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Thank you for your call on August 30. You had noted 
items needing correction in Report #74-47. My apology 
for the errors. I am glad to make the corrections, as 
follows:

1. Page 1 of Report: The completion target date is the
last quarter of 1975.

2. Page 3 of Rept., item 8: The report mentions vacuum
pumps in the present polymer manufacturing operation. 
This is erroneous. The present process is above atmos­
pheric pressure throughout.

3. Page 4 of Report, para. 2: The first sentence is
erroneous. It needs to be changed to the following: 
"Downstream of the two Frymas will be an evaporator."
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bordered by an athletic field to the southwest and open fields to the 

northwest.
Hud Gully transects the overall site between Brio North and Dixie North as 
well as forming one boundary of the Dixie South site. Other areas surrounding 
both sites are open lands used for oil and gas production.

The Brio and DOP sites occupy 58.1 and 26.6 acres respectively. Brio North 

and Dixie North, both historically used for storage purposes, cover 48.8 and 
19*0 acres respectively. Brio South and DOP South, both historically used for 

processing activities, cover 9.3 and 7.6 acres respectively.

In their current state, the most prominent structural features of the Brio and 
DOP sites are the tankage and processing units from former operations. The RI 
contains detailed maps of the site structures and reference is made to those 
figures for additional data. A tank farm is located on the Brio North parcel 
adjacent to Dixie Farm Road.

Several office type buildings and storage warehouses are located on the Brio 
South and DOP North and South parcels. Various components of a wastewater 
treatment system remain. The most prominent features of this system are the 
two impoundments located on the Brio North parcel.

2.1.2 Site History
The history of past operations sunmarized herein is derived from the detailed 
presentation in the Brio and DOP Remedial Investigations.

Aerial photographs taken from 1952 through 1956 depict the site as it existed 

prior to its active use as a chemical plant. Operations began at the Brio 
site in 1957. ” 'Photos show that diked oil stock tanks, lagoons and other 
structures associated with crude oil production and storage were present on 
site. Three sets of these structures were located on Brio North, two on Brio 
South, one on DOP North, and one on DOP South.

Over the years, several companies conducted operations at the facilities. 
Available information pertaining to .past ownership and operations is 

summarized below:
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BRIO SITE

1957-1969 In 1957, the Hard-Lowe Company started catalyst 
regeneration and by-product recycling operations 
on Brio South.

1969-1972 The name of the facility was changed to the
Phoenix Chemical Company plant when the Chemical 
Pollution Control Corporation took over 
operations in Hay 1969.

1972-1975

Archem Corporation leased Brio North from
Phoenix to produce chemical products from 1969- 
1971. Phoenix assumed operations of Archem in
1971. --

Phoenix Chemical Corp lost control of the site 
and its operations in 1972. The facility was 
purchased and operated by the Lowe Chemical
Company.

1975-1978 In' 1975 ownership chsuiged hands to JOC Oil 
Aromatics, Inc.

1978-1981 The facility ownership was purchased by
Friendswood Refining Corporation, a wholly owned 
subsidiary of the Brio Petroleum Corporation.

1981-1982 There was a facility name change to Brio
Refining, Inc. in 1981. Operations closed in 
December 1982 following the bankruptcy of Brio 
Refining and the Brio site has been inactive 
since that time.

DOP SITE

1969-1978 Intercoastal Chemical Company operated the DOP
North site during this time interval.

1978-1986 Dixie Oil Processors, Inc. began operation of 
the DOP South site in 1978. Active operations 
ceased in 1986.

RSV 0018443
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2.1.2.1 Operations at the Brio Refining Site

From 1957 to 1969, the major industrial operations on the Brio site included 

regeneration of copper catalysts, recovery of petrochemicals (principally 

ethylbenzene) from styrene tars, and attempts to recover a variety of 
chemicals from vinyl chloride still bottoms. Styrene tar processing activity 

took place at the current Brio site. Between 1957 and I960, several pits were 
constructed on Brio North and Brio South to support the styrene tar processing 
operations.

