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EXECUTIVE SUMMARY 

In September 2009, the United States Environmental Protection Agency (EPA) initiated a 

sediment sampling program at Palos Verdes Shelf (PV Shelf), Los Angeles County, California.  

PV Shelf is Operable Unit (OU) 5 of the Montrose Chemical Corporation Superfund Site 

(Montrose). The program was conducted in support of the interim remedy promulgated in the 

Interim Record of Decision (IROD) for Montrose OU 5 (EPA, 2009).  DDTs and PCBs are the 

chemicals of concern (COCs) at PV Shelf. 

Components of the interim remedy for Montrose OU 5 are as follows: 

• 	 Continue the existing institutional controls (ICs) program.  

	 Place an in situ isolation cap (layer of clean sand) over the most contaminated and 

erosive area of sediment.  Successful cap placement will achieve the following:  


o	 Reduce the mean DDT concentration in surface sediment on the shelf from 
150 milligrams per kilogram normalized for organic carbon (mg/kg OC) to  
78 mg/kg OC.   

o	 Reduce the mean PCB concentration in shelf surface sediment to the cleanup level of 
7 mg/kg OC. 

	 Monitoring the natural recovery in sediment to achieve the following: 

o	 Reduce the mean DDT concentration in surface sediment to 23 mg/kg OC.   

o	 Maintain the mean PCB concentration in surface sediment at 7 mg/kg OC. 

The overall objectives of the fall 2009 sediment sampling program were to: (1) gather data to 

establish the baseline condition of the sediment bed; and (2) support the possible remedial design 

(RD) of the interim isolation cap. 

For the 2009 sampling event, EPA designed an array of sediment core locations to cover an area 

of PV Shelf approximately 20 kilometers (km) in alongshore length and 1.5 km in shore-normal 

width. This area is known to encompass the most contaminated portions of the effluent-affected 

(EA) sediment bed.  The EA bed is the deposition of sediment that is affected by wastewater 

effluent from the Joint Water Pollution Control Plant (JWPCP), owned and operated by the 

Sanitation Districts of Los Angeles County [LACSD].  The JWPCP and the corresponding White 

Point outfalls are the recognized historical sources of DDTs and one of several possible historical 

sources of PCBs at PV Shelf. 
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The sediment coring array included 34 baseline locations and an additional 25 locations near the 

outfall diffusers. Cores were collected in October 2009 using a gravity coring device dropped 

from LACSD’s ocean monitoring vessel, the Ocean Sentinel. Nominal ocean depths at the core 

collection locations ranged from about 40 to 150 meters (m).   

More than 1,000 sediment samples were generated and analyzed for physical and chemical 

properties. For each sample, COC chemistry results were organized into groupings as follows: 

	 Total DDTs – the summation of the o,p’- and p,p’- isomers of DDD, DDE, and DDT.  
These forms of DDT have established toxicological criteria in EPA’s Integrated Risk 
Information System (IRIS) 

	 Total DDT Compounds – the summation of Total DDTs plus p,p’-DDMU and p,p’-
DDNU. 

	 Total PCBs – the summation of 28 individual PCB congeners. 

The summation values of these three COC groupings were normalized for OC due to the widely 

accepted view that for nonionic compounds (such as DDTs and PCBs), toxic impacts to 

organisms correlate well to concentrations of contaminants in the sediment OC fraction, but do 

not correlate well with the overall dry weight concentrations of contaminants in sediment, i.e., 

the bioavailability of contaminants is dependent on sediment OC content.   

Results of the physical and chemical tests were used to develop vertical profiles of the sediment 

bed at each core, depicting bulk density values and COC concentrations versus bed depth.  In 

most cases, the profiles indicated a distinction between the EA bed and the underlying native 

sediment. 

Select data parameters were entered into ARC-GIS and Mining Visualization System (MVS) 

software to produce two- and three-dimensional renderings of overall patterns of contamination, 

and conduct geostatistical analyses, including calculations of average COC concentrations and 

COC mass in the EA bed. Output from the geostatistical models indicated a widespread pattern 

of DDT contamination, with areas of high concentrations at the LACSD outfalls, similar to the 

patterns reported by previous investigators. The model output also indicated a widespread 

pattern of PCB contamination, with areas of high concentrations at the LACSD outfalls and 

southeast of the outfalls. 
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For the 0-8-cm sediment bed depth interval (recognized as the biologically active zone in 

PV Shelf sediment), model output calculated the average (mean) concentration of Total DDTs 

normalized for OC to be 56 mg/kg OC, and the average concentration of Total PCBs to be 

0.23 mg/kg OC.  The model also calculated the overall mass of Total DDT Compounds in the 

(modeled) sediment bed to be 20 metric tons (MT), and the overall mass of Total PCBs to be  

0.1 MT. 

Main conclusions of the sediment sampling program are: 

	 Although patterns of COCs in the sediment bed at PV Shelf appear to have not changed 
appreciably over time, COC concentrations detected in sediment samples (and 
corresponding estimates of COC mass at PV Shelf) have dropped significantly.  This 
phenomenon appears to be related to several factors of monitored natural recovery 
(MNR) including dechlorination, sediment erosion, and sediment resuspension coupled 
with desorption of COCs from sediment into seawater.   

	 Output of the MVS model indicated that the average OC-normalized concentrations of 
DDTs and PCBs (56 mg/kg OC and 0.23 mg/kg OC, respectively) are less than the 
cleanup levels for surface sediment identified in the IROD specific to the interim 
isolation cap (78 mg/kg OC and 7 mg/kg OC, respectively).  If data from future 
sampling events continue to indicate that concentrations of COCs are below cleanup 
goals, then an interim cap likely will be rendered unnecessary.  

	 Data gaps exist at PV Shelf. To fully understand the fate and transport of the COCs, 
additional sediment studies should be conducted. In future studies, the coring locations 
used for this 2009 study should be reoccupied, and the procedures for collecting and 
handling cores should be duplicated, to allow for meaningful comparison of data with 
respect to temporal trends, especially in assessing the effectiveness of MNR and 
determining whether COC concentrations have reached applicable cleanup levels. 

* * * * 
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1.0 INTRODUCTION 

The United States Environmental Protection Agency (EPA) Region IX, conducted a sediment 

sampling program at Palos Verdes Shelf (PV Shelf), Los Angeles County, California. PV Shelf 

is Operable Unit (OU) 5 of the Montrose Chemical Corporation (Montrose) Superfund Site.  The 

Montrose Superfund Site is located at 20201 Normandie Avenue, Los Angeles, California.  

An Interim Record of Decision (IROD) for PV Shelf was signed in September 2009 (EPA, 

2009b).  The purpose of this sediment sampling program was to support the interim remedy by 

gathering data to establish the baseline condition of sediment, and to support the possible 

remedial design (RD) of an interim isolation cap.  ITSI Gilbane, Walnut Creek, California, was 

EPA’s prime contractor responsible for the project; the work was conducted under EPA 

Remedial Action Contract II (RAC) Number EP-S9-08-03, Task Order (TO) 0029.  

1.1 HISTORY OF MONTROSE OU 5 

Since 1937, the Joint Water Pollution Control Plant (JWPCP) in Carson, California, operated by 

the Sanitation Districts of Los Angeles County (LACSD), has sent treated wastewater (effluent) 

to ocean outfalls at White Point on the Palos Verdes Peninsula (Figure 1).  From the 1950s to 

1971, the Montrose plant on Normandie Avenue discharged wastewater containing DDTs into 

the local municipal sewer system. The wastewater was treated at JWPCP then discharged to the 

Pacific Ocean via the White Point outfalls.  Until polychlorinated biphenyls (PCBs) were banned 

in 1976, PCBs from local industries also formed part of the wastewater stream discharged to the 

sewer system and, after treatment at JWPCP, to PV Shelf by way of the ocean outfalls.  In 1971, 

annual mass emissions from JWPCP were 167,000 metric tons [MT] of effluent solids, 

containing 21.1 MT of DDT and 5.2 MT of PCBs (SAIC, 2004). Montrose stopped discharging 

DDT to the sewer system in 1971, but damage to the natural environment, most notably the 

collapse of the California brown pelican population due to DDT-related egg-shell thinning, 

already had occurred. 

In 1985, the State of California issued an interim health advisory discouraging consumption of 

white croaker fish.  In 1990, the California Department of Fish and Game (CDFG; now the 
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California Department of Fish and Wildlife [CDFW]) closed the area at PV Shelf to commercial 

fishing for white croaker. 

In 1994, five state and federal Natural Resource Trustees, or “Trustees”, issued a Natural 

Resource Damage Assessment (NRDA) documenting the ecological impacts caused by DDT-

and PCB-contaminated sediment in the PV Shelf area.  

Major conclusions of the 1994 NRDA are summarized below. 

	 The effluent-affected (EA) sediment formed a shallow deposit varying in thickness from 

5 centimeters (cm) to 1 meter (m) and covering 44 square kilometers (km
2
). 

	 Concentrations of chemicals of concern (COCs; i.e., DDT compounds and PCBs) varied 

with depth in the deposit, with the highest concentrations buried under cleaner, but still 

contaminated, sediment. 

	 An estimated 110 MT of DDT compounds and 10 MT of PCBs were mixed within the 

EA sediment (Lee et al., 1994). 

The NRDA findings were used as the basis for EPA’s conceptual site model (CSM) for PV Shelf 

as presented in the Remedial Investigation (RI) report (EPA, 2007b) and in the IROD (EPA, 

2009b).  

Since 1994, through their technical studies, organizations including the Southern California 

Coastal Water Research Project (SCCWRP) and LACSD have contributed to EPA’s 

understanding of PV Shelf.  Concurrent with this 2009 sediment study, EPA has also performed 

field studies focused on modeling sediment transport and assessing degradation of COCs at PV 

Shelf.  In terms of numbers of cores and sediment samples, this baseline assessment is the most 

comprehensive sediment sampling event since the 1992 sediment sampling event performed for 

the 1994 NRDA. 

Since the 1970s, loading rates of contaminated suspended solids emitted through LACSD’s 

White Point outfalls have diminished due to several factors including: (1) industrial pre­

treatment programs related to the Clean Water Act of 1972; (2) the closures of several local 

industrial facilities, including the 1982 closure of the Montrose Normandie Avenue plant (now 

the Montrose Superfund Site); and (3) LACSD’s secondary treatment of wastewater at JWPCP, 

which was initiated in November 1983 and fully online in November 2002.  DDTs have not been 

detected in JWPCP effluent since 2002, and PCBs have not been detected in JWPCP effluent 
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since 1985 (LACSD, 2012).  LACSD continues to operate JWPCP and the White Point outfalls, 

serving 2.5 million southern California residents and 2,300 industries, treating an average of 273 

million gallons per day (mgd) of wastewater (LACSD, 2012). 

1.2 SITE DESCRIPTION 

The PV Shelf Study Area is an area of the continental shelf and near-shore continental slope in 

the Pacific Ocean off the Palos Verdes Peninsula (Figure 1).  The area extends in the alongshore 

direction between Point Fermin and Redondo Canyon, and in the seaward direction from the 

shore to the 200-m isobath.  The study area footprint is about 102 km
2 

and encompasses the vast 

majority of the EA deposit. 

