on the east side of River Road. Koch North's remaining four acres, located 
on the west side of River Road, have not been investigated in this report. Since the 
facility's construction by Philips Petroleum in 1929, it has been utilized as a bulk 
storage tank facility handling various gasolines, additives, #2 fuel oil, and para
xylene (PX). 

Since 1929 there have been several unintentional and intentional (part of pre-1980 
standard operating procedures) product releases. Product releases since 1980 have 
been assessed and are currently on file at the Wilmington Regional Office (WiRO) 
of the North Carolina Department of Environment and Natural Resources 
(NCDENR). 

1.2 PURPOSE 

Historical PX concentration trends from analytical testing of ground water in selected 
Koch North monitoring wells suggest undefined sources ofPX contamination. Issues 
raised to NCDENR by IT Corporation concerning PX concentrations culminated in 
a January 7, 2000 NCDENR letter requesting that Koch Petroleum Group, LP 
address several areas of concern within the Koch North facility. More specifically, 
these areas of concern involve aboveground storage tanks (ASTs) K-1 (gas), K-4 
(gas), K-5 (gas), 301 (PX), 801 (PX), and the 1981 pipeline (PX) incident. The 
purpose of this Comprehensive Site Assessment (CSA) is to accomplish the 
following goals: 

• Assess ground water quality at AST K-1, K-4 and K-5 within the gasoline/oil 
bulk storage facility at Koch North. 
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• Further assess subsurface soils and surficial ground water conditions within 
the PX bulk storage facility at Koch North. 

• For regulatory compliance, surficial ground water quality has been compared 
to applicable interim standards and the standards established in North 
Carolina Administrative Code, Title 15A, Subchapter 2L .0202 (NCAC 15A 
2L .0202). 

• Compile field and laboratory data in a CSA report. 

2.0 GENERAL INFORMATION 

2.1 FACILITY IDENTIFICATION 

Facility Name: Koch North Terminal 

Facility Address and County: 3325 River Road 
Wilmington, North Carolina 28403 
New Hanover County 

2.2 CURRENT FACILITY OWNER/OPERATOR 

Koch Petroleum Group, LP 
3334 River Road 
Wilmington, North Carolina 28403 
New Hanover County 
Telephone: (91 0) 791-0180 

2.3 ENVIRONMENTAL CONSULTANT 

CATLIN Engineers and Scientists 
220 Old Dairy Road 
P.O. Box 10279 
Wilmington, North Carolina 28404-0279 
Telephone: (910) 452-5861 

2.4 FACILITY OPERATIONS AND ABOVEGROUND STORAGE TANK DATA 
(Refer to Appendix A) 

Tank No. 

K1 

K2 
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(Barrels) 

58,800 

58 800 
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Current 
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Capacity Current 
Tank No. (Barrels) Contents In~ tailed 

K3 60,400 #2 Fuel Oil 1942 

K4 58,300 Gasoline 1942 

Gasoline/#2 Fuel Oil 
Waste Water Aeration 

K5 43,333 Tank as of 1992 1929 

K6 32,500 #2 Fuel Oil 1929 

K7 10,000 Gasoline 1929 

K8 288 Additive 1973 

K9 40,481 Gasoline 1973 

K10 72 Additive 1994 

Kll 91 Additive 1993 

K12 239 Additive 1994 

K13 191 Additive 1994 

K14 190 Additive 1994 

301 28,216 Para-Xylene 1955 

401 38,221 Para-Xylene 1955 

402 38,339 Para-Xylene 1955 

501 56,035 Para-Xylene 1955 

601 62,446 Para-Xylene 1978 

801 77,410 Para-Xylene 1954 

1101 103 723 Para-Xvlene 1990 

Note: 1 barrel equals 42 gallons 

Copies of Material Safety Data Sheets (MSDS) for PX, gasoline, and #2 fuel oil have 
been included as Appendix A. 

2.5 PROPERTY HISTORY 

Philips Petroleum built and operated the facility in the 1920s. Sunmark Industries 
purchased the PX section ofthe North Terminal from Philips Petroleum in the early 
1970s. The entire facility was bought by Koch Refining Company (now Koch 
Petroleum Group, LP) from Sunmark Industries (now Sun Refining and Marketing 
Company) in November of 1981. 
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2.6 PRODUCT RELEASE HISTORY 
(Refer to Figure 3) 

Prior to the Early 1980s 

Prior to environmental awareness "Standard Operating Procedure" (SOP), product 
pump/pipeline and AST maintenance/repairs often involved direct release of product 
onto the ground. This aspect of SOP has repeatedly occurred at the subject site as 
well as most bulk fuel oil storage facilities operating prior to the 1980s. 

In 1992, Koch had an on-site collection and wastewater treatment system installed. 
This system was designed to collect all discharge from AST water bottoms, ground 
water recovery well, and loading rack drainage for treatment at the site wastewater 
treatment plant (NPDES Permit No.NC0076732). Product releases reported as of 
1980 can be summarized as follows: 

AST K1 and K4 - ASTs K1 and K4 are both floating top style ASTs which tend to 
periodically accumulate volumes of water bottom. Since installation (1942) until the 
1980s it was standard operating procedure to simply drain any water bottom onto the 
ground. This resulted in free-phase product and dissolved gasoline constituents at 
ASTs K1 and K4. From 1985 until 1991 a pump and treat system was maintained 
at both AST K1 and AST K4 for removal of free-phase product and reduction of 
dissolved-phase gasoline constituents. 