Reclamation of petrochemicals from phenol heavy ends, chlorinated 
hydrocarbons, cresylic acid, ethylene glycol, and other chemical feedstocks 
occurred at Brio.

Most of the storage pits on Brio North and Brio South were constructed in the 
period from 1964 through 1970. Due to lack of processing capacity, styrene 
tars were stored in four large impoundments on Brio North. Ethylbenzene, 
toluene, aromatic solvents, and styrene pitch were produced on site during 
this time period.

By 1969-70, at least fourteen pits had been constructed. The first pit 
closures were accomplished in 1969-70 with some pit materials left in place.

Spent caustics were stored in tanks on Brio North from 1969 to 1971. A 
processing operation using hydrogen sulfide, blended with spent caustic, 
produced cresylic acid, sodium sulfide, and sodium cresyllite. Approximately 
seven additional pits were closed from 1972 through 1975.

Between 1975 and 1978, the following feedstocks were utilized: styrene tar, 
off-spec diesel,- ethylbenzene, phenol bottoms, cutter stock, caustic, crude 
oil, blend oil, polyethylbenzene bottoms, and crankcase oil. Products 
produced were: aromatic oil, fuel oil, ethylbenzene, toluene, cumene, sodium 
sulfide, creosote extender, and 50} caustic. As part of their operation, JOC 
stored styrene tar in open pits on the site. Four of these pits were closed 

in 1976 and 1977. Closures were reportedly conducted by mixing soil and 
calcined clay with the residues left in place. Soil cover was reportedly 
placed over the stabilized pit material. One new pit was constructed during 
this period.
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The recycling and recovery plant at Brio was converted to a crude oil topping 
unit for Jet fuel production in 1978.

Jet fuel, diesel fuel, residual oil, naphtha, kerosene, and fuel gas were 
produced by distilling petroleum feedstock (crude oil). No cracking or 

reforming of the feedstocks took place.

The final on site pit was closed in 1979-80. Jet fuel was produced 
intermittently throughout 1982. Operations were completely closed down in 
December 1982. The Brio site has been inactive since that time.

2.1.2.2 Operations at the Dixie Oil Processors Site
Copper recovery and hydrocarbon washing operations were carried out at DOP 
North from 1969 to 1978. The copper recovery operation may have used a series 
of surface impoundments to store cuprous wastewater prior to copper recovery, 
and to treat wastewater prior to discharge. A total of six impoundments were 
used. Wastewaters from the hydrocarbon washing operations were discharged 
into one of the impoundments. The impoundments were deconmissioned and closed 

during the period.

Dixie Oil Processors began operations on DOP South in 1978. The DOP South 
site was used primarily for regeneration of cuprous chloride catalyst; 
hydrocarbon washing to produce ethylbenzene, toluene, aromatic solvents, 
styrene pitch, and for oil recovery; and blending of chemical plant and 

refinery wastes. Dixie Oil Processors used residues from local chemical 
plants and refineries (principally phenolic tank bottom tars and glycol cutter 
stock). These waste feedstocks were blended and distilled to produce various 
petroleum products, including fuel oil, creosote extender, and a molybdenum 
concentrate catalyst. A reduced level of operation is ongoing today.

Although no disposal of material in pits was known to be practiced on DOP 
South, an area of tarry material was found in 1984. Approximately 6,000 cubic 
yards of this material were removed from two areas and disposed of off site.
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2.1.3 History of Site Investigations Prior to the RI

Several site investigations were conducted during the plant's operation and 
after abandonment in 1982. They are described in detail in the RI and are 

listed below:

• Vinyl Chloride Monomer Air Sampling (TACB, May 1976)

• Initial Site Investigation (USEPA, December 1983)

• Soil Boring and Sampling Program (NUS for Harris County 
Flood Control District, May 1984)

• Ambient Air Sampling and Analysis (TACB, 1984-1985)

2.2 SITE CHARACTERIZATION
The site characterization identifies and quantifies the chemical constituents 
detected at the site. A primary objective of this section is to focus the 
remaining sections of the EA document on the chemical constituents of concern 

that are present. To compile this section, all monitoring reports and 
chemical analytical data available in the RI and SRI were reviewed.