Historical sediment sampling efforts at PV Shelf indicate that parallel to shore, the bulk of the 

EA bed extends roughly from Palos Verdes Point on the northwest to Point Fermin on the 

southeast. In the shore-normal direction, the EA deposit extends from about the 35-m isobath 

out past the shelf break at the 70-m isobath.  Samples of contaminated sediment have been 

retrieved in waters as deep as 700 m on the continental slope (Lee, 1994).  

Previous researchers have surmised that material from the Portuguese Bend Landslide (PBL; 

Figure 1) and other landslides on the Palos Verdes Peninsula has mixed with the contaminated 

solids discharged from the White Point outfalls, resulting in a general enlargement of the EA 

deposit (Kayen et al., 2002).  

The EA bed at PV Shelf generally is distinguishable from the underlying native sediment bed 

due to differing physical and chemical properties, e.g., higher organic carbon (OC), higher 

moisture content, lower mean grain size, lower bulk density, and higher COC concentrations 

(Lee et al., 2002).  Previous investigators have described a three-layer characterization of the 

vertical sediment profile at PV Shelf, as follows (EPA, 2009b): 

 Surficial sediment–Shallow sediment in the 0-20-cm bed-depth interval (though this 

interval can vary widely) has relatively low to moderate DDT concentrations.  

Characteristics of this layer conform to deposition of relatively less contaminated 

material and physical reworking by waves, currents, and benthic invertebrates.  

 Heavily contaminated sediment–Below the shallow sediment, a layer with lower dry bulk 

densities and high DDT concentrations is encountered.  The thickness of this layer varies 

widely along PV Shelf but appears to be greatest near the diffuser (discharge) sections of 

the LACSD outfalls.  
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	 Native sediment–Beneath the heavily contaminated sediment lies the native sediment 

bed; the bed generally is sandy and is less cohesive and is coarser then the layers above.  

It also is further characterized by higher bulk densities and lower concentrations of COCs 

and OC. 

Investigations have shown that DDT at PV Shelf has undergone significant degradation via 

reductive dechlorination to form several breakdown products, including p,p’-DDE and p,p’­

DDMU, while PCBs have not exhibited biodegradation at PV Shelf (Eganhouse et al., 2008). 

Figure 2 illustrates potential microbial degradation pathways for DDT at PV Shelf, and indicates 

that p,p’-DDMU and p,p’-DDNU have been detected historically in samples of PV Shelf 

sediment (Eganhouse et al., 2007).  

In 2002, the following characteristics of the EA deposit were reported (Lee et al., 2002): 

 The maximum thickness of the EA deposit was about 70 cm.
 

 The approximate volume of the EA bed was 10 million cubic meters (m
3
).
 

 About 70 percent of the volume was present in water depths less than 100 m.
 

 The EA bed exhibited strong spatial continuity, notably in the alongshore direction.  


 The dominant direction for transport of sediment was to the northwest.  


Estimates of the mass of DDT compounds at PV Shelf by previous researchers have varied 

greatly, ranging from about 60 MT to 120 MT (Lee, H.J., 1994; Murray et al., 2002; see Section 

4.4.3 of this report).  The median concentration of DDTs in surface sediment at the shelf has 

been reported as 1.9 parts per million (ppm); the median concentration of PCBs has been 

reported as 0.2 ppm (EPA, 2009b). 

More details on PV Shelf and the origin and fate and transport of COCs found at the site are 

available in several sources, including those listed below.  

	 The Distribution and Character of Contaminated Effluent-Affected Sediment, Palos 

Verdes Margin, Southern California, Expert Report (Lee, H.J., 1994) 

	 Final Palos Verdes Shelf Superfund Site Remedial Investigation Report (CH2M Hill, 

2007) 

	 Feasibility Study (FS), May 2009, Palos Verdes Shelf, Operable Unit 5 of the Montrose 

Chemical Corp. Superfund Site (EPA, 2009a) 

	 Interim Record of Decision, Palos Verdes Shelf, Operable Unit 5 of the Montrose 

Chemical Corporation Superfund Site, Los Angeles County, California (EPA, 2009b) 
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1.3 DESCRIPTION OF INTERIM REMEDY 

The interim remedy as described in the IROD has the following components (EPA, 2009b):  

	 Continue the existing institutional controls (ICs) program. 

	 Monitoring the natural recovery to achieve specific Remedial Action Objectives (RAOs). 

	 Place an in situ isolation cap (layer of clean sand) over the most contaminated and 

erosive area of sediment.  The objectives of the cap were to:
 

	 Immediately reduce mean PCB concentrations in surface sediment to the interim 

cleanup level of 7 mg/kg OC; and  

	 Reduce DDT concentrations in surface sediment to an interim cleanup level of 

46 mg/kg OC (half the cleanup level of 23 mg/kg OC) by the first post-cap 5-year 

review (FYR).  

	 Currently, natural recovery alone (i.e., without the interim cap), is estimated to reduce the 

remaining DDT in surface sediment to 46 mg/kg OC by the first FYR (due in September 

2014). 

Specific RAOs promulgated in the IROD include the following (EPA, 2009b): 

	 Reduce risk to human health from eating fish contaminated with DDTs and PCBs by the 

following: 

	 Achieve the goal of 400 micrograms per kilogram (μg/kg) DDTs and 70 μg/kg PCBs 

in white croaker, an indicator fish species. 

	 Maintain the ICs program consisting of public outreach and education; enforcement; 

and monitoring. 

	 As an interim goal, attain a median concentration of 46 mg/kg OC Total DDTs in 

surface sediment (double the cleanup level of 23 mg/kg OC). 

	 As an interim goal, attain a median concentration of 7 mg/kg OC Total PCBs in 

surface sediment by the first FYR. 

	 Reduce risks from DDTs and PCBs to ecological receptors by the following: 

	 Support the Trustees’ strategies to sustain wildlife recovery. 

	 Reduce DDTs and PCBs in surface water to meet EPA’s Ambient Water Quality Criteria 

(AWQC; EPA, 2013) by the following: 

	 Achieve human health AWQC for DDTs of 0.22 nanograms per liter (ng/L) within 

30 years. 

	 As an interim goal, collect and assess PCB data to determine the timeline to meet 

human health AWQC for PCBs of 0.064 ng/L. 

 Minimize impacts to sensitive habitats and biota during cap placement by the following: 

	 Develop a monitoring program to protect kelp beds. 
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	 During cap placement, use low-impact techniques and monitor current speeds and 

sediment resuspension.  Stop work if site-specific standards are exceeded. 

1.4 OBJECTIVES OF THE SEDIMENT SAMPLING PROGRAM 

The area studied during the 2009 sediment sampling program focused on the portion of the PV 

Shelf Study Area from Palos Verdes Point on the northwest to Point Fermin on the southeast, 

i.e., the main part of the EA sediment unit.  LACSD sampling stations for benthic infauna and 

sediment chemistry were used as a basis of locating cores, so that sediment characteristics could 

be compared to past and future measurements.  

The Final Sampling and Analysis Plan for Sediment Sampling, Part 2- Field Sampling Plan 

(FSP; ITSI Gilbane, 2013) provides a detailed description of the sampling program.  The 

objectives of the sampling program conducted in October 2009 are summarized below. 

	 A baseline sampling program was conducted to collect and analyze sediment samples 

along 10 shore-normal transects (Figure 3).  The data, along with additional samples 

collected around the outfalls, are to be used to map the distribution of COCs along the 

shelf and to estimate the mass of COCs.  This baseline program is also intended to 

establish protocols and procedures that can be duplicated during future sampling events, 

e.g., at FYR cycles.  This will allow a meaningful comparison of data sets so that the 

effectiveness of the interim remedy can be assessed.  

	 A more intensive evaluation of the White Point outfall area was conducted to collect and 

analyze sediment samples at more than 30 locations in the vicinity of the diffuser sections 

of the LACSD outfalls (Figure 4).  Data gathered from sediment sample testing are to be 

used during the RD phase, to support the calculation of the mass of COCs (and related 

risks to human health and the environment) and the selection of areas of PV Shelf that 

could undergo capping. 

To meet these objectives, the sediment samples were tested for the following characteristics: 

	 Physical parameters pertinent to evaluating (modeling) sediment transport and the design 

of the interim isolation cap - these include grain size (particle size); sediment bulk 

density; specific gravity; and moisture content.  Values of bulk density and moisture 

content are also used in calculating concentrations of COCs and contaminant mass.   

	 Chemical parameters pertinent to evaluating progress of MNR and for selecting areas 

where an isolation cap will be placed; these include concentrations of the prevalent DDT 

forms encountered at PV Shelf; individual PCB isomers; and total organic carbon (TOC).  
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2.0 METHODS 

This section provides a synopsis of activities that were conducted during the sediment sampling 

program. 

2.1 COLLECTION OF SEDIMENT CORES 

In October 2009, LACSD conducted cruises to collect sediment cores from PV Shelf using the 

monitoring vessel, Ocean Sentinel. Operations for collecting cores are described below. 

2.1.1 11BLocations for Baseline Cores 

As described in the FSP (ITSI Gilbane, 2013), 34 locations for baseline cores were selected 

generally based on LACSD’s standard “benthic” stations; these stations are typically used by 

LACSD to meet requirements in the State of California National Pollutant Discharge Elimination 

System (NPDES) permit (California Regional Water Quality Control Board [Water Board], 

2011) regarding monitoring the conditions of benthic infauna and sediment chemistry related to 

JWPCP outfall discharges.  Figure 3 shows the core locations for the baseline sampling program. 

Parallel to the shore, LACSD’s benthic stations are situated along four main isobaths.  

Designated isobath names and associated nominal depths are as follows: A (300-m depth); B 

(150-m depth); C (60-m depth); and D (30-m depth).  Perpendicular to the shore, the stations are 

organized along 11 transects sequentially numbered north-to-south along the Palos Verdes 

Peninsula, from Transect 0 located north of Palos Verdes Point near Redondo Canyon, to 

Transect 10 located near Point Fermin at San Pedro (Figure 3).  Transect 8 is aligned along the 

White Point outfalls.  

Baseline sediment cores were collected along the 40-m, 60-m, and 150-m isobaths at LACSD 

Transects 1 through 10.  Additional cores were collected along the 100-m isobath at LACSD 

Transects 6 through 9.  Single replicate cores were collected at LACSD stations 2B, 4C, and 5B.  

2.1.2 Locations for Outfall Area Cores 

As described in the FSP (ITSI Gilbane, 2013), 25 locations were selected for coring at a 

relatively higher spatial frequency near the LACSD outfall diffusers; seven of these locations 

were selected for single replicates (Figure 4).  Approximate spacings between adjacent core 

locations ranged from 0.1 km to 1.2 km.  Core locations were selected based on historical data, 
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including concentrations of COCs; erodibility of the sediment; penetration depths of sediment 

profile imaging (SPI) cameras; and reported thickness of the EA bed.  

2.1.3 Mapping, Bathymetry, and Vessel Positioning 

For this sediment sampling event, ArcView by ESRI, Redlands, California, was used as the 

software platform for mapping. The mapping coordinate system was the Geographic Coordinate 

System (GCS) of 1983, based on the Greenwich Meridian and the 1983 North American Datum 

(NAD 83), as provided by ESRI.  Coordinates were reported in degrees-decimal minutes, in 

conformance to previous work at PV Shelf. 