AST K-5- The January 7, 2000 NCDENR letter referenced a 10,000-gallon gasoline 
release near AST K-5. Since Koch purchased the property in November 1981, AST 
K-5 and nearby AST K-6 have been utilized to store #2 fuel oil. In 1992, AST K-5 
was cut and modified for its current use as a wastewater treatment plant. According 
to Koch personnel, there have been no known releases of product from AST K-5 
during Koch ownership. 

PX Pipeline- In January 1981, prior to Koch's ownership, 291,000 gallons ofPX 
were released at a subsurface pipeline 100 feet northwest of Tank 301. Former and 
ongoing remediation activities concerning this release have been well documented, 
and are on file at the NCDENR-WiRO. Figure 3 illustrates the historical free-phase 
product thickness following the release. 

Boiler Room Fuel Oil Tank- In January 1981, prior to Koch's ownership, "Several 
hundred" gallons offuel oil was released (Carlyle, May 21, 1984, pg.3). No details 
regarding actual volume and remediation actions were detailed. 

AST 301- On March 19, 1995, approximately 12,306 gallons ofPX were released 
at AST 301. Initial remedial actions involved excavation of all accessible impacted 
soils and pumping free-phase product from recovery wells installed adjacent to AST 
301. A soil vapor extraction (SVE) and ground water recovery system are operated 
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continuously to address remnant soil and ground water contamination. Figure 3 
illustrates the historical free-phase product thickness following the release. 

AST 801- On July 20, 1999, approximately 594 gallons ofPX were released at AST 
801. Initial remedial actions involved excavating accessible impacted soils and 
recovering free-phase product from site excavations. Figure 3 illustrates the 
historical free-phase product thickness following the release. 

Unknown(s)- In assessing the AST 301 and AST 801 incidents, it became evident 
that there were soil and surficial ground water contamination sources other than the 
above listed incidents. 

Since March 1995, ground water quality and site remediation progress have been 
monitored on a regular basis. From March 1995 to February 2000, approximately 
23,068 gallons of PX have been recovered from site subsurface soils and ground 
water. This amount does not take into account PX reduction due to the existing air 
sparge system or factors such as biodegradation and natural attenuation. 

Remediation efforts in the vicinity of AST 301 (soil, SVE, recovery wells) accounts 
for 16,320 gallons ofPX. Approximately 557 gallons ofPX were recovered during 
the AST 801 abatement activities. The discrepancy in lost versus recovered PX can 
be attributed to remnants of the 1981 PX pipeline incident and unknown release(s) 
contamination . 

3.0 POTENTIAL RECEPTORS AND MIGRATION PATHWAYS 

3.1 POTENTIAL RECEPTORS 

Petroleum migration may result in multi-media contamination, upon its release to the 
land surface or subsurface environment. As petroleum seeps through the subsurface, 
petroleum-related hydrocarbons adsorb onto soil particles and volatilize into pore 
spaces. The remaining petroleum moves vertically downward (in the absence of 
preferred lateral routes of migration) until it reaches the capillary fringe (in the 
absence of an impermeable barrier above the capillary fringe). Upon reaching the 
capillary fringe, petroleum spreads laterally and also dissolves into the ground water. 
As a result, receptors may be potentially exposed to petroleum hydrocarbons 
(contaminants) through a variety of mechanisms. 

As defined by the NCDENR in NCAC T15A 2L .0102, potential receptors include 
any human, plant, animal or structure with the potential to be adversely affected by 
the release or migration of contaminants. Guidance documents issued by the 
regulatory agency indicate that structures may include items such as utility lines, 
basements, and elevator shafts. Although not specifically included in the rule 
definition (NCAC T15A 2L .0202), regulatory officials also consider potential 
receptors to include environmental resources such as water supply wells, surface 
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waters, drinking water supplies, and "regions of ground water that have been 
identified for planned resource development". 

The potential receptor survey involved an evaluation of the presence of potential 
receptors and evaluated transport mechanisms (e.g., ground water migration) by 
which the contaminants (in this case, petroleum hydrocarbons) could be transported 
from the source to the receptor. The survey also involved a cursory evaluation of 
exposure pathways including ingestion, inhalation, and adsorption, with respect to 
human receptors. Contaminants found in the soil can be exposed to potential human 
receptors through inhalation of volatilized compounds and dermal contact with 
contaminated soil. Ingestion of drinking water obtained from contaminated water 
wells or contaminated public water supplies is an additional human exposure 
pathway. 

Potable water for the subject site is reportedly supplied by the City of Wilmington 
Water Department. Petroleum exposure to drinking water supply wells appears to 
be unlikely due the location and distance between detected petroleum constituents 
and any current drinking water supply wells. 

The Cape Fear River is the nearest mapped body of surface water, located 
approximately 1 ,000 feet west of the site. 

The North Carolina State Ports Authority (NCSPA), Petroleum Fuel Terminal 
Company, and several residences on Worth Drive are located in the near vicinity of 
the site. The structures at these surrounding sites appear to be slab~on-grade 
construction. Underground utilities in the area of investigation include abandoned 
sanitary sewer, fuel lines, free product recovery lines, water, and telephone lines. 