This section contains information on the identity, quantity and form of 
chemical constituents present at the sites and the concentrations of the 
constituents in the various environmental media.

A description of the chemical analytical data base with regard to its 
completeness, quality and validity is provided. Potential transport of the 
constituents through the environmental media is sunmarized. Finally, the 
occurrence, distribution and concentrations are defined for each constituent 

identified.

2.2.1 Scope of Work for RI and SRI
The RI consisted of a two-phase sampling and analysis program to characterize 
the site. The purpose of the initial RI field investigation (Phase 2) was to 
determine the location, quantity and characteristics of materials at the site 
and to develop preliminary information regarding constituent mobility. In 
Phase I, 48 pit borings were completed and 21 soil boring grab samples were 
collected and analyzed to characterize pit contents. The bottom of some pits
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was not established. Consequently, a second phase of the program was 
implemented to gather additional information.

The purpose of the Phase 12 field investigation was to define the extent of 
constituent migration. Data collection activities focused on evaluating 
potential environmental impacts. Twenty borings were completed into subsoil 
beneath the pits requiring better bottom definition. Borings were advanced 
two feet below the previously logged bottoms. The RI sampling activity 
produced samples of residuals in the pits, soil adjacent to and below the 
pits, shallow ground water (Numerous Sand Channel Zone), deeper ground water 
(Fifty-Foot Sand), wastewater treatment system water and sludge, Hud Gully 
sediments and stream samples, site surface water runoff, and on site ambient 
air (See Figure 2-3).

The Supplemental Remedial Investigation (SRI) was designed to collect 

additional site characterization data. For complete details of this effort, 
see the approved sampling and analysis plan (Woodward Clyde Consultants, 
1987a). The scope of work of the SRI is sunxnarized as follows:

Shallow trenches were excavated to collect on site surface 
and subsurface soils. Additional trenches and borings were 
used to collect residue and soils samples to characterize 
the vertical distribution of constituents. Additional 
ground water samples were taken to supplement and verify 
ground water quality. Samples of on site and off site soils 
and sediments were collected and analyzed to furnish data 
for the EA and FS. Surface water was again sampled.

A total of 138 volatiles, 54 base/neutrals and 10 priority pollutant analyses 
derived from this sampling program were used to characterize the site for the 
EA. A listing of the chemical constituents detected on site and used in the 
EA to characterize the Brio and OOP sites is presented in Table 2-1.

2.2.2 Sumnary of Chemical Analytical Data and Statistics

The data base presented in the RI and SRI has been categorized by 
environmental media (e.g., soils, sediments, ground water, etc.), and 
evaluated statistically. The resulting summary provided in Appendix A serves 
to organize the data used to address the occurrence, distribution, prevalence, 
and development of source terms for the EA.
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TABLE 2-1
SUtttARY OF ORGANIC AND INORGANIC COMPOUND

FOUND AT THE BRIO REFINING/DIXIE OIL PROCESSORS SITE
(Page 1 of A)

DETECTED CHEMICAL MAX. OBSERVED
CONSTITUENT CLASS MEDIA CONC. (PPM)

Acenapthylene Base/Neutral Mud Gully Sediment 30
Surface Soil 0.1

Antimony Inorganic Pit 600

Benzene Volatile Pits 242
• Numerous Sand Channel 257

Zone (NSCZ) Wells

Benzo(A)Anthracene PNA ' Wastewater Treatment
System (WTTS) 16

Mud Gully Sediment 8

Benzo(A)Pyrene PNA WWTS 3
Mud Gully Sediment 3

Benzo(B)Fluoranthene PNA WWTS 11
Mud Gully Sediment 6

Benzo{G,HtI)Perylene PNA WTTS 4

Benzo(K)FIuo ranthene PNA WTTS 11
* Mud Gully Sediment 24

Bis(2-Chloroethyl)Ether Base/Neutral Pits 3,040
NSCZ Wells 3,170
Runoff to Mud Gully 45
Fifty-Foot Sand Well 0.01