Seabed bathymetry at PV Shelf was based on the low-resolution bathymetric data from multi-

beam sonar surveys of the Los Angeles Margin (Point Dume [Malibu] to Dana Point [Orange 

County]) that were conducted by the United States Geological Survey (USGS) from 1996 to 

1999 (Figure 1).  

To navigate and position the survey vessel, HypackMAX
® 

(Coastal Oceanographic, Inc.) 

software was used with a differential global positioning system (DGPS).  Horizontal accuracy 

was +/-3 m.  A fathometer was used to measure ocean depths at the time of core collection.  

The core location was based both on the desired ocean depth, i.e., along a certain isobath, and on 

the planned latitude and longitude coordinates.  During each coring operation, the vessel position 

was logged, i.e., a navigation fix was recorded, at the exact time that the sampling equipment 

(coring device) reached the seabed.  For replicate samples, collected in the same location as the 

initial (primary) sample, the vessel was repositioned to the original planned coordinates for the 

primary sample. To avoid damage to LACSD infrastructure during coring operations near the 

LACSD outfalls, the Ocean Sentinel ship captain used sonar to monitor the locations of the 

outfall pipes and their associated ballast (support). 

The captain operated a DGPS and manually recorded in a daily navigation log all significant 

events and any problems encountered.  Tables 1 and 2 present the nominal coordinates and water 

depths for the baseline and outfall area sediment cores, respectively.  A total of 69 cores were 

collected from 59 stations. 
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2.1.4 Coring Procedure 

For the fall 2009 sediment sampling program, LACSD’s standard gravity core cylinder was used 

to collect sediment cores. Figure 5 is a schematic of the gravity coring device used for this 

program.  The coring device with cutting head is 94 cm in length and has an effective sampling 

length of about 90 cm.  For coring, the corer was attached to a winch cable; the winch was 

supported by a small crane mounted on the stern of the Ocean Sentinel. Lead weights attached to 

the top of the cylinder provided the driving force for penetration; for the ocean depths at PV 

Shelf, a 23-kg top assembly was used with 11-kg rings to give the corer a total weight of about 

135 kg.  The total length of the coring device with cutting head and weighted top assembly was 

134 cm.  

A clean acetate liner was placed into the core barrel prior to each drop.  To initiate a coring 

event, the research vessel was piloted to the selected sample location.  The crew then used a 

high-speed winch to drop the corer into the ocean. As the corer travelled downward through the 

water column, the hinged cap at the top remained open.  When the coring device hit the bottom, 

a trigger mechanism (weighted bar) closed the hinged cap, providing a suction seal that helped 

retain the sediment core in the metal tube. When the boat crew noted slack in the winch cable, 

the winch was reversed to pull the corer to the surface. The cutting head at the bottom of the 

corer had a passive retainer (an array of sheet metal “fingers”) designed to maintain core 

integrity during retrieval upward through the water column.  

After the corer was placed on the deck, the core was inspected for acceptance or rejection.  

Criteria used in evaluating whether cores should be rejected included: 

 Heavy disturbance of surface sediment, indicated by muddy water at the top of the core 

liner; 

 Water leakage out of the sides of the corer, causing the core to slump; 

 Formation of a “heel” on the bottom of the core; 

 Unusually short cores in comparison to historical data; 

 Rocky conditions at the ocean floor; or 

 Damage to the coring device (possibly due to a rocky ocean floor). 
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Details of core acceptance and rejection are included in Section 3.1.  Each accepted core was 

retrieved from the corer with the acetate liner intact.  The liner ends were sealed and strapping 

tape was applied as necessary to maintain core integrity.  The core length was measured and 

recorded and the core was placed into a galvanized steel (GS) sleeve.  The core liner was marked 

with indelible ink to record the core location name, core length (measured in cm), and sampling 

date. 

Retrieved cores were immediately stored vertically in one of two shipboard wooden cold boxes.  

Each cold box had been previously stocked with dry ice and equipped with supports to hold nine 

cores.  Approximately 1 liter of liquid nitrogen was applied to the ends of the GS sleeve to 

provide quick freezing.  All cores were transported to JWPCP for storage in a deep freezer, 

sometimes on a daily basis, if capacity in the cold boxes was full or near-full.  

2.2 CORE CUTTING AND PREPARATION OF SEDIMENT SAMPLES 

Cores were cut into slices at JWPCP during two separate events, one event occurring from 16-20 

November 2009, and another event conducted from 08-10 February 2010.  Core cutting was 

conducted by LACSD staff at the Water Quality Laboratory (WQL) at JWPCP.  Cutting 

techniques conformed to WQL’s Sediment Core Cutting Procedure, Method 500C (see FSP – 

ITSI Gilbane, 2013). Each slice had an approximate thickness of 2 cm.  Cuts were made until 

the bottom remaining material was less than 2-cm thick, and this remainder was discarded.  A 

total of 1,704 sediment slices was generated from the sediment cores collected during the 2009 

sampling event. 

To create samples after the cores were cut, the outer ring of each frozen core slice initially was 

trimmed using a ring punch to remove potentially smeared material generated during bed 

penetration.  The remaining slice then was broken into chunks while still frozen and partitioned 

into four portions of approximately equal volume.  The weight of the portions ranged from 

approximately 60 grams (g) to 120 g, with an average of 90 g.  The portions of each slice were 

distributed into three containers (4-ounce amber glass jars with Teflon-lined caps) as follows: 

one portion for chemical testing; two portions for geotechnical testing; and one portion for 

archiving (deep-freeze).  As agreed between EPA and LACSD, archived samples were sent to 

the LACSD sediment archive for storage.  
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2.3 TESTING OF SAMPLES 

Sediment samples generated from the core cutting events were transported from JWPCP under 

chain-of-custody (COC) protocol to GMU Geotechnical, Inc. (GMU), Rancho Santa Margarita, 

California, for geotechnical testing and to Calscience Environmental Laboratories, Inc. 

(Calscience), Garden Grove, California, for testing of chemistry parameters and for moisture 

content.  A separate set of COC forms was generated for each destination.  

The 0-to-8-cm layer of the sediment bed at PV Shelf has been recognized as the biologically 

active zone where a majority of the benthic biological activity occurs (SAIC, 2005a).  At both 

laboratories, the four 2-cm-thick slices of each core, representing the bed depth interval of 0 to 8 

cm, were tested separately. For the portions of each core representing the bed interval greater 

than 8 cm, two-way composite samples were prepared by combining slices representing two 

successive sample intervals (e.g., the slices corresponding to bed depth intervals of 8-10 cm and 

10-to-12 cm).  For cores with an odd number of slices, the slice remaining after two-way 

compositing, i.e., the deepest slice, was analyzed separately. 

2.3.1 Geotechnical Tests 

At GMU, samples were stored in a freezer until they were prepared for analysis. Sample 

preparation steps included opening the sample containers and examining the frozen chunks.  

Where no compositing was required, samples were thawed and analyzed by test methods listed 

below.  For testing the two-way sample composites for bulk density, the two individual samples 

were first examined independently while still frozen; the largest single chunk was selected as 

being representative of the composite and, while still frozen, tested for bulk density.  For the 

other geotechnical tests (i.e., grain size and specific gravity) where sample compositing was 

required, laboratory staff removed thawed aliquots of equal weight from each of the two 

individual sample containers and placed them into a clean glass beaker.  The aliquots then were 

mixed using a stainless steel spoon or spatula to create a visually homogeneous mixture. The 

mixture was then tested for grain size and specific gravity as listed below. 

After compositing, a total of 1,005 samples was generated.  Sample counts were as follows: 495 

samples were generated for the baseline cores; 42 samples were generated for the baseline 

replicate cores; 357 samples were generated for the outfall area cores; and 109 samples were 

generated for the outfall area replicate cores.  Bottom-core samples BA9DC01200949 (bed-depth 
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interval 48-50 cm) and OA1101200973 (bed-depth interval 72-74 cm) were never in GMU’s 

custody and were not analyzed for geotechnical parameters.  These two samples were presumed 

lost in transit. 

GMU conducted the following tests on the sediment samples: 

	 For testing grain size, GMU used ASTM D422-63: Standard Test Method for Particle-

Size Analysis of Soils. Following this standard, GMU used sieves to determine the grain 

size distribution for particles 75 microns (µm; #200 sieve) and larger, and a hydrometer 

to measure the distribution of particle sizes smaller than 75 µm. 

	 For testing bulk density, GMU used ASTM D7263-09: Standard Test Method for 

Laboratory Determination of Density (Unit Weight) of Soil Specimens, Method A (direct 

measurement). 

	 For testing specific gravity (the ratio of the weight of a sample to the weight of an equal 

volume of water), GMU used techniques for moist soil as described in ASTM D854-98, 

Standard Test Method for Specific Gravity of Soil. 

2.3.2 Chemistry Tests 

At Calscience, samples were stored in a freezer until they were prepared for analysis.  Calscience 

tested sediment samples for moisture content, TOC, and COCs.  Calscience is certified as an 

environmental testing laboratory under the Environmental Laboratory Accreditation Program 

(ELAP) administered by the California Department of Public Health (DPH).  (As of July 1999, 

the National Environmental Laboratory Accreditation Program [NELAP] recognized ELAP to be 

the NELAP-accrediting authority for California.) Calscience was selected for this sampling 

event as a result of a rigorous laboratory evaluation; this evaluation involved three candidate 

laboratories and included analyses of a standard reference material (SRM) obtained from the 

National Institute of Standards and Technology (NIST). 

At Calscience, samples were accepted from the courier and stored in a freezer until they were 

prepared for analysis.  Sample preparation steps included thawing the frozen samples and mixing 

them in the original sample containers using a stainless steel utensil.  When two samples were 

composited, laboratory staff removed aliquots of equal weight from each of the two sample 

containers and placed them into a certified-clean container.  The aliquots then were mixed using 

a stainless steel spoon or spatula to create a visually homogenous mixture. 
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After compositing, a total of 1,005 samples was generated.  Sample counts were as follows: 496 

samples were generated for the baseline primary cores; 42 samples were generated for the 

baseline replicate cores; 358 samples were generated for the outfall area primary cores; and 109 

samples were generated for the outfall area replicate cores. 

Tests of the sediment samples were conducted in accordance with the requirements specified in 

the following guidance documents: 

	 Test Methods for Evaluating Solid Waste, SW-846 Physical/Chemical Methods (EPA, 

2007a) 

	 ASTM Standard D2216-05, 2005, Standard Test Methods for Laboratory Determination 

of Water (Moisture) Content of Soil and Rock by Mass 

	 Final Sampling and Analysis Plan for Sediment Sampling, Part 1 - Quality Assurance 

Project Plan (QAPP; ITSI Gilbane, 2013) 

The specific analytical methods used for this project are listed below: 

	 TOC using EPA Method 9060, a water method modified for sediment.  This method 

includes an acidification step.  

	 Percent moisture (moisture content) using Calscience standard operating procedure 

(SOP) M700, based on ASTM D2216-05, (EPA Method 160.3/SM 2540 B), 

Determination of Moisture or Solids Content 

	 DDTs and PCBS using EPA Method 8270SIM 

Table 3 lists the individual chemistry analytes, including eight DDT compounds and 28 PCB 

congeners, along with the associated reporting limits used for the chemistry tests. For p,p’ ­

DDMU and p,p’-DDNU, Calscience performed method detection limit (MDL) studies.  