3.2 UTILITIES 
(Refer to Figure 4) 

Underground utilities, including potable water lines, abandoned sanitary sewer, 
telephone lines, fuel lines, and free product recovery lines were identified through 
field observation. Utilities are displayed on Figure 4, and listed as follows: 

Water-

Sanitary Sewer -

Koch North Terminal; 9160ST01CSA 
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A 12-inch diameter underground municipal water line lies 
along the western side of River Road. This line is buried 
approximately 3.5 to five feet deep. Three fire hydrants in the 
area of interest Gust southwest of AST 301, and south of AST 
401 and AST 402) are plumbed to the municipal water supply 
line. 

An abandoned sanitary sewer line lies east to west through the 
center of the subject site. The pipe diameter varies from 15 
inches on the eastern end of the property to 18 inches near 
River Road on the western end. The abandoned sanitary 
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Telephone-

Electric-

Ground Water 
Recovery Lines -

Pipelines-

sewer line lies underground approximately six to eight feet 
deep. 

Two underground telephone lines lie in a north-south 
direction on the west side of River Road. These lines are 
buried approximately four feet deep. 

Aboveground electric lines also lie along River Road between 
the subject site. 

An abandoned 1-112 inch diameter PVC ground water 
recovery line lies 200 feet east (two feet underground) of 
River Road through the site. This line is from the inactive 
groundwater remediation systemfrom the former CP&L site 
west of Koch North Terminal. Two-inch PVC ground water 
recovery lines run from KRW-3 and SD-1 to the aeration 
treatment. These lines are buried one to two feet below the 
ground surface. 

Above/below ground para-xylene pipelines run from Tanks 
301,401,501,402,801,601, and 1101 due west to the north 
truck loading dock and railcar loading rack area. 

Two abandoned (1988) P X pipelines run (feet underground 
parallel from just west of AST 301 to the northwest property 
boundary and off-site. 

Many of these utilities are located within the impacted areas of the site. Subsurface 
utilities along River Road may intersect the seasonal high water table; therefore, may 
act as a preferential pathway for plume migration. 

3.3 WATER WELL INVENTORY 
(Refer to Figure 5) 

Four non-potable water wells are located within 1,500 feet of the subject site. These 
water systems are located at: 

Koch North Terminal 

Koch South Terminal 
3334 River Road 
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On-Site 

Refer to Figure 5 

Off-Site 

± 1,300 feet southwest; the well is 
currently utilized for sanitation 
purposes. 

Non-potable 

Non-potable 
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Citgo Asphalt Refining Company 
3345 River Road 

Altamar, Inc. 
(Atlantic Marine, Inc.) 
3330 River Road 

± 1,400 feet south; this well supplies 
water to the boiler. 

±1,000 feet southwest of the subject 
site; this well is used for sanitation 
purposes. 

Non-potable 

Non-potable 

The NCSPA controls the land from River Road (downgradient) to the Cape Fear 
River. No potable water wells are located on the NCSP A facility which is currently 
served by the City of Wilmington municipal water system. 

3.4 SITE TOPOGRAPHY AND SURFACE WATER FEATURES 

The Koch North Terminal is located within the Cape Fear River Flood Plain. Except 
where the land has been cut and graded, the project area is dominated by a relatively 
flat topography, with a gradual grade to the west in the direction of the Cape Fear 
River. The nearest body of water is the Cape Fear River, located approximately 
1 ,000 feet west of the project site. 

4.0 KOCH NORTH GASOLINE/FUEL OIL BULK STORAGE AREA 
(Refer to Table 1, Figure 6, and Appendix B) 

Areas of concern within the Koch North gasoline/oil fuel oil bulk storage area involved 
potential gasoline ground water contamination at AST K-1, K-4, and K-5. 

4.1 AST K-1 ANDAST K-4 

As recent as January 11, 2000, representative ground water samples were collected 
from selected monitoring wells (MW1, MW2, MW14, and MW20) located along the 
downgradient perimeter of the Koch North Terminal gasoline/#2 fuel oil facility. 
Samples were analyzed for gasoline constituents per Environmental Protection 
Agency (EPA ) Method 602. Results of the laboratory analysis have been 
summarized in Table 1. Locations of benzene/combined benzene, toluene, 
ethylbenzene, and total xylenes (BTEX) data are illustrated on Figure 6. Copies of 
the laboratory analysis report are contained in Appendix B. 

A review of the water quality data shows minor dissolved gasoline contamination 
downgradient of AST K-1 [14- ethylbenzene 36 parts per billion (ppb); limit 29 ppb] 
and AST K-4 (20- ethylbenzene 180 ppb and total xylenes 2,330 ppb; limit 539 
ppb). Analysis of downgradient monitoring wells MW-1 and MW-2 revealed 
compliant concentrations of all EPA Method 602 analytes. 

4.2 AST K-5 

The January 7, 2000 NCDENR letter referenced a 1 0,000-gallon gasoline release near 
AST K-5. Since Koch purchased the property in November 1981, AST K-5 and 
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nearby K-6 have been utilized to store #2 fuel oil. In 1992, AST K-5 was cut and 
modified for its current use as a wastewater treatment plant. According to Koch 
personnel, there have been no known releases of product from AST K-5. 

5.0 KOCH NORTH PARA-XYLENE BULK STORAGE AREA 

Areas of concern within the Koch North PX facility warranted additional data to augment the 
existing site monitoring wells and historical information. 