Bis(2-EthyIhexy1) Base/Neutral NSCZ Well 293
Phthalate Surface Soil 11

Carbon Tetrachloride Volatile NSCZ Well 171

Chlorobenzene Volatile NSCZ Wells 3650
Pits 1150
Surface Soil 1.12

Chloroform Volatile NSCZ Wells 3,580
Fifty-Foot Sand Well 0.1
Runoff to Mud Gully 0.004

Chromium^ Inorganic Pits 860
WWTS 94

. Mud Gully Sediment 39

BRO/ENDASSS2Tr(7)
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TABLE 2-1 (Continued)
SUMMARY OF ORGANIC AND INORGANIC COMPOUND

FOUND AT THE BRIO REFINING/DIXIE OIL PROCESSORS SITE
(Page 2 of 4}

DETECTED CHEMICAL
CONSTITUENTS CLASS

Chrysene PNA

Copper Inorganic

Dibenzo(A,H)Anthracene PNA “

Di-n-Butyl Phthalate Base /Neutral

1,2-Dichlorobenzene Base/Neutral

1,3-Dichlorobenzene Base/Neutral

1,4-Dichloroben2ene Base/Neutral

1,1-Dichloroethane Volatile

1,2-Dichloroethane Volatile

1,1-Dichloroethylene Volatile

1,2 DichloroetRyiene Volatile
(Trans)

(Dichloromethane) Volatile
Methylene Chloride

MAX. OBSERVED
MEDIA CONC. (PPM)

WWTS 85
Mud Gully Sediment 171

Pits 98,900
WWTS 1763
Mud Gully Sediment 10,215
Runoff to Hud Gully 1A
NSCZ Wells no -

WWTS 5
Mud Gully Sediment 11

Runnoff to Mud Gully 10

NSCZ Wells 182

NSCZ Wells 742

NSCZ Wells 235

NSCZ Wells 3,380
Run-Off 0.001

Pits 245,000
Subsoils 515
NSCZ Wells 39,000
Runoff to Mud Gully 26
Fifty-Foot Sand Wells 0.6

NSCZ Wells 140
Fifty-Foot Sand Wells 0.2
Pits 1570
Surface Soil 25.9
Runoff to Mud Gully 0.02

NSCZ Wells 8,820

Pits 909
Subsoils 58
Surface Soils 55
NSCZ Wells 110
Runoff to Mud Gully 11
Fifty-Food Sand Wells 0.01
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TABLE 2-1 (Continued)
SUHiARY OF ORGANIC AND INORGANIC COMPOUNDS 

FOUND AT THE BRIO/DIXIE OIL PROCESSORS SITE
(Page 3 of 4)

DETECTED CHEMICAL MAX. OBSERVED
CONSTITUENT CLASS MEDIA CONC . (PPM)

Ethylbenzene Volatile Pits 3370
NSCZ Wells 4750
Surface Soil 146

Fluoranthene Base/Neutral Pits 988
NSCZ Wells 148
WWTS 206
Mud Gully Sediment 159
Surface Soil 124

Fluorene Base/Neutral NSCZ Wells 428
WWTS 35
Mud Gully Sediment 7.5
Pits 50.4
Surface Soil 19.8

Hexachlorobenzene Volatile Pit BB 5.0
Pit EE 674

He xa chlo robu tadiene Base/Neutral NSCZ Wells • 44

Hexachloroethane Base/Neutral NSCZ Wells 27

Indenod,2,3-CD) FNA WWTS 2
Pyrene Mud Gully Sediment 3

Lead Inorganic Pits 1,320
NSCZ Wells 0.1

Napthalene Base/Neutral NSCZ Wells 1850
WWTS 27
Pits 110
Surface Soil 61.5

Nickel Inorganic Pits 179

Phenanthrene Base/Neutral Pits 6670
NSCZ Wells 8880
WWTS 25
Mud Gully Sediments 3
Surface Soil 1340