2.4 DATA MANAGEMENT SYSTEM 

A web-based environmental data management system (eDMS) was used to manage the data 

received from the geotechnical and chemistry laboratories.  The eDMS provided access to the 

chemistry data for the data validation step (Section 2.5) and, combined with Access software, 

allowed for quick transfer and tabulation of data.  

2.5 DATA VALIDATION 

Analytical data were reviewed and validated by Synectics, Inc. (Synectics), Sacramento, 

California, following procedures specified in the QAPP (ITSI Gilbane, 2013).  Ninety percent of 

the data were subjected to a “routine” data validation approach; 10 percent of the data were 
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subjected to full data validation.  Synectics used an automated data validation system augmented 

by manual review.  

2.6 MVS GEOSTATISTICAL MODEL 

Mining Visualization System (MVS) software (C Tech Development Corporation, Bellingham, 

Washington) was used as the geostatistical modeling platform to provide crucial calculations 

including average COC concentrations.  The MVS model was set up using a rectilinear three-

dimensional (3D) grid aligned roughly parallel to the shore, in the general direction of the 

recognized dominant transport pathway at PV Shelf (Sherwood et al., 2006).  The initial model 

extent was the area surrounding the sediment cores, with a buffer of 10 percent across the entire 

domain. That area was trimmed on the seaward side at the 150-m isobath (the “A” stations were 

included) and on the inshore side along the 30-m isobath, due to fact that data were not available 

to map past those boundaries. As such, the total modeled area was 29.8 km
2
. The model 

resolution was 371 x 142 x 44 in the x (alongshore), y (shore-normal), and z (bed-depth) 

directions, respectively, resulting in 2.3 million cells. 

The MVS model used two-dimensional (2D) kriging for geological surfaces and 3D kriging for 

geotechnical and chemistry data.  The kriging approach considered proximities of samples both 

in the areal and vertical directions (corrected from elevation to bed depth), as well as the 

heterogeneity of the data set being analyzed. 

Themes’ model was used to derive values for various characteristics at PV Shelf, including 

average concentrations and total masses of COCs for both the entire modeled grid and the 0-8 cm 

sediment layer.  Appendix A presents a detailed discussion of the MVS modeling effort and 

software parameters and provides a contextual analysis of input/output parameters and values.  
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3.0 RESULTS 

This section presents the results of the sediment sampling program, including the coring efforts, 

geotechnical tests, and chemistry tests. 

3.1 CORE RETRIEVAL 

Aside from one bad weather day (heavy winds, high seas) on 13 October 2009, core retrieval 

operations went as planned.  Daily cruises for core collection were conducted on 14-16 October 

and 19-20 October 2009. Core retrieval was difficult at location BA2B on the 150-m isobath, 

where two drops of the coring device resulted in lack of recovery (likely due to rocky substrate); 

a satisfactory core 25 cm in length was retrieved on the third drop.  One of the 12-cm cores was 

retained and processed as the BA2B primary core; the 25-cm core was retained and processed as 

a replicate core (BA2BR). At BA7BC on the 100-m isobath, three drops were made to obtain a 

satisfactory core.  At several locations, damage to the coring device or the liners in the coring 

device occurred during the operation, requiring additional drops.  Daily coring success rates, 

defined as the number of retrieved cores divided by the number of drops, were 79, 86, 94, 100, 

and 89 percent for the 5 days of active coring.  

Table 4 presents lengths of cores from the 2009 sediment sampling program.  The maximum 

core length was 88 cm at location BA5DC, offshore of Portuguese Bend at a nominal ocean 

depth of 40 m.  Other cores with lengths of 80 cm or greater were retrieved at locations BA4DC 

and BA5C, also offshore of Portuguese Bend, and at locations OA5 and OA11 near the LACSD 

outfall diffusers.  The average length of successfully retrieved cores was about 50 cm. For the 

cores collected along the major isobaths, average core lengths were as follows: 51 cm for the 40­

m isobath; 56 cm for the 60-m isobath; 33 cm for the 100-m isobath; and 44 cm for the 150-m 

isobath. For the 10 locations where replicates were collected, ratios of primary core lengths to 

replicate core lengths varied from 1:2 (BA2B) to 1:1 (BA4C) to 1:0.75 (OA22). 

3.2 RESULTS OF PHYSICAL TESTS 

Summary tables of grain size test results for baseline and outfall area samples are provided in 

Appendices B and C, respectively.  Summary tables of test results for bulk density, moisture 

content, and specific gravity are provided in Appendices D and E, respectively.  
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3.2.1 Grain Size 

Values of percent retained and cumulative percent retained were reported for standard sieve and 

hydrometer tests, along with corresponding phi scale values based on the Wentworth 

Classification System.  The phi scale is a base-two logarithmic scale with the negative exponent 

of the grain size in millimeters (mm). Table 5 presents grain-size data for cores along the 60-m 

isobath, where the highest COC concentrations typically are centered (Lee, H.J., 1994).  Cores 

collected northwest of the outfalls had lower average sand content and higher average clay 

content than cores collected southeast of the outfalls. 

3.2.2 Bulk Density, Moisture Content, and Specific Gravity 

Appendices D and E present tables showing values of wet bulk density and specific gravity as 

reported from the geotechnical laboratory and moisture content percentages as reported from the 

chemistry laboratory, for the baseline and outfall area samples, respectively.  The specific gravity 

value is the ratio of the density of the dry-solids fraction of the sample to the density of water.  

The tables also report computed values of dry bulk density, calculated as follows: 

1

B
dry

W


 


where: 

= wet bulk density of the sediment in grams per cubic centimeter (g/cm
3
)B 

W	 = fractional moisture content (non-dimensional). 

Ranges of values in single samples were as follows: 

	 Moisture content values ranged from about 19 percent in core BA7BC (located on the 

100-m isobath, in the 8-12-cm bed-depth interval), to about 70 percent in core OA11 (on 

the 50-m isobath, in the 0-2 cm interval).  

	 Dry bulk density values ranged from 0.67 g/cm
3 

in core OA03 (located on the 80-m 

isobath, near the LACSD outfall diffusers, in the 0-2 cm bed-depth interval), to 1.6 g/cm
3 

in core BA6B (on the 150-m isobath, in the 36-40 cm interval). 

	 Specific gravity values ranged from 2.01 in core BA5B (located on the 150-m isobath, in 

the 12-16-cm bed-depth interval), to 2.99 in core BA6BC (on the 100-m isobath, in the 

36-40-cm bed-depth interval). 

For the 0-8-cm interval, average values over all cores were 41 percent for moisture content, 1.04 

g/cm
3 

for dry bulk density, and 2.69 for specific gravity.  For the core intervals below 8 cm, the 

average values were 37 percent, 1.13 g/cm
3
, and 2.56, respectively. 
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3.3 RESULTS OF CHEMISTRY TESTS 

Appendices F and G present test results for TOC and DDT analyses of samples derived from the 

baseline and outfall area cores, respectively.  Results for the DDT analytes were reported from 

the testing laboratory using three significant figures. Appendix H includes the complete 

laboratory reports from the analytical laboratory.  

3.3.1 Total Organic Carbon 

Reported values of TOC for single samples ranged from 0.44 percent in core BA10C (located on 

the 60-m isobath southeast of the LACSD diffusers, in the 20-22 cm bed-depth interval), to 

13 percent in core OA05 (on the 60-m isobath, in the 36-40 cm interval).  Table 5 lists the TOC 

values for cores collected along the 60-m isobath.  Values were generally higher for cores 

northwest of the LACSD outfalls compared to cores southeast of the outfalls.  

TOC values showed good (albeit non-linear) correlations with concentrations of Total DDT 

2	 2 2
Compounds (R = 0.76) and with Total PCBs (R = 0.78). (R is the correlation coefficient 

calculated by MS Excel, with 1.00 indicating a strong correlation, and 0 indicating no correlation 

– Appendix I includes graphic representations of these correlations). 

3.3.2 DDTs 

Results of individual DDT analytes were organized into two DDT groupings as follows: 

 Total DDTs, i.e., the summation of the o,p’- and p,p’- isomers of DDD, DDE, and DDT.  

These forms of DDT have established toxicological criteria in EPA’s Integrated Risk 

Information System (IRIS) 

	 Total DDT Compounds, i.e., the summation of Total DDTs plus p,p’-DDMU and p,p’­

DDNU.  The latter two substances have been reported as DDT breakdown products at PV 

Shelf (Eganhouse et al., 2008). 

Appendices F and G present test results of individual DDT analytes, Total DDTs, and Total DDT 

Compounds in baseline and outfall area cores, respectively.  

Total DDT Compounds were detected in all sample depth intervals in 31 out of 37 baseline cores 

and 30 out of 32 outfall area cores; they were detected in at least one depth interval of every 

sediment core collected during the 2009 sampling event. Values of reported detections of Total 

DDT Compounds for single samples ranged from 2.2 μg/kg in core BA4B (located on the 150-m 

isobath, in the 36-40 cm bed-depth interval) to 302,000 μg/kg in core BA8C (on the60-m 
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isobath, in the 20-24 cm interval). The most prevalent DDT compounds were p,p’-DDE and 

p,p’-DDMU, both in terms of the number of detections and the range of concentrations.  The 

parent compound DDT was reported only at low relative concentrations.  This trend was evident 

for both the entire modeled grid and the upper 0-8 cm layer. 

Table 6 shows average concentrations of the DDT groupings in the 0-8-cm bed interval of each 

core; carbon-normalized values are also indicated. Table 7 shows site-wide average 

concentrations for the main DDT groupings in both the total bed and the 0-8 cm interval for the 

baseline and the outfall areas, based on output of the MVS geostatistical model. 

3.3.3 PCBs 

Appendices J and K present test results of individual PCB congeners and Total PCBs for the 

samples generated from the baseline and outfall area cores, respectively.  Results are presented 

with three significant figures. 

PCB congeners were detected in at least one sample depth interval from every core collected.  

Reported values of Total PCBs in single samples ranged from 2.5 μg/kg in core OA09 (located 

on the 40-m isobath, in the 8-12-cm bed-depth interval) to 12,000 μg/kg in core BA8C (on the 

60-m isobath, in the 28-36-cm interval).  For several cores (BA1B, BA2B, BA10B, BA7BC, 

BA10C), PCBs were detected only in samples generated from the shallow (0-8 cm) bed-depth 

interval; for other cores (BA3B, BA8BC, BA9BC, BA4C, BA7C, BA8C, OA14, OA22, OA22R, 

OA24, OA25, BA1DC, BA6DC, and BA8DC), PCBs were detected in samples generated from 

every bed-depth interval in the core. 

Table 8 shows average concentrations of Total PCBs in the 0-8-cm bed interval of each core; 

carbon-normalized values are also indicated.  Table 7 shows site-wide average concentrations for 

Total PCBs in both the total bed and the 0-8 cm interval for baseline and outfall areas, based on 

output of the MVS geostatistical model. 

3.4 RESULTS OF GEOSTATISTICAL MODELING 

All chemical results were entered into ARC-GIS and MVS.  The software packages were used to 

generate concentration contour plots and to calculate characteristics of the EA sediment bed, 

including mass of COCs. Table 9 lists the values of COC mass generated by the MVS 

geostatistical model.  As indicated, values of the mass of Total DDTs were 14,000 kg (14 MT) 
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for the entire bed, and 1,700 kg (1.7 MT) for the 0-8-cm bed interval.  Values of Total DDT 

Compounds were 20,000 kg (20 MT) for the entire bed, and 2,200 (2.2 MT) for the 0-8-cm bed 

interval.  Values of Total PCBs were 1,000 kg (1 MT) for the total bed and 110 kg (0.11 MT) for 

the 0-8-cm bed interval.  