5.1 SOIL INVESTIGATION 

5 .1.1 Regional Geology 

The project site lies within the southeastern portion of the Outer Coastal Plain 
Physiographic province of North Carolina. The Outer Coastal Plain, as 
described by David R. Soller and Hugh H. Mills in The Geology of the 
Carolinas (1991) is the eastern portion of the Coastal Plain where 
constructional topography is evident or dominant 

According to Horton and Zullo in The Geology of the Carolinas (1991), the 
Coastal Plain is comprised of a seaward thickening wedge of post-Triassic, 
primarily unconsolidated, siliciclastic sediments and carbonate rocks that 
extend from the Fall Line to the continental shelf break. Coastal Plain 
sediments were deposited in a number of different environments including 
but not limited to, off-shore marine, near-shore marine, lagoonal, and deltaic. 
The eustatic rise and fall of sea level has resulted in numerous sedimentary 
packages of transgressive and regressive sequences deposited throughout the 
Coastal Plain. 

In New Hanover County the pre-Mesozoic crystalline basement rock, onto 
which the Coastal Plain was deposited, lies within 500 meters below mean 
sea level (MSL). The dominant structural feature within the surrounding area 
of the subject site is the Cape Fear arch. 

5.1.2 Monitoring Well Network/Ground Penetrating Radar 
(Refer to Appendices C and D) 

Characterization of site soil/geology was based on samples obtained during 
monitoring well installation and a Ground Penetrating Radar (GPR) survey. 
To augment the existing Type II and III monitoring well network an 
additional eleven Type II (MW-9 through MW-20) and one Type III (TMW-
2) were installed. Boring logs and well construction records have been 
provided in Appendix C. Installation of the off-site monitoring (MW-20) 
required the property owners' consent (see Appendix D). 
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The GPR survey was conducted across the northwest sector of the subject 
site. GPR is an electromagnetic geophysical method that utilizes a 
transmitter and receiver combined (in an antennae) to radiate and receive 
short duration radar waves into the earth as the antennae is moved across the 
ground surface. These radar waves are reflected back to the receiver at the 
interface of materials with different dielectric constants. The intensity of the 
reflected signal is a function of the contrast in the dielectric constant between 
the materials, the conductivity of the material through which the wave is 
traveling, and the frequency of the signal. Subsurface features which 
commonly cause such reflections are: 1) natural geologic conditions such as 
changes in sediment composition, bedding and cementation horizons, voids, 
and water content; or 2) unnatural changes to the subsurface such as disturbed 
soils, soil backfill, buried debris, tanks, pipelines, and utilities. The profiling 
recorder processes the signal from the receiver and produces a continuous 
cross-section of the subsurface interface reflections, referred to as reflectors. 

The field work was performed on February 1 01
h 2000. A Geophysical Survey 

Systems, Inc. SIR System-2 GPR recorder system was used with a 200 mega
Hertz antenna. A time range setting of 150-175 nano-seconds (ns) was used 
during the entire investigation. 

Predominant soil and geological formations encountered (from mean sea 
level to 100 feet below the ground surface) in New Hanover County can be 
summarized as follows: 

Surficial Sands - An unfossiliferous surficial unit which includes the modem 
surface and shallow subsurface sediments which overly the older fossiliferous 
units. The surficial sand unit is generally a light-gray to light-yellow medium 
to fine grained sand with trace quantities of clay, opaque mineral grains, 
coarse-grained sand, pebbles, and feldspar. Peat is locally abundant (Zarra, 
1991). 

Pliocene/Pleistocene (Undifforentiated) - Available logs and data do not 
provide enough data to separate these strata into component formations. The 
Pliocene/Pleistocene strata are made up of shelly quartz sands and shelly 
carbonates. The quartz sands are typically unconsolidated, fine grained, and 
contain well preserved whole shells to fragmental shell hash. In some 
localities the shells are stained black. The carbonates vary between loosely 
consolidated sandy shell hash and sand marl to indurated sand moldic 
limestone (Zarra, 1991). 

Castle Hayne Formation - The Castle Hayne Formation is generally 
recognized as a light gray or white moldic limestone or bryozoan-rich 
limestone. The limestone cuttings from the upper part of the Castle Hayne 
Formation often contain traces of finely disseminated phosphate or 
glauconite. In some wells, the limestone section grades downward to a very 
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calcareous fine-grained sandstone, and the limestone section is overlain by 
a thin silty fossiliferous clay. 

5 .1.3 Description of Subsurface Soil/Geology 
(Refer to Figure 7 and Appendix E) 

The area of investigation is underlain primarily by fine to medium grained, 
poorly sorted sand with occasional plagioclase grains and lmm to 15mm 
gravel. This formation also includes interlain silty sand and clayey sand 
lenses. This matches the "surficial sand" formation encountered throughout 
New Hanover County. This formation lies unconformably on older lower 
units and survey-wide ranges in thickness from 10 feet to >20 feet thick. 

Underlying the "surficial sand" formation are fine to medium grained, poorly 
sorted clayey/silty sands with occasional shell fragments, black phosphatic 
sands. This description matches the "undifferentiated Pliocene/Pleistocene 
strata" encountered throughout most of New Hanover County. This strata 
within the survey area ranged from possibly absent to ±20 feet thick. 
Utilizing the GPR data the topography of the "undifferentiated 
Pliocene/Pleistocene" strata was contoured (see Figure 7). The resulting 
pattern suggests remnants of a buried channel structure, within the surficial 
aquifer, trending east to west. Copies of selected GPR profiles (L9, L3, 
L1G3, LlOEW and L3G2) have been provided in Appendix E. 