Selenium Inorganic

1,1,2,2-Tetrachloroethane Volatile 

Tetrachloroethylene Volatile

BRO/FTR-EA-S2T

Pits 51

NSCZ Wells 777

NSCZ Wells 1,580
Surface Soil 0.1
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TABLE 2-1 (Continued)
SUKHARY OF DETECTED ORGANIC AND INORGANIC COMPOUNDS

FOUND AT THE BRIO/DIXIE OIL PROCESSORS SITE
(Page A of A)

DETECTED CHEMICAL MAX. OBSERVED
CONSTITUENT CLASS MEDIA CONC . (PPH)

Toluene Volatile Surface Soil 110
N5CZ Wells A37
Pits 69.9

1,1,1-Trichloroethane Volatile NSCZ Well 166

1,1,2-Trichloroethane Volatile Pits 166,000
Sub Pits 918
NSCZ Wells A8,700

* Runoff to Mud Gully 0.1
Surface Soil 6.A
Fifty-Foot Sand Well 0.6

Tr1chioroe thylen e Volatile Surface Soil 2.1
NSCZ Wells 2,760
Fifty-Foot Sand Well 0.03

Vinyl Chloride Volatile Pits 22,700
NSCZ Wells 6,400
Fifty-Foot Sand Well 0.3
Surface Soil 6.6
Runoff to Mud Gully 0.1

BRO/ENDASSS2Tr (10)
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The following data surmary tables are contained in Appendix A

TABLE NO. DESCRIPTION

A-1 Pit Residuals (RI)
A-2 Pit Subsoils (RI)
A-3 Hud Cully Sediments (RI)
A-4 Pit Q Drainageway and Mud Gully Sediments

(SRI)
A—5 Brio Shallow and Deep Ground Water (RI)
A-6 Non-Aqueous Phase Liquid Fraction of Ground

Water (RI)
A-7 OOP Shallow and Deep Ground Water (RI)
A-8 NSCZ Ground Water Statistical Analysis (RI)
A-9 NSCZ Ground Water (SRI)
A-10 'Surface Water (SRI)

The following suimary statistics tables for volatile organic (VO) and base- 
neutral-acid (BNA) constituents are also contained In Appendix A.

TABLE NO. DESCRIPTION

A-11 Off Site Residential Surface Soils (0-1 
(VO)

ft.)

A-12 Off Site Residential Surface Soils (0-1 
(BNA)

ft.)

A-13 Off Site Residential Surface Soils (9-10 
(VO)

ft.)

A— 1 -4 Off Site Residential Surface Soils (9-10 
(BNA)

ft.)

A-15 DOP South Surface Soil Locations (V0)
A-16 DOP South Surface Soil Locations (BNA)
A-17 Brio Shallow Trench 50 (VO)
A-18 Brio Shallow Trench 51 (V0)
A-19 Brio Shallow Trench 51 (BNA)
A-20 Brio Trenches 50 and 51 (15 ft.) (VO)
A-21 Mud Gully Bank (VO)
A-22- • Mud Gully Surface Water (BNA)

2.2.3 Quality and Validity of the Chemical Data
The data used for the performance of this EA were obtained directly from the 
data base as presented in the RI and SRI reports. No data validation or 
review of laboratory or field QA/QC procedures and reports was specifically 

done as part of the EA process. No additional data were collected 
specifically for the EA.
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2.2.4 Occurrence and Distribution of Constituents

A major part of the site characterization is a baseline presentation of the 

occurrence and distribution of constituents at the site. This presentation is 

accomplished by using the available chemical analytical data to characterize 
concentration levels and distribution of Individual chemicals found in ambient 
air, pit residues, on site and off site surface soils and sediments, ground 
water and surface water. Consequently, the pits and other site materials are 
portrayed by single sets of statistical parameters.

2.2.1J.1 Ambient Air
During ambient air monitoring volatile organic compounds were detected in very 
low concentrations. Benzene, toluene, xylene, styrene, 1,2-dichloroethane, 
1,1,1-trichloroethane, and vinyl chloride were detected. Most of the 
compounds were present at concentrations below 1 part per billion (ppb), a 
level considered to constitute background. See the detailed description in 
the RI report (REI, 1987a).