The computational approach used by the MVS model is described below. 

	 The 2009 sediment data set was used to extrapolate values of dry bulk density and COC 

concentrations at each of the 2.3 million individual cells.  The MVS model used a 

computational approach called cell averaging.  

	 The model calculated a mass inventory volume (MIV) for each cell by multiplying the 

dry bulk density by the COC concentration.  Eight DDT analytes were calculated 

individually; the PCBs congeners were grouped into a summation (Total PCBs) and then 

multiplied by the dry bulk density.  

	 The model extrapolated these MIV values to generate an MIV for each cell node.  

	 The nodal MIVs were summed.  

	 The respective summations were divided by the number of nodes to attain average MIV 

values. 

	 The average MIV values were then multiplied by the modeled volume to produce the 

total COC mass. 

Estimates of contaminant mass provided by the geostatistical model were significantly lower 

than earlier estimates.  This led EPA to conduct, through the Superfund Sediment Resource 

Center (SSRC), an independent review of the MVS model application.  SSRC used the 2009 data 

set and MVS modeling software (using adaptive gridding in place of cell averaging) to derive 

select characteristics for the PV Shelf EA bed, including mass of p-p’-DDE and Total PCBs.  

Conclusions of SSRC’s effort are summarized below. 

	 Mass estimates of p-p’-DDE are sensitive to the value of horizontal-to-vertical 

anisotropy.  


	 The SSRC mass estimates for p-p’-DDE and Total PCBs were in good agreement with 

the original MVS values. 

	 Applying the 2009 modeled domain to the USGS 1992 data set resulted in values of p-p’ ­

DDE mass ranging from 38.5 MT to 53.1 MT, depending on the horizontal-to-vertical 

anisotropy.  (Note that USGS values for p-p’-DDE mass for the 1992 data set ranged 

from 61.4 MT to 72 MT, depending on computational approach [see Section 4.4.3]).  

Two technical memoranda were generated by SSRC contractors; these are included in an 

attachment to Appendix A.  
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4.0 DISCUSSION 

This section presents discussions of the results of geotechnical tests, chemical tests, and the 

output of the geostatistical model.  Topics include chemical data quality, vertical depth profiles, 

patterns of COC contamination, COC mass, and uncertainty. 

4.1 QUALITY OF CHEMICAL DATA 

Various efforts were made to validate the quality of chemical data gathered during this sampling 

event.  These efforts are described below. 

4.1.1 Results of Data Validation 

As previously discussed, analytical data were reviewed and validated following procedures 

specified in the QAPP (ITSI Gilbane, 2013).  Of the nearly 19,000 primary sample results for the 

baseline cores, one result (less than 0.1 percent) was rejected due to laboratory anomalies, 

rendering a completeness factor of 99.9 percent, well exceeding the QAPP goal of 90 percent.  

Of the nearly 18,000 primary sample results for the outfall area cores, five results (less than 0.1 

percent) were rejected due to laboratory anomalies, rendering a completeness factor of 99.9 

percent, again exceeding the QAPP goal of 90 percent.  

The ITSI Gilbane project chemist conducted an overall QC review after receiving data validation 

reports and developed two Quality Control Summary Reports (QCSRs) to address the data for 

baseline samples and the data for the outfall area samples.  The QCSRs indicate that project data 

quality objectives (DQOs) were met and that all data were useful.  Copies of the QCSRs are 

included in Appendix H. 

During sediment testing, a procedural improvement for preparing DDT samples was proposed by 

Calscience and reviewed and approved by EPA, as follows: implement a secondary cleanup step 

using a solid-phase extraction cartridge (in addition to the primary cleanup using solvent 

exchange) to remove interfering organic matter from samples. This step was an attempt to reduce 

the rate of DDT degradation (breakdown to DDE and DDE) observed occurring in the injection 

port liner or the gas chromatography/mass spectrometry (GC/MS) instrument during sample 

analysis.  Calscience demonstrated that this secondary cleanup process allowed for a reduction in 

the frequency of cleaning the injection port, thereby enhancing the stability and performance of 
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the GC/MS instrument, and ultimately resulting in improved data accuracy. A detailed 

description of this approach is located in Attachment 2 of Appendix H.5.  

4.1.2 Interlaboratory Comparison Study 

EPA, with cooperation from USGS and the EPA Quality Assurance Technical Services (QATS) 

program, sponsored an interlaboratory comparison using a site-specific reference material 

(SSRM) for PV Shelf. This comparison concluded that analytical results reported by Calscience 

for all DDT analytes were acceptable, based on the confidence intervals developed for the study.  

For this study, Calscience did apply the secondary cleanup step described in Section 4.1.1.  A 

copy of the technical memorandum describing the interlaboratory comparison is included in 

Appendix H.  

4.2 DISTRIBUTION OF CONTAMINANTS 

Researchers have reported that the toxicity of nonionic organic chemicals (such as DDTs and 

PCBs) in sediment appears to correlate well with concentrations of contaminants in the sediment 

OC fraction, but does not correlate well with the overall dry weight concentrations of the 

chemicals, i.e., the bioavailability of contaminants is related to the OC fraction (DiToro et al., 

1991; Michelsen, T.C., 1992).  The selected remedy in the IROD is based on contaminant 

concentrations normalized for OC (EPA, 2009b).  For these reasons, the 2009 sediment 

laboratory data were manipulated to provide normalization for OC.  The OC normalization was 

calculated as follows: 

weightdrykgTOCkg

weightdrykgg
OCkgg

/

/
/


 

where: 

μg/kg OC 

μg/kg dry weight 

kg TOC/kg dry weight 

= 

= 

= 

micrograms of the chemical per kilogram of organic 

carbon 

micrograms of the chemical per kilogram of dry weight 

sample 

percent TOC in dry weight sample expressed as a decimal, 

e.g., 1% TOC = 0.01 

For example: 
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OCkgDDTsTotalg

weightdrykgTOCkg

weightdrykgDDTsTotalg

/000,65

/01.0

/650







Figure 6 (based on ARC GIS software output) is an interpretive rendering of concentrations of 

Total DDTs (in μg/kg OC) for the 0-8-cm bed interval.  Figure 7 (based on output of the MVS 

model) shows a vertical profile of interpretive Total DDT concentrations along the 60-m isobath, 

i.e., the isobath where the diffuser portions of the 90-inch and 120-inch outfalls (the outfalls that 

LACSD typically operates) generally are located, and where concentrations typically are 

centered. Based on the data gathered during the fall 2009 coring event, the geometry of the DDT 

deposit conforms to geometries previously reported or postulated by other investigators, i.e., the 

pattern of DDT contamination displays a center of mass near the LACSD outfall diffusers, and 

the DDT concentrations generally diminish with distance from the diffusers.  As depicted in 

Figure 4, a significant Total DDTs hot spot deposit appears in the 0-8-cm bed interval along the 

60-m isobath near the eastern diffuser of the 90-inch outfall. Figure 7 illustrates the difference 

between the 0-8-cm bed interval and the intervals below 8 cm, where concentrations display hot 

spots along the 60-m isobath in areas northwest of the LACSD outfalls.  

Figure 8 (based on ARC GIS software) is an interpretive rendering of concentrations of Total 

PCBs normalized for OC for the 0-8-cm bed interval.  Figure 9 (based on output of the MVS 

model) is a vertical profile of interpretive Total PCB concentrations along the 60-m isobath. The 

pattern of interpretive PCBs in the 0-8-cm interval displays areas of elevated concentrations in 

the following areas: 

	 Near the LACSD outfall diffusers along the 60-m isobath 

	 At depths of 60 m and deeper along the diffuser section of LACSD’s 120-inch
 
(southernmost) outfall
 

	 Approximately 1,500 m southeast of the 120-inch outfall, roughly centered on the 70-m 

isobath 

Figure 9 illustrates the difference between the 0-8-cm interval and the intervals below 8 cm, 

where PCBs appear in elevated concentrations along the 60-m isobath in areas northwest of the 

LACSD outfalls.  
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4.3 DIMENSIONS OF THE EA SEDIMENT BED 

Appendix L presents vertical profiles of the baseline cores and outfall area cores, showing depth 

in the core versus values of dry bulk density and the three COC groupings (Total DDTs, Total 

DDT Compounds, and Total PCBs).  Profiles for most cores appear to corroborate the three-layer 

model described previously (Section 1.2), in that distinct differences in the dry bulk density 

values and COC concentrations can be noticed with depth.  

Estimates of the thickness of the EA bed were made using the vertical profiles (Lee, H.J., 1994).  

The estimated thicknesses based on bulk density, DDTs, and PCBs were averaged to produce an 

estimated thickness (Appendix L and Table 4). In some cases where parameters did not exhibit 

distinct layering, the EA bed thickness was assumed to be equal to the core length.  

The average bed thicknesses were input into the ARC-GIS file and the following steps were used 

to calculate a bed volume: 

	 To create a 3D shape of the EA bed, ESRI Spline Tension software was used to create a 

top and bottom surface of the bed.  The following default settings were used: weight = 

0.1; number of points = 12; cell size = 20 m by 20m.  The resulting surfaces were smooth 

and passed through each data point. 

	 In some areas along the boundary of the modeled area, surfaces were calculated by 

interpolation.  

	 The ESRI Surface Volume software module was used to calculate the volume from each 

surface to the ocean surface (elevation = 0).  

	 The bed-top volume was subtracted from the bed-bottom volume to render an estimate of 

the EA bed volume. 

This approach produced an estimated EA bed volume of 1.1 X 10
7 

m
3
. This value is lower than 

the volume used in the MVS model (1.5 X 10
7 

m
3
), which was based on actual lengths of 

retrieved cores.  

4.4 TEMPORAL CHANGES IN THE EA DEPOSIT 

4.4.1 Sediment Transport 

Previous researchers have examined changes over time in the estimated values of the thickness 

and volume of the EA bed to assess whether a site along PV Shelf is erosional or depositional.  

Due to inconsistencies in methods between previous sediment sampling events and the fall 2009 

sampling event, no meaningful assessment of erosion or deposition could be made based on a 
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comparison of data sets.  In future sediment sampling events, EPA will use the same methods 

used during the fall 2009 program to the greatest extent possible, so that meaningful comparisons 

between data sets can be made.  

4.4.2 Changes in Spatial Distribution of Contaminants 

As discussed previously, although the general shape of the EA deposit does not appear to have 

changed appreciably since previous sediment sampling events, concentrations of COCs appear to 

have dropped significantly in the surface sediment.  As has been reported previously, location 

BA8C near the LASCD diffusers appears to represent the most contaminated area on PV Shelf; 

for the 2009 data set, maximum concentrations of both Total DDT Compounds and Total PCBs 

were also found in core BA8C.  Figures 10 and 11 illustrate the differences in interpretive 

concentrations in the top 2 cm of the sediment bed between data collected in 2002/2004 and the 

data collected in 2009 for DDTs and PCBs, respectively.  These figures again indicate that 

concentrations of both DDTs and PCBs appear to have decreased significantly.  