While installing Type III monitoring wells TMW-1 and TMW-2, a sequence 
of fine grained clay (moderate plasticity), sand with shell fragments followed 
by dense limestone were encountered at 30 feet and 28 feet below the ground 
surface, respectively. This sequence is generally recognized as the Castle 
Hayne Formation. Total thickness of this formation within the subject site 
was not determined. 

5.2 SOIL CONTAMINATION 

5.2.1 Soil Sample Collection 
(Refer to Table 2 and Appendices F) 

Soils were evaluated using several sampling and analytical techniques. 
Initially (February 24, 2000) soil samples were obtained from just above the 
seasonal high water table with a hand auger at 15 locations (S-1 through S-
15) across the subject site. Sample locations were based on pipeline 
maintenance zones (pumps, valves, etc.) Near ASTs 401,402,501,601 and 
selected downgradient locations. Samples were analyzed for meta and para 
(M/P) xylene concentrations per Environmental Protection Agency (EPA) 
Method 8260. Taking into account the site storage and release history and due 
to the difficulty in analytically separating the two isomers, all M/P xylene 
analytical results have been evaluated as Para-xylene (PX) data. 
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An evaluation of the February 24, 2000 soil sample analysis revealed several 
data gaps, therefore additional means of soil quality assessment were 
initiated. From May 15 to 19, 2000, Fugro Geosciences personnel were 
brought on-site to conduct a Rapid Optical Screening Tool (ROST™) survey 
across the subject site. This technology is useful for delineating hydrocarbon 
sources from free-phase conditions down to residual concentrations in soils, 
both above and below the water table. Aside from free-phase product, the 
instrument does not measure contamination in the ground water. The 
ROST™ method utilizes a laser-induced fluorescence system mated with 
Geoprobe® equipment to assess subsurface soils for petroleum hydrocarbon 
material. The laser and associated equipment transmit 50 pulses of light per 
second to the sensor through a fiber optic cable. The wavelength of the 
pulsed excitation light is tunable and can be set to wavelengths between 280 
and 300 nanometers (nm). An excitation wavelength of290 nm was used for 
each test during this project The laser light passes through the sapphire 
window and is absorbed by aromatic hydrocarbon molecules in contact with 
the window, as the probe is advanced. This addition of energy (photons) to 
the aromatic hydrocarbons causes them to fluoresce. A portion of the 
fluorescence emitted from any encountered aromatic constituents is returned 
through the sapphire window and conveyed by a second fiber optic laser light, 
is averaged into one reading per one-second interval (approximately one 
reading per 2 em vertical interval) and is recorded continuously. For this 
project, ROST™ was operated in multi-wavelength mode (MWL). 

In MWL mode, the emitted fluorescence is measured simultaneously at four 
monitoring wavelengths (340, 390, 440, and 490 nm). The four monitoring 
wavelengths cover the range of light produced by light fuels through heavy 
contaminants such as coal tar and creosote and enhance detection of widely 
ranging product types. The emission data is reported continuously as a total 
of the fluorescence intensity recorded at each of the four wavelengths. The 
total fluorescence intensity data is presented in real-time on a computer 
monitor as a graph of fluorescence intensity versus depth (FVD). 

The relative percentage of fluorescence measured at each of the monitoring 
wavelengths (340, 390, 440, and 490 nm) is plotted continuously on the 
ROST'IM logs as four continuous "color bands". The width of each color 
band represents the relative percentage of fluorescence emitted by the 
contaminant at each of the monitoring wavelengths (340, 390, 440, and 490 
nm). For general interpretation purposes, lighter aromatic hydrocarbon 
molecules will emit fluorescence at shorter wavelengths and heavier, longer 
chained hydrocarbons will emit fluorescence at longer wavelengths. 

The fluorescence intensity of a reference solution placed on the sapphire 
window was measured immediately prior to conducting each test. This 
reference solution measurement serves two purposes. First, as a quality 
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control check, the solution is used to ensure that the performance of the 
system is within specifications. Second, it allows for normalization of the 
data from different test locations for variation in laser power, operating 
conditions, and monitored emission wavelength. The reference solution used 
for this project was the standard Ml reference, which is a proprietary 
petroleum hydrocarbon-containing solution. Ml provides consistent 
fluorescence response across the portion of the spectrum analyzed by ROST 
and, therefore, allows the fluorescence data collected to be consistently 
normalized to intensities recorded as a percentage of M 1. 

During testing, waveforms, which are "spectral signatures" of the 
encountered petroleum hydrocarbons, are displayed on the computer monitor 
in real-time. The waveforms can be compared with waveforms typical of 
common hydrocarbon products to determine the likely product type that has 
been encountered (see Appendix F). Some probe locations exhibited 
waveforms and odors indicate of kerosene (low sulfur No.2 fuel oil) as well 
as PX. Accessibility to some areas was limited by facility structures 
(pipelines, pumps, etc.). Total fluorescence intensity is a relative measure of 
hydrocarbon contamination. Therefore, to compare the Fugro ROST™ data 
with quantitative data, additional soil samples were obtained (May 26, 2000) 
from selected ROST™ survey locations for analysis of volatiles and semi
volatiles per EPA Methods 8260 and 8270 respectively. All soils samples 
were analyzed at the Pace Analytical Services, Inc. Laboratory in 
Huntersville, North Carolina. 

5 .2.2 Soil Quality 
(Refer to Tables 3 and 4, Figures 8, 9, 10 and Appendix B). 

EPA Method 8260 Volatiles - Soil 
Results of the laboratory analysis per EPA Method 8260 have been 
summarized on Table 3. Copies of the Laboratory Reports are contained in 
Appendix B. 