2.2.*1.2 Surface Soils and Sediments
Surface soil samples were collected both on site and off site during the 
SRI. Appendix A, Tables A-11 thru A-16, contain the sumnary statistics of the 
analytical results.

Shallow off site residential soil analyses at a 0-1 foot depth are clean, 
l.e., the results are predominately below analytical detection limits. Only 
yg/kg concentrations of two compounds, methylene chloride and bis(2-ethyl- 
hexyl) phthalate (DEHP), were found.

Off site residential soil samples collected at a depth of 9 to 10 feet are 
also relatively clean. The following compounds were detected at 
concentrations of 10 to 300 yg/kg: ethylbenzene, methylene chloride, DEHP, 
fluorene, naphthalene and phenanthrene. None of these compounds were parti­
cularly prevalent, as they were detected in only two samples out of eleven 
analyzed. Methylene chloride was prevalent (nine of eleven samples with a 
maximum concentration of 73 yg/kg).
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Analytical results for on site soil samples at DOP South detected one volatile 

compound, (methylene chloride) In two of five samples at a maximum concentra­
tion of 10 pg/kg. Ui-n-butyl phthalate was detected in one of seven samples 

analyzedt at a concentration of 66 pg/kg. The remaining compounds detected 

are classified as non-carcinogenic PNAs. None were prevalent; PNAs were found 
in only one of six samples.

Runoff to Mud Gully contained very low (pg/kg) concentrations of the volatile 
organic constituents identified in pit materials. Mud Cully sediments did not 

contain these volatiles, but dJd contain total copper concentrations up to 2.0 
mg/1 and total PNA concentrations up to 0.4 mg/1. Heavy metals, l.e., nickel, 
selenium, antimony,- and lead.'were found in the DOP pits. Hexachlorobenzene 
was found in DOP Pit BB and EC.

Trend) samples collected near Pit 0 provide additional Information on consti­
tuents in soils. Samples collected during the SRI south of Pit Q (shallow 

trench 50) indicate the presence of nine volatile compounds at low pg/kg 

concentrations. The compounds have a low prevalence since they were detected 
in only one or two samples of seven analyzed. These data indicate the 
presence of 1,1,2-trichloroethane in two of seven samples at concentrations of 
8.7-23.9 pg/kg. This compound was the Pit Q constituent detected at the 
highest concentration, and was also detected in Pit Q subsoils. 1,1,2- 
trichloroethane was also present in the trench data.

Trench samples were collected east of Pit 0. The volatile constituents 
present are the same as those detected south of Pit Q, but at slightly higher 
concentrations. Ethylbenzene is present at higher concentrations (35.3-10,400 
pg/kg) and at a greater prevalence (nine of ten samples). Toluene was 
detected in six of ten samples at a maximum concentration of 678 vg/kg. 
Base/neutral analyses indicate the presence of fifteen compounds. The most 
prevalent constituents, and those present in the highest concentrations, are 
the non-carcinogenic PNAs. However, benzo(a)anthracene and ben2o(b)- 

fluoranthene (both known and suspected carcinogens) are present. Benzo(a)- 

anthracene was reported in two of six samples at a range of 67-603 pg/kg, and 
benzo(b)fluoranthene was present in three of six samples at a range of 84 to 
2,500 ug/kg.

RSV 0018454
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The constituents and concentrations present in shallow trench samples do 

appear to indicate some migration of Pit Q constituents horizontally. 

However, at depth (15 feet) in some trench locations (i.e., south and east of 
Pit Q)v no significant migration was detected.

Sanitary sewage sludge which was imported in the past and is contained in 
numerous piles on the northwest section of Brio was sampled. EP toxicity 
metals analyses were negative for the sludge. Five volatile priority 
pollutant compounds were detected in the following concentrations: methylene 
chloride, 39.1 - 55.1 ug/kg; tetrachloroethylene, ND - 58.3 yg/kg; toluene,
35.1 - 110 yg/kg; 1,1,1-trichlorethane, BMDL - 49.1 yg/kg; and trichlorethy- 
lene, ND - 36.3 yg/kg. As expected, the sample collected near the bottom of 
these piles exhibited concentrations higher than the top samples which are 
more exposed to air, thereby promoting more volitllization. Five compounds 
were detected in the bottom sample while only two were detected at the sur­
face .