4.4.3 Mass of Contaminants 

Previous researchers have used p,p’-DDE in mass calculations.  Table 10 summarizes estimates 

of the masses of p,p’-DDE and PCBs by various researchers and indicates the wide differences 

between studies.  The 9.7 MT and 13.8 MT values for p-p’-DDE calculated by the two MVS 

models based on the 2009 data set are significantly less than previous mass estimates.  These 

differences may be associated with: 

	 Different data sets (previous data sets were generated as much as 30 years ago) 

	 Ongoing MNR processes (see Section 5.0) 

	 The reduced area evaluated by the MVS model relative to the areas previously examined 

	 Differences between the computational approaches used in the MVS model and those 

used in previous approaches 

4.5 COMPARISON TO IROD CLEANUP LEVELS 

As previously described, the IROD calls out the following objectives of the isolation cap: 

	 Mean DDT concentration in surface sediment on the shelf will be reduced from 

150 mg/kg OC to 78 mg/kg OC (in combination with MNR, the interim cleanup level of 

46 mg/kg OC in surface sediment would be reached within 5 years of cap placement). 

	 Mean PCB concentrations in shelf surface sediment will be reduced to the cleanup level 

of 7 mg/kg OC.  
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Based on the 2009 data set, the model output value was 56 mg/kg OC (56,000 μg/kg OC;
 

Table 7) for mean Total DDTs OC in the 0-8-cm bed interval; this value is less than the interim 


cleanup level, i.e., the interim cap objective has been met.  For PCBs, the model output mean 


value of 0.23 mg/kg OC (230 μg/kg OC; Table 8) is below the cleanup level of 7 mg/kg OC.
 

4.6 UNCERTAINTIES AND POSSIBLE SOURCES OF ERROR 

There are uncertainties related to several possible sources of error for this project, as described in 

the following subsections. 

4.6.1 Coring Procedure 

There are limitations inherent in collecting cores of a layered low-density (soft bottom) seabed at 

the ocean depths seen in this study.  Some researchers have postulated that gravity corers provide 

incomplete samples of the surface of the sediment column (Lee, H.J., 1994; Lee et al., 2002).  

Vertical profiles for several cores indicate that the bottom of the EA bed may not have been 

reached, based on elevated COC concentrations reported for samples generated for the core 

bottom (Appendix L).  

For the 2009 sampling event, the decision to terminate core penetration into the sediment was 

based on an observation of slack in the winch cable, attributed to refusal of the coring device.  

However, similarities between the results of geotechnical tests for the primary and replicate 

samples in the shallow (0-8 cm) and middle-depth intervals may indicate that the coring 

procedure was successful in recovering nearly similar cores through the top and middle intervals 

of the EA bed, and that the refusal noted by the winch operator resulted in variations in the 

amounts of material being recovered from deeper, relatively less contaminated depths. 

Correlation graphs comparing COC concentrations in primary and replicate cores are provided in 

Appendix I; R
2 

values are 0.63 for Total DDTs, indicating good correlation, and 0.37 for Total 

PCBs, indicating moderate correlation.  

4.6.2 Spatial Uncertainty 

The coring frequency of the baseline sampling was 34 cores over a modeled area of 30 km
2
, 

correlating to one core per 0.9 km
2
. For the outfall area, the coring frequency (including the 

baseline cores from LACSD Transects 6 through 9) was 41 cores over a modeled area of 11 km
2
, 

correlating to one core per 0.3 km
2
. To address the spatial uncertainty in distributions of COCs 

in light of the sparse coring array, the MVS geostatistical model was used to calculate 
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“confidence” for the 2009 sampling program.  The software was programmed to determine the 

confidence for a predicted COC concentration to fall within a factor of two (i.e., 1/2-to-2X) of 

the actual concentration. Appendix A provides a detailed discussion of uncertainty based on 

model output, and concludes that the overall site is reasonably well characterized for COCs. 

Although the bed demonstrates overall healthy spatial continuity, the area near the outfalls 

demonstrates significant variability.  For example, core OA10 had an estimated bed depth of 31 

cm, based on vertical profiles of COCs and bulk density, while BA8C, 280 m away, had an 

estimated bed depth of 64 cm (Table 4).  Additionally, core OA11 had an average concentration 

of Total DDT Compounds in the 0-8-cm interval of 9.4 X 10
4 
μg/kg OC, whereas nearby core 

BA8C had an average concentration of Total DDT Compounds of 1.9 X 10
6 
μg/kg OC in the 

same interval (Table 6). The two cores are 300 m apart. 

Page 26 



      

       

   

 

  

  

    

 

   

  

  

 

    

  

  

     

   

    

    

  

  

    

    

  

  

 

 

   

Revised Final Data Report for the Fall 2009 Sediment Sampling Program 

Palos Verdes Shelf (OU 5 of the Montrose Chemical Corp. Superfund Site) 

Los Angeles County, California 

5.0 CONCLUSIONS 

In summary, sediment cores were retrieved successfully from 34 locations for the baseline 

program and from an additional 25 locations in the area near the LACSD outfall diffusers.  A 

significant amount of data was generated by testing more than 1,000 samples of recovered core 

material for both geotechnical and chemical parameters.  The sample design and the methods of 

core collection, core cutting, and sample testing used during this study rendered high-quality 

data. 

For the baseline sampling program, the approach used for this study provided a sufficient data set 

with a reasonable level of confidence that will allow for meaningful comparisons in the future in 

assessing the progress of cleanup of DDT and PCBs.  The outfall area data set, in combination 

with other ongoing studies including a flux (pore water) study, will assist in the RD of an 

isolation cap for hot spot areas, if that effort goes forward.  

The output from the geostatistical models indicated a widespread pattern of DDT contamination 

similar to the patterns reported by previous investigators, including LACSD and USGS.  The 

model output also indicated a widespread pattern of PCB contamination with areas of higher 

concentrations at the LACSD outfalls and southeast of the outfalls. 

Although interpretive patterns of COCs in the EA deposit have not changed appreciably over 

time, detected contaminant concentrations have dropped significantly.  It is plausible that this 

phenomenon is related to several factors of MNR including dechlorination; sediment erosion; 

and sediment resuspension coupled with desorption of COCs from sediment into seawater.  

Output of the verified MVS model indicates that, based on the 2009 data set, the short-term 

objectives identified for the interim isolation cap have been met.  If data from future sampling 

events continue to indicate that concentrations of COCs are below cleanup goals, then an interim 

cap likely will be rendered unnecessary.  

It is acknowledged that the selected remedy in the IROD, in particular the isolation cap 

component, was based heavily on interpretations of COC concentrations detected in samples of 

sediment collected from the 0-2-cm interval of the EA bed; these sediment samples were 
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obtained using a different collection method from that used in this 2009 program.  Because the 

results of the 2009 program present a picture of environmental conditions at PV Shelf 

significantly different than what was previously understood, and to better understand the current 

conditions and contaminant degradation trends at the shelf, it is important to conduct additional 

sampling programs using techniques similar to the 2009 program.  

Based on the findings from the fall 2009 sediment sampling program, the following approaches 

will be taken for PV Shelf: 

	 Regarding chemical data quality, the secondary cleanup procedure recommended and 

implemented by Calscience increased the accuracy of the DDT analyses and should be 

adopted as part of the preparation process for future sediment samples.  

	 An SSRM has been developed for PV Shelf and was used recently in an interlaboratory 

comparison study (mentioned in Section 4.1.2 and included in Appendix H).  This study 

should be expanded to include more analytical laboratories and more replicate analyses 

by the participating laboratories.  

	 Based on the vertical profiles of bulk densities and COC concentrations versus core 

depths, many cores penetrated the entire EA sediment bed and advanced into the native 

sediment bed; in other cores, the delineation of the interface between the EA bed and the 

native bed was not discernible.  Therefore, the volume of the EA sediment bed as 

reported is a rough estimate only. SPI or other diagnostic seafloor techniques or both 

should be considered if a precise estimate of the EA bed volume is considered crucial.  

	 The MVS model developed for this project is capable of computing COC mass based on 

both bed depth and area. 

	 If the RD of an isolation cap is performed in the future, the mapping techniques 

developed during this program could be used to evaluate the effects of different cap 

geometries and placements.  For example, when assessing possible cap locations and 

dimensions, mapping and geostatistics could be used to calculate the surface (area) 

weighted average concentration (SWAC) of each COC grouping, allowing for a 

comparison to cleanup levels.  

	 In future sediment sampling events, an attempt should be made to reoccupy the coring 

locations used for the 2009 study, and the procedures for collecting and handling cores 

should be duplicated, to allow for meaningful comparison of data with regards to 

temporal trends, especially in assessing the effectiveness of MNR and whether DDT 

concentrations have reached the interim cleanup level of 46 mg/kg OC.  
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Table 1 – Coordinates and Water Depths of Baseline Sediment Cores 
Fall 2009 Sediment Sampling Program
Palos Verdes Shelf (OU 5 of the Montrose Chemical Corp. Superfund Site) 
Los Angeles County, California 

Location name (see Figure 3) 
Replicate 
collected? Nominal coordinates 

Nominal water 
depth (meters) 

BA1B No 33° 44.97'/118° 26.81' 150 

BA1C No 33° 45.44'/118° 26.46' 60 

BA1DC No 33° 45.76'/118° 26.22 40 

BA2B Yes 33° 43.95'/118° 25.55' 150 

BA2C No 33° 44.26'/118° 25.39' 60 

BA2DC No 33 ° 44.39/118° 25.32' 40 

BA3B No 33° 43.43'/118° 24.44' 150 

BA3C No 33° 43.80'/118° 24.15' 60 

BA3DC No 33° 43.95'/118° 24.05' 40 

BA4B No 33° 43.00'/118° 23.24' 150 

BA4C Yes 33° 43.40'/118° 23.08' 60 

BA4DC No 33° 43.75'/118° 22.90' 40 

BA5B Yes 33° 42.54'/118° 22.08' 150 

BA5C No 33° 42.88'/118° 21.96' 60 

BA5DC No 33° 43.23’/118° 21.83' 40 

BA6B No 33° 42.18'/118° 21.35' 150 

BA6BC No 33° 42.24'/118° 21.32' 100 

BA6C No 33° 42.47'/118° 21.24' 60 

BA6DC No 33° 42.75'/118° 21.05' 40 

BA7B No 33° 42.05'/118° 21.09' 150 

BA7BC No 33° 42.11'/118° 21.05' 100 

BA7C No 33° 42.31'/118° 20.92' 60 

BA7DC No 33° 42.57'/118° 20.73' 40 

BA8B No 33° 41.53'/118° 20.24' 150 

BA8BC No 33° 41.63'/118° 20.21' 100 

BA8C No 33° 41.91'/118° 20.14' 60 

BA8DC No 33° 42.22'/118° 19.91' 40 

BA9B No 33° 40.89'/118° 19.31' 150 

BA9BC No 33° 41.01'/118° 19.25' 100 

BA9C No 33° 41.32'/118° 19.10' 60 

BA9DC No 33° 41.77'/118° 18.88' 40 

BA10B No 33° 39.73'/118° 17.90' 150 

BA10C No 33° 40.11/118° 17.81' 60 

BA10DC No 33° 41.13'/118° 17.49' 40 

Notes  

1. Coordinates are latitude/longitude shown in degrees-decimal minutes. 

2. Coordinates for locations with “B” and “C” designations are from Appendix E of Order No. R4­
2011-0151, NPDES Permit No. CA0053813 (California Regional Water Quality Control Board, Los 
Angeles Region, 01 September 2011).   
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Table 2 – Coordinates and Water Depths of Outfall Area Sediment Cores 
Fall 2009 Sediment Sampling Program 
Palos Verdes Shelf (OU 5 of the Montrose Chemical Corp. Superfund Site) 
Los Angeles County, California 