EPA Method 8270 Semivolatiles - Soil 
Results of the laboratory analysis per EPA Method 8270 are 
summarized on Table 4. Copies of the Laboratory Reports have been 
contained in Appendix B. 

As expected several subsurface PX contamination zones were encountered; 
however, some of the ROST1M probe locations exhibited fluorescence 
waveforms and odors indicate of kerosene (low sulfur No. 2 diesel fuel). The 
analyticaVchromatograph data (Appendix B) for samples BH-6 (5.5-6.') and 
01-1 (7-7.5') were reviewed by petroleum chemists. Their conclusion was 
that the volatiles (except for PX) present are likely associated with old 
degraded kerosene. 
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Figure 8 illustrates the location of the soil samples and pertinent laboratory 
analysis data. In addition, the location of the ROST™ survey probes and 
contours of the resulting fluorescence reading. Upon review note the areas 
of interest south of ASTs 601, 801 and north of ASTs 301, 401. Also note 
the area of interest from AST 301 and trending north west to River Road. 
Two cross-sections (A-A 1 and B-B1) have been prepared to illustrate the 
depths of detected soil contamination at the site (see Figures 9 and 1 0). 
Interpretation of the subsurface soils/geology is based on the boring log 
records and GPR results. 

6.0 HYDROGEOLOGY 

6.1 REGIONAL HYDROGEOLOGY 
(Refer to Appendix C) 

The PX facility already had 27 Type II monitoring wells and one Type III monitoring 
well in place. To assess additional areas of interest and fill in data gaps, 12 
additional Type II monitoring wells and one Type III monitoring well were installed. 
As stated previously, North Carolina Well Construction Records and boring logs are 
provided in Appendix C. All monitoring wells were constructed in accordance with 
NCAC T15A:02L "Well Construction Standard." All drilling and sampling 
equipment was decontaminated between boreholes to prevent possible cross
contamination. 

Two separate aquifers were encountered during this site assessment. The Type II 
monitoring well screen intervals are within the site surficial aquifer. The Type III 
monitoring well screen intervals are within the Castle Hayne Aquifer. 

6.2 DEPTH TO GROUND WATER TABLE 
(Refer to Table 5 and Figure 11) 

Selected site monitoring wells were gauged for depth to water table and potential 
free-phase product on February 28, 2000. Depth to surficial ground water table 
ranged from 3.24 feet to 10.12 feet below the ground surface. Depth to water table 
within the Type III monitoring wells ranged from 5.66 feet to 9.63 feet below the 
ground surface. Drill cuttings of the clay layer on the Castle Hayne limestone did not 
appear to be characteristic of a tight aquitard. However, well pairs 108 and TMW -1, 
MW-10 and TMW-2 reveal a water table elevation difference of2.19 feet and 4.27 
feet, respectively. Ground water table elevations are provided in Table 5. 

Figure 11 illustrates the site surficial ground water table contours. The contours 
indicate the surficial ground water trend is west-northwest toward the Cape Fear 
River. The contours also reflect the effects of ground water pumping efforts at 
recovery wells KRW-3, KRW-4 and KRW-5. 
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6.3 FREE-PHASE PRODUCT 

No measurable levels (less than 0.005 feet) of free-phase product were detected at 
any of the site monitoring wells on February 28, 2000. No free-phase product has 
been detected at the site since December, 1999. 

6.4 PROPERTIES OF THE SITE SURFICIAL GROUND WATER 
(Refer to Appendix G) 

Strict interpolation of the surficial water table elevations revealed ground water flow 
trend towards the west-northwest. The hydraulic gradient was calculated using water 
level measurement from two monitoring wells apparently not influenced by site 
surficial ground water remediation efforts. The hydraulic gradient ( dh/dl) calculated 
from water level measurements between wells MW-10 and 113 on March 23, 2000 
was determined to be 0.02 feet per feet. 

To estimate the hydraulic conductivity of the surficial aquifer, rising head/recovery 
tests were performed on shallow monitoring wells MW-9 and MW-15 on March 23, 
2000. To perform the test, the static head of the ground water was measured. A solid 
"slug" was introduced into the well and the water table was allowed to return to static 
levels. The slug was instantaneously removed and the recovery rate of the ground 
water was measured utilizing a pressure transducer. Data was recorded with a 
Hermit 2000® data logger. The recovery data was processed by the AQTESOL V™ 
aquifer test solving software program which utilizes the Bouwer and Rice (1976) 
method. Program assumptions are as follows: 

• Aquifer has infinite areal extent 
• Aquifer is homogeneous and of uniform thickness 
• Aquifer potentiometric surface is initially horizontal 
• A volume of water, V, is injected into or discharged from the well 

instantaneously 
• Flow is steady 
• Aquifer is confined or unconfined 

The AQTESOL V program uses the following equation to derive the hydraulic 
conductivity: 

where: 

K = 
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rwe = 

L 

t 

initial displacement in well or slug due to instantaneous 
removal of slug from well 

displacement in well at time t 

[r/ + n(r}-r/)]05 

empirical "shape factor" determined from graphs provided in 
Bouwer and Rice (1976) 

radius of well where water level is rising during the slug test 

radius of the screened or open section of the well plus the 
thickness of a sand or gravel pack. Thus, r w is the radial 
distance from the center of the well to the normal K of the 
aquifer. 

effective radial distance over which head loss occurs 

saturated length of screened, perforated, or otherwise open 
section of well 

time interval 

To solve for the hydraulic conductivity (K), the above equation yields K as follows: 

r/ ln(RJ r w) 1 50 

K= ln-
2L t. 