Replicate Nominal water 
Location name (see Figure 4) collected? Nominal coordinates depth (meters) 

OA01 No 33° 42.27'/118° 21.13' 70 

OA02 No 33° 42.51'/118° 20.99' 50 

OA03 No 33° 42.51'/118° 20.79' 80 

OA04 No 33° 42.09'/118° 20.77' 70 

OA05 Yes 33° 42.20'/118° 20.69' 60 

OA06 No 33° 42.30'/118° 20.59' 50 

OA07 Yes 33° 41.97'/118° 20.53' 70 

OA08 No 33° 42.21'/118° 20.38' 50 

OA09 No 33° 42.38'/118° 20.28' 40 

OA10 Yes 33° 41.80'/118° 20.23' 70 

OA11 Yes 33° 42.00'/118° 20.02' 50 

OA12 Yes 33° 41.60'/118° 19.88' 70 

OA13 No 33° 41.77'/118° 19.82' 60 

OA14 No 33° 41.92'/118° 19.75' 50 

OA15 No 33° 41.40'/118° 19.72' 80 

OA16 Yes 33° 41.50'/118° 19.71' 70 

OA17 No 33° 41.65'/118° 19.61' 60 

OA18 No 33° 41.11'/118° 19.34' 90 

OA19 No 33° 41.20'/118° 19.29' 75 

OA20 No 33° 41.85'/118° 19.03' 40 

OA21 No 33° 40.89'/118° 18.96' 80 

OA22 Yes 33° 41.11'/118° 18.78' 60 

OA23 No 33° 41.40'/118° 18.70' 50 

OA24 No 33° 40.74'/118° 18.62' 70 

OA25 No 33° 41.14'/118° 18.33' 50 

Notes  

1. Coordinates are latitude/longitude shown in degrees-decimal minutes. 

2. The basis for selecting the planned cores was presented in the Field Sampling Plan (ITSI 

Gilbane, 2013).   
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Table 3 – Chemistry Test Methods, List of Analytes, and Reporting Limits 
Fall 2009 Sediment Sampling Program 
Palos Verdes Shelf (OU 5 of the Montrose Chemical Corp. Superfund Site) 
Los Angeles County, California 

Project Achievable 
objective1 quantitation 

Analytical group Analyte CAS number (μg/kg) limit2 (μg/kg) 

EPA Method 8270SIM: SVOCs by GC/MS 

DDT p,p’-DDT 50-29-3 5 5 


DDT o,p’-DDT 789-02-6 5 5
 

DDT p,p’-DDE 72-54-8 5 5
 

DDT o,p’-DDE 53-19-0 5 5
 

DDT p,p’-DDD 72-55-9 5 5
 

DDT o,p’-DDD 3424-82-6 5 5
 

DDT p,p’-DDMU 1022-22-6 5 5
 

DDT p,p’-DDNU 2642-81-1 5 5
 

EPA Method 8270SIM: SVOCs by GC/MS 

PCB Congener 8 34883-43-7 5 5
 

PCB Congener 18 37680-65-2 5 5
 

PCB Congener 28 7012-37-5 5 5
 

PCB Congener 44 41464-39-5 5 5 


PCB Congener 52 35693-99-3 5 5 


PCB Congener 66 32598-10-0 5 5 


PCB Congener 77 32598-13-3 5 5 


PCB Congener 81 70362-50-4 5 5 


PCB Congener 101 37680-73-2 5 5 


PCB Congener 105 32598-14-4 5 5 


PCB Congener 114 74472-37-0 5 5 


PCB Congener 118 31508-00-6 5 5 


PCB Congener 123 65510-44-3 5 5 


PCB Congener 126 57465-28-8 5 5 


PCB Congener 128 38380-07-3 5 5 


PCB Congener 138 35065-28-2 5 5 


PCB Congener 153 35065-27-1 5 5 


PCB Congener 156 38380-08-4 5 5 


PCB Congener 157 69782-90-7 5 5 


PCB Congener 167 52663-72-6 5 5 


PCB Congener 169 32774-16-6 5 5 


PCB Congener 170 35065-30-6 5 5 


PCB Congener 180 35065-29-3 5 5 


PCB Congener 187 52663-68-0 5 5 


PCB Congener 189 39635-32-9 5 5 


PCB Congener 195 52663-78-2 5 5 


PCB Congener 206 40186-72-9 5 5 


PCB Congener 209 2051-24-3 5 5 


EPA Method 9060 


TOC TOC NA 0.1% 0.05% 

Page 1 of 2 



  

 
   

 

 
 
 
 
 

 
   

  

 
  

    
    

    
 

 

  
 

  
  

 
 

Table 3 – Chemistry Test Methods, List of Analytes, and Reporting Limits 
Fall 2009 Sediment Sampling Program 
Palos Verdes Shelf (OU 5 of the Montrose Chemical Corp. Superfund Site) 
Los Angeles County, California 

Abbreviations 
CAS - Chemical Abstracts Service PCBs - Polychlorinated biphenyls 
GC - Gas chromatography QLs - Quantitation limits 
GC/MS - Gas chromatography/mass SIM - Selective ion monitoring 

spectrometry 
MDL - Method detection limit SVOCs - Semi-volatile organic compounds 
MNR - Monitored natural recovery TOC - Total organic carbon 
NA - Not applicable	 µg/kg - Micrograms per kilogram 

Notes 
1	 Sediment interim cleanup levels of 230 μg/kg DDT @ 1% TOC and 70 μg/kg PCBs @ 1% TOC have been set for 

the project (EPA, 2009b).  However, because the data collected during this study will be used in evaluating MNR, 
project objectives have been set much lower. 

2	 Achievable QLs are the laboratory reporting limits for a specific analytical method. 
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Table 4 - Sediment Core Lengths and EA Bed Thicknesses 
Fall 2009 Sediment Sampling Program 
Palos Verdes Shelf (OU 5 of the Montrose Chemical Corp. Superfund Site) 
Los Angeles County, California 

Nominal water Number of slices Estimated EA bed 
Core location depth  (m) Core length  (cm) generated thickness (cm) 

Transect 1 
BA1B 150 61 30 23 
BA1C 60 47 23 46 
BA1DC 40 27 13 27 

Transect 2 
BA2B 150 12 6 12 
BA2BR 150 24 12 24 
BA2C 60 69 34 51 
BA2DC 40 48 24 44 

Transect 3 
BA3B 150 25 11 20 
BA3C 60 60 30 55 
BA3DC 40 64 32 52 

Transect 4 
BA4B 150 52 26 32 
BA4C 60 72 36 48 
BA4CR 60 72 36 56 
BA4DC 40 86 43 76 

Transect 5 
BA5B 150 64 32 32 
BA5BR 150 60 30 33 
BA5C 60 80 40 52 
BA5DC 40 88 44 85 

Transect 6 
BA6B 150 64 32 36 
BA6BC 100 54 27 39 
BA6C 60 72 36 64 
BA6DC 40 56 28 53 

Transect 7 
BA7B 150 54 27 37 
BA7BC 100 16 8 13 
OA01 70 56 28 39 
BA7C 60 50 25 50 
OA02 50 70 35 66 
BA7DC 40 26 13 26 

Transect 7.5 
OA03 80 60 30 47 
OA04 70 44 22 43 
OA05 60 80 40 68 
OA05R 60 78 40 67 
OA06 50 76 38 72 
OA07 70 42 21 31 
OA07R 70 42 21 35 
OA08 50 76 38 69 
OA09 40 38 19 38 

Transect 8 
BA8B 150 38 19 29 
BA8BC 100 26 13 23 
OA10 70 38 19 31 
OA10R 70 54 27 35 
BA8C 60 72 36 64 
OA11 50 74 37 61 
OA11R 50 84 42 67 
BA8DC 40 42 21 44 

Transect 8.5 
OA12 70 40 20 27 
OA12R 70 44 21 31 
OA13 60 46 23 39 
OA14 50 54 27 53 
OA15 80 50 25 32 
OA16 70 30 15 27 
OA16R 70 48 24 36 
OA17 60 40 20 29 

Transect 9 
BA9B 150 42 21 25 
BA9BC 100 34 17 34 
OA18 90 54 27 36 
OA19 75 40 20 25 
BA9C 60 28 14 25 
BA9DC 40 50 26 50 
OA20 40 48 24 48 

Transect 9.25 
OA21 80 20 10 20 
OA22 60 32 16 32 
OA22R 60 24 12 24 
OA23 50 54 28 56 

Transect 9.5 
OA24 70 18 10 18 
OA25 50 26 13 26 

Transect 10 
BA10B 150 32 16 13 
BA10C 60 22 11 14 
BA10DC 40 42 21 42 

GRAND TOTAL - - 1,705 -

Abbreviations: 

cm - Centimeters 

EA - Effluent-affected 

m - Meters 

Notes 

1. Core lengths indicated are the lengths of cores used to generate samples during core cutting events. These 

lengths may differ from measurements made on-board at the time of core collection, due to: different measuring 

conditions; possible deformation during handling; and the discarding of core bottom portions. 

2. EA bed thicknesses are based on interpretations of vertical profiles (Appendix L). 
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Table 5 – Sand, Silt, and Clay Contents and TOC Values for Cores along the 60-m Isobath 
Fall 2009 Sediment Sampling Program 
Palos Verdes Shelf (OU 5 of the Montrose Chemical Corp. Superfund Site) 
Los Angeles County, California 

Location 
name 

Nominal ocean 
depth (m) 

Length of 
core (cm) 

Average 
sand 

content 
(%) 

Average 
silt 

content 
(%) 

Average 
clay content 

(%) 

Average 
TOC 
(%) 

Northwest of LACSD outfalls 
BA1C 60 46 37 59 4 2.0 

BA2C 60 68 57 36 6 2.3 

BA3C 60 60 47 47 6 2.3 

BA4C 60 72 23 72 5 2.2 

BA4CR 60 72 23 72 5 2.2 

BA5C 60 80 18 66 15 3.2 

BA6C 60 72 20 67 14 3.8 

BA7C 60 50 29 53 17 4.4 

OA05 60 80 21 73 6 5.8 

OA5R 60 80 23 72 6 2.9 

Average 29 63 17 4.4 

Between LACSD outfalls 

BA8C 60 72 41 40 17 7.8 

OA13 60 46 26 69 5 3.2 

OA17 60 40 30 67 3 1.4 

Average 34 56 10 4.1 

Southeast of LACSD outfalls 

BA9C 60 28 35 54 11 1.6 

OA22 60 32 44 54 2 2.0 

OA22R 60 24 44 53 4 1.95 

BA10C 60 22 40 49 9 0.9 

Average 41 53 6 1.6 

Abbreviations 

cm – Centimeters 
km – Kilometers 
LACSD – Sanitation Districts of Los Angeles County 
m – Meters 
TOC – Total organic carbon 
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Table 6 - Concentrations of DDT Groupings in 0-8 cm Bed Interval (by Core)
 
Fall 2009 Sediment Sampling Program
 
Palos Verdes Shelf (OU 5 of the Montrose Chemical Corp. Superfund Site)
 
Los Angeles County, California
 

Average Total DDT 
Average Total Compounds (carbon Average Total DDT Average Total DDTs 

Nominal water DDTs - 0-8 cm normalized) - 0-8 cm Compounds - (carbon normalized) -
Core location depth (m) (µg/kg) (µg/kg OC) 0-8 cm (µg/kg) 0-8 cm (µg/kg OC) 

Baseline cores 
1B 150 1,427 60,710 1,795 47,522 
2B 150 851 49,916 1,083 39,142 
2BR 150 525 29,311 610 25,228 
3B 150 1,257 58,782 1,575 47,341 
4B 150 4,223 138,437 6,246 94,689 
5B 150 5,120 152,504 6,653 118,003 
5BR 150 3,719 116,280 4,948 87,696 
6B 150 4,030 156,457 6,395 101,133 
7B 150 5,483 243,169 8,828 151,988 
8B 150 5,840 175,502 9,428 112,497 
9B 150 3,663 135,401 4,865 103,465 
10B 150 844 82,989 979 71,195 
6BC 100 1,857 63,208 2,646 44,120 
7BC 100 1,455 115,720 2,538 67,946 
8BC 100 2,288 92,030 4,440 49,252 
9BC 100 1,379 64,662 1,745 50,967 
1C 60 1,925 115,655 2,485 89,572 
2C 60 1,071 73,812 1,540 51,298 
3C 60 600 38,179 865 26,472 
4C 60 1,314 86,256 1,880 60,230 
4CR 60 1,000 61,360 1,403 43,777 
5C 60 1,858 81,007 2,273 66,369 
6C 60 736 35,110 908 28,528 
7C 60 1,070 120,480 1,246 102,508 
8C 60 100,750 1,897,359 108,400 1,770,414 
9C 60 838 68,643 1,126 51,454 
10C 60 517 51,390 567 46,866 
1DC 40 495 34,223 628 27,072 
2DC 40 136 17,239 183 12,757 
3DC 40 485 38,948 705 26,967 
4DC 40 336 15,848 473 11,277 
5DC 40 482 25,735 644 19,292 
6DC 40 465 36,144 581 28,915 
7DC 40 301 21,191 352 18,095 
8DC 40 1,978 96,957 2,130 89,806 
9DC 40 607 41,350 709 35,414 
10DC 40 272 22,817 313 19,805 

Outfall area cores 
OA01 70 1,467 79,824 1,762 66,522 
OA02 50 1,170 58,572 1,442 47,526 
OA03 50 1,276 45,771 1,592 36,721 
OA04 70 9,772 381,658 10,119 370,775 
OA05 60 1,411 41,076 1,623 35,643 
OA05R 60 1,880 119,936 2,290 98,658 
OA06 50 1,420 90,681 1,680 76,758 
OA07 70 5,435 125,858 7,688 91,847 
OA07R 70 3,113 93,533 3,790 76,684 
OA08 50 2,475 162,341 2,838 141,773 
OA09 40 489 33,982 578 28,752 
OA10 70 2,793 172,247 3,627 132,155 
OA10R 70 1,357 108,959 1,629 90,869 
OA11 50 2,400 93,745 2,883 78,005 
OA11R 50 1,923 124,440 2,455 97,157 
OA12 70 1,343 115,785 1,838 84,531 
OA12R 70 712 62,915 970 46,097 
OA13 60 1,225 64,076 1,426 54,870 
OA14 50 1,551 132,336 1,895 108,248 
OA15 80 4,173 258,246 6,095 177,952 
OA16 70 3,645 274,597 5,270 191,298 
OA16R 70 3,315 242,131 4,820 166,234 
OA17 60 5,343 434,112 6,125 383,006 
OA18 90 694 32,767 881 25,779 
OA19 80 11,875 516,380 19,350 315,865 
OA20 40 465 26,623 520 23,777 
OA21 80 1,905 130,929 2,443 102,179 
OA22 60 465 24,537 568 20,061 
OA22R 60 1,878 137,305 2,400 107,622 
OA23 50 1,161 77,058 1,433 62,413 
OA24 70 2,958 216,619 3,710 172,622 
OA25 50 762 74,799 921 61,883 

Abbreviations 
cm - Centimenters 
ft - Feet 
m - Meters 
ug/kg - microgram per kilogram 

Notes 
1. "Total DDT Compounds" consists of both o,p' - and p,p' - isomers of DDD, DDE, and DDT, plus p,p' -DDMU and p,p' -DDNU. 
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Table 7 - Site-Wide Average COC Concentrations Based on MVS Model Output 
Fall 2009 Sediment Sampling Program 
Palos Verdes Shelf (OU 5 of the Montrose Chemical Corp. Superfund Site) 
Los Angeles County, California 

Full model (baseline) 
Total bed 
0-8 cm interval 

Concentration of Total DDTs 

1,600 
1,300 

Concentration of Total DDT 
Compounds 

2,300 
1,600 

Concentration of Total PCBs 

120 
86 

Outfall area 
Total bed 
0-8 cm interval 

2,800 
1,900 

3,600 
2,400 

160 
110 

Normalized for OC 

Full model (baseline) 
Total bed 
0-8 cm interval 

58,000 
56,000 

85,000 
71,000 

410 
230 

Outfall area 
Total bed 
0-8 cm interval 

98,000 
83,000 

130,000 
100,000 

570 
300 

Abbreviations 
cm - Centimeter 
OC - Organic carbon 
PCBs - Polychlorinated biphenyls 

Notes 
1. All values are in micrograms per kilogram (parts per billion). 
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Table 8 - Concentrations of Total PCBs in 0-8 cm Bed Interval (by Core)
 
Fall 2009 Sediment Sampling Program
 
Palos Verdes Shelf (OU 5 of the Montrose Chemical Corp. Superfund Site)
 
Los Angeles County, California
 

Average Total PCBs (carbon 
Nominal water depth Average Total PCBs - 0-8 cm normalized) - 0-8 cm (µg/kg 

Core location (m) (µg/kg) OC) 

Baseline cores 
1B 150 112 3,682 
2B 150 45 2,049 
2BR 150 30 1,439 
3B 150 80 2,989 
4B 150 550 11,793 
5B 150 530 11,876 
5BR 150 385 8,913 
6B 150 488 11,933 
7B 150 349 9,588 
8B 150 726 13,177 
9B 150 352 9,458 
10B 150 25 2,114 
6BC 100 125 3,040 
7BC 100 112 4,723 
8BC 100 349 7,121 
9BC 100 123 4,610 
1C 60 104 4,829 
2C 60 87 4,162 
3C 60 34 1,536 
4C 60 114 5,217 
4CR 60 91 3,995 
5C 60 132 4,678 
6C 60 63 2,343 
7C 60 74 7,134 
8C 60 2,514 42,923 
9C 60 130 7,459 
10C 60 17 1,491 
1DC 40 15 802 
2DC 40 7 683 
3DC 40 39 2,158 
4DC 40 16 544 
5DC 40 30 1,200 
6DC 40 17 1,097 
7DC 40 7 433 
8DC 40 65 3,115 
9DC 40 38 2,211 
10DC 40 8 550 

Outfall area cores 
OA01 70 62 2,705 
OA02 50 75 3,042 
OA03 50 61 1,814 
OA04 70 168 4,508 
OA05 60 127 3,169 
OA05R 60 112 5,831 
OA06 50 85 4,576 
OA07 70 482 7,459 
OA07R 70 153 3,806 
OA08 50 97 5,498 
OA09 40 9 566 
OA10 70 157 7,506 
OA10R 70 77 4,955 
OA11 50 134 4,374 
OA11R 50 291 14,854 
OA12 70 118 7,405 
OA12R 70 54 3,391 
OA13 60 55 2,556 
OA14 50 74 5,253 
OA15 80 417 17,250 
OA16 70 312 15,059 
OA16R 70 209 9,910 
OA17 60 130 7,720 
OA18 90 36 1,329 
OA19 80 1,091 29,436 
OA20 40 7 370 
OA21 80 132 7,108 
OA22 60 18 734 
OA22R 60 191 10,839 
OA23 50 57 3,068 
OA24 70 342 19,795 
OA25 50 56 4,487 

Abbreviations 
cm - Centimenters 
ft - Feet 
m - Meters 
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Table 9 - Estimates of Mass Based on MVS Model Output (2009 Data Set)
 
Fall 2009 Sediment Sampling Program
 
Palos Verdes Shelf (OU 5 of the Montrose Chemical Corp. Superfund Site)
 
Los Angeles County, California
 

Total DDT 
o,p'-DDD o,p'-DDE o,p'-DDT p,p'-DDD p,p'-DDE p,p'-DDT Total DDTs p,p'-DDMU p,p'-DDNU Compounds Total PCBs 

Baseline 
Total bed 290 1,900 120 1,300 9,700 530 14,000 5,200 940 20,000 1,000 
0-8 cm interval 36 210 16 190 1,200 63 1,700 410 71 2,200 110 

Outfall area 
Total bed 150 930 33 920 5,000 310 7,300 1,200 330 8,800 460 
0-8 cm interval 19 110 5.8 140 600 37 910 210 33 1,200 58 

Abbreviations 
cm - Centimeter 

Notes 
1. All values are in kilograms and were rounded to two significant figures. 
2. For results reported as non-detected, a value of 5 micrograms per kilogram (µg/kg) was used. 

3. The baseline modeled area was 30 square kilometers (km2). The outfall modeled area was 11 km2. 
4. The volume of the baseline modeled grid was 15 million cubic meters (m3). 
5. The volume of the 0-8 cm interval as modeled was 2.3 million m3. 
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Table 10 – Summary of Mass Estimates for PV Shelf 
Fall 2009 Sediment Sampling Program 
Palos Verdes Shelf (OU 5 of the Montrose Chemical Corp. Superfund Site) 
Los Angeles County, California 

Mass of 
p,p’-DDE 

(MT) 
Mass of 

PCBs (MT) 
Modeled 

area (km2) Data set Computational approach Reference 

119.6 NA 43.8 LACSD gravity cores collected between 1981-
1989, plus 2 cores from 1991 

Integration of five water-depth zones Lee, H.J., 1994 

72 12.3 22.1 1992 USGS box cores and gravity cores from 38 
stations 

Integration of five water-depth zones Lee, H.J., 1994 

66.8 NA 43.1 1992 USGS box cores and gravity cores from 38 
stations 

Integration of five water-depth zones Lee, H.J., et al., 2002 

71.9 NA 22.1 1992 USGS box cores and gravity cores from 38 
stations 

Integration of four “volume grids” using “E-
type” estimate 

Murray, C.J., et al., 2002 

61.4 NA 22.1 1992 USGS box cores and gravity cores from 38 
stations 

Integration of four “volume grids” using 
median concentrations 

Murray, C.J., et al., 2002 

9.7 1.0 29.8 2009 gravity cores from 59 stations Kriging using MVS with cell averaging  Appendix A (this report) 

13.8 1.0 29.8 2009 gravity cores from 59 stations Kriging using MVS with adaptive gridding Appendix A (this report) 

Abbreviations 

km2 – square kilometers 
m3 – cubic meters 
MT – Metric tons = grams X 106 

MVS – Mining Visualization System 
NA – Not available 

Notes 

1. References are provided in Section 6.0 of this report.  
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