-----~--= -------
Anomalies ("double straight line effect") sometimes observed in the measured rate 
of the rise of the water level in the well are attributed to drainage of a gravel pack or 
developed zone around the well following lowering of the water level. The effect of 
this drainage was eliminated by ignoring the early data points and matching a line 
through the second straight line portion in the data plot for calculation of hydraulic 
conductivity (Bouwer, 1989). 

Hydraulic conductivity (K) values at MW-9 and MW-15 were determined to be 19.03 
feet per day and 4.22 feet per day. These values yielded an average K value of 11.62 
feet per day. The slug test calculations are contained in Appendix G. 

6.5 GROUND WATER SAMPLE COLLECTION AND LABORATORY ANALYSIS 

CATLIN personnel gauged depth to water table and potential free-phase product at 
site monitoring wells on February 28,2000. The field data has been summarized in 
Table 3. 
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From February 29 to March 1, 2000, thirty-two selected site monitoring wells were 
purged (minimum three volumes) and ground water samples were collected. Ground 
water samples were placed in laboratory prepared glassware, labeled and chilled ( <4 o 

C) prior to transportation to Pace Analytical Services, Inc. in Wilmington, North 
Carolina. All ground water samples were analyzed for MIP xylenes concentrations 
per EPA Method 602. 

6.6 EPA METHOD 602 (MIP XYLENES)- GROUND WATER 
(Refer to Table 6, Figure 12 and Appendix B) 

The most recent as well as historical dissolved M/P xylenes concentration data has 
been summarized in Table 6. Figure 12 illustrates the latest (2/28/00) M/P xylenes 
concentration contours in the site surficial water table. The most recent on-site 
plume boundary (>530 ppb M/P xylenes) extends from just south of AST 601 west 
to River Road (N850 feet) and from ASTs 301, 401, 501 north to the property 
boundary (N850 feet). Upon review of Figure 10 note M/P xylene concentration 
highs. Around monitoring well MW-14 (270,000 ppb)and west of AST 801 (MW-7, 
130,000 ppb and MW-11 110,0000 ppb). A copy of the laboratory report is 
contained in Appendix B. 

6. 7 RATE OF CONTAMINANT MIGRATION 
(Refer to Appendices G and H) 

Ground water travel time or average ground water linear flow velocity serves as the 
basis for estimating the rate of contaminant migration at the facility. Ground water 
flow rates should represent the maximum rate of contaminant migration with 
variations among contaminants due to geohydrochemical processes including 
molecular diffusion, mechanical mixing, sorption-desorption, ion-exchange, 
hydrolysis, and biodegradation. However, due to the difficulties in estimating the 
effects of many of the processes on contaminant migration rates and the desire to 
produce relatively conservative (higher) estimates, only adsorption processes are 
incorporated into rate calculations. 

Koch North Terminal; 9160ST01CSA 
CATLIN Project No. 199-160-20 17 

CATLIN Engineers and Scientists 
August 7, 2000 



The average ground water linear flow velocity was calculated using the following 
modification of Darcy's Law (Todd, 1980): 

Where: Average hydraulic conductivity (feet per day) 11.62 

ne Effective porosity (unitless) 0.39 

dh/dl Hydraulic gradient (feet per feet) 0.02 

Calculation of the average ground water linear flow velocity was determined to be 
0.59 feet per day to the west-northwest (see Appendix G). 

Estimates of bulk density and porosity were determined from results of visual/manual 
classification of soils. The average velocity of the petroleum contaminant constituent 
was then calculated in accordance with the following equation (USEP A, 1985): 

Where: Average velocity of contaminant constituent 
(feet per day) 

V avg Average ground water linear flow velocity 
(feet per day) 

Rd Retardation factor (unitless) 

As shown on the calculations in Appendix H, the Vc for para-xylenes was found to 
be 0.00055 feet per day. 

7.0 SITE REMEDIATION EFFORTS 
(Refer to Figure 13) 

Former and on-going remediation activities concerning the Koch North Terminal have been 
well documented, and are on file at the NCDENR Wilmington Regional Office. The site PX 
remediation efforts as of March 1995 are summarized as follows: 
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7.1 SURFICIAL GROUND WATER RECOVERY SYSTEM 

Each of the recovery wells have been operating greater than 98% of the time since 
each was installed. The approximate volumes of PX removed have been calculated 
utilizing the total volumes removed from each location and applicable PX 
concentration data. As of April 7, 2000 the volumes recovered can be summarized 
as follows: 

RW-2 (Operating since March 25. 1995) 
Ground Water Recovered: 4,249,488 gallons (gals.) 
Approximate Volume of Dissolved PX Removed: 298 gals. 

KRW-3 (Has been operating prior to March 19. 1995 event) 
Ground Water Recovered since March 19, 1995: 8,445,480 gals. 
Approximate Volume of Dissolved PX Removed: 4,378 gals. 

KRW-4 (Operating since November 3. 1997) 
Ground Water Recovered: 
Approximate Volume ofDissolved PX Removed: 

KRW-5 (Operating since November 3. 1997) 

8,887,390 gals. 
1,813 gals. 

Ground Water Recovered: 8,714,850 gals. 
Approximate Volume of Dissolved PX Removed: 5,099 gals. 

Experience has repeatedly demonstrated that ground water recovery efforts are more 
effective in containment as opposed to accelerated contaminant reduction. The 
KRW-3 was installed in 1986 to intercept the middle ofthe interpolated PX plume 
at the northwest property boundary. Recovery efforts at RW-2 are maintained in 
order to contain any remnants of the AST 301 Release. Recovery wells KRW-4 and 
KRW-5 were installed in order to impact areas of high dissolved PX concentration 
interpolated in 1997. As stated previously, Figure 11 illustrates the influence of 
recovery well pumping efforts upon the area ground water table. It should be noted 
that the KRW-3 cone of depression apparently extends off-site and may be drawing 
some off-site ground water contamination back onto the site. 

7.2 SOIL VAPOR EXTRACTION SYSTEM 

The only site soil vapor extraction (SVE) effort is the 2 hp SVE system installed to 
address remnant AST 301 soil contamination. This system has been operating 
continuously since it was installed on March 21, 1995. Since start-up approximately 
2,051 gallons of residual PX have been removed from subsurface soils at AST 301. 
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7.3 AIR SPARGE SYSTEM 

The air sparge system is designed to remediate the dissolved PX in the site surficial 
ground water as it migrates below the northwest property boundary and between site 
monitoring wells 113 and 106. This is a vertical air sparge system with aeration 
points installed to 38 feet below the ground surface. After the system was fully 
operational (February 6, 1998) field observations indicated that some air sparge 
points were not achieving the anticipated radius of aeration. Additional field 
investigations revealed that multiple subsurface silt/clay layers (18 to 20' below the 
surface) were impeding upward aeration migration, often deflecting aeration efforts 
upgradient or eastward. 

Therefore, additional air sparge wells (18 to 20 feet deep) were installed to maintain 
aeration within the original target zones. The performance of the air sparge system 
is primarily based on the subsequent trends of MIP xylenes concentration data in the 
site surficial ground water (refer to Figure 12). Upon review of Figure 12, note the 
declines in M/P xylenes have been achieved within the zones of aeration (example 
wells 120, MW -17, MW -13 and MW -19) along the northwest property boundary. 
However, the historical monitoring well data downgradient (rnonit~! wells 106 and 
121) of the 106 to 113 air sparge array indicate an appreciable decline in MIP xylenes 
concentrations has yet to be achieved. 

8.0 SUMMARY 

The findings of the gasoline/#2 fuel oil bulk storage assessment can be summarized as 
follows: 

• AST K-5 -No information has been identified involving product release at AST K5. 

• AST K-1 - Analysis of the water sample collected from downgradient monitoring 
well MW-14 revealed low levels ofethylbenzene at 36 ppb (NCAC T15:02L limit 
29 ppb). Analysis of further downgradient monitoring well MW-2 revealed below 
detectable levels of al EPA Method 602 analytes. 

• AST K-4- Analysis of the water sample collected from downgradient monitoring 
well MW-20 revealed concentrations of ethylbenzene at 180 ppb and total xylenes 
at 2,330 ppb. (Limit 530 ppb). Analysis of the water sample from further 
downgradient well MW -1 revealed compliant concentrations of all EPA Method 602 
analytes. 

The findings of the PX facility site assessment can be summarized as follows: 

• A review of the field and laboratory data indicates evidence of several releases which 
have occurred throughout the history of this site. Remnants ofPX and kerosene (low 
sulfur #2 fuel oil) are evident in the site subsurface soils and surficial ground water. 
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• The extent of site soil contamination is best illustrated in Figures 8, 9 and 10. As 
anticipated evidence of previous releases remain as soil contamination above the 
surficial water table. What was unexpected is the extent of contamination below the 
surficial water table as a result of past major releases. 

• Figures 9 and 10 illustrate the natural attenuation factors (attenuation, 
biodegradation, etc.), are active in reducing subsurface contamination down to an 
average of 2 feet below the surficial water table. 

• Figures 9 and 10 also illustrate that natural attenuation is not occurring from 2 to 5 
feet below the surficial water table. These saturated residual contamination zones are 
acting as a secondary source for continued surficial ground water contamination. 
This may explain the high concentration of analytes at monitoring wells (1 06, 121, 
etc.) which are downgradient of active air sparge arays. 

• During the 1981 pipeline release the pipeline backfill may have acted as a conduit 
of preferential flow for the free-phase product as indicated of the data profile (Figure 
9) of the area around the abandoned PX pipeline. This impacted backfill is the 
probable source of contamination currently found at monitoring well117. 

• The extent of site surficial ground water contamination is illustrated on Figure 12. 
The effects of active remediation (air sparge and ground water recovery) are evident 
all along the northwest property except for MW-117. MW-117 is located in an area 
outside the range of active remediation. Active remediation efforts between MW- 120 
and MW -19 are impacting subsurface ground water and soil contamination zones. 

• Remnants of ASTs 601, 801 historical maintenance and incidental releases are 
evident on-site. 

• Remnants of past incidents atASTs 301,401 and associated pipelines are evident on
site. 

• Remnants of soil and ground contamination from the 1981 pipeline incident is 
evident from the original source, extending to the northwest. 

• Figure 14 illustrates the estimated horizontal extent of site surficial ground water and 
soil contamination. 

9.0 RECOMMENDATIONS 

• Evaluate using additional ground water recovery efforts around monitoring well 117 
to control surficial ground water migration in this area. 

• Evaluate various remediation approaches for addressing surficial ground water hot 
spots and the multiple zones of soil contamination. 
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