2.2.4.3 Ground Water
Analytical results from sampling of the Numerous Sand Channel Zone (NSCZ) 
indicate the presence of chlorinated organic compounds: 1,1,2-trichloroethane;
1,2-dichloroethane; vinyl chloride; methylene chloride; and bis(2- 
chloroethyl)ether. The spatial distribution was variable, ranging, from near 
or less than analytical detection levels over much of the site to several 
hundred mg/1 in some areas (e.g., near Pits B, J and Q). Off site monitor 
wells installed in the Southbend subdivision showed concentrations of 
voltatiles high as 19»0OO mg/1 near the site boundary and no chlorinated 
organics in the NSCZ a few hundred feet beyond the site boundary.

Eleven wells were completed in the Fifty-Foot Sand at the Brio/DOP site and 
were sampled for priority pollutants. Eight of the wells did not show any 
detectable levels of priority pollutants.

Trace levels of organic constituents were detected in samples from the BMW-3B 
and BMW-4B Fifty-Foot Sand wells during the RI field work. A series of sam­
ples (time series) were collected over several days while the wells were being 
pumped to confirm the presence or absence of organic constituents. The
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results of this sampling program demonstrated that volatile organic 
constituents are not present in the Fifty-Foot Sand at these locations. Only 

one sample from the BMW-MB well, collected in the middle of the time series, 
showed any trace levels. All subsequent samples from this well showed non- 
detectable levels. The sampling showed that the initially detected organic 
constituents in these wells were probably artificially introduced during 
drilling of the wells.

Low concentrations of organic volatile constituents (1 to 2 mg/1) were 
detected in the BMW-13B well during the initial portion of the SRI field 
study. Time series sampling of the well was initiated in April 1987 to 
determine whether the constituents were introduced artificially during the 
well construction.

During the time series sampling of BMW-13B, the concentrations of all the 
constituents, showed reductions of at least an order of magnitude during the 
first few samplings and then leveled off at about 60 to 60 pg/1 for 1,2- 
dichloroethane and 20 vg/1 or less for the other constituents. The results of 
the time series sampling at the BMW-13B well indicate that a high proportion 

of the initially detected organic constituent levels are attributable to the 
well drilling and completion process. The constituent concentration levels 
measured in the later samples of the time series represent the water quality 
in the Fifty-Foot Sand in this locality. Consequently, it appears that 
organic constituents in the Fifty-Foot Sand are localized, occurring in the 
vicinity of the BMW-13B well. Organic constituents were not detectable at any 
of the other Fifty-Foot Sand well locations.

The contention that organic constituents in the Fifty Foot Sand are localized 

is based on consideration of organic migration rates and dilution/dispersion 
effects in the Middle Clay Unit and the Fifty-Foot Sand. Conservative 
calculations of migration rates indicate that maximum concentration levels in 
the Fifty-Foot Sand in the vicinity of pit J would have been expected at the 
time of pit closure around 1970. Since that time, it is likely that upward 
hydraulic gradients have prevailed in this area as are presently observed. 
These upward gradients are sufficient to counteract density flow of heavier- 
than-water DNAPL particularly as this was observed to be very viscous
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liquid. No additional organic contributions to the Fifty-Foot Sand at this 
location are believed to be occurring at the present time and a gradual 
reduction of concentration levels due to natural flushing is anticipated 

(Appendix A of Suranary Report).

Based on calculated groundwater flow velocities to the south-southeast ranging 
from 4 to 58 feet per year it may be estimated that the extent of groundwater 
impact in the Fifty-Foot Sand is between 80 and 1100 feet to the south of pit 
J if no dispersion/dilution effects are considered. These latter effects are 
probably very significant so that, more realistically, the extent of affected 
groundwater is unlikely to be more than 300-400 feet south of pit J. The 
closest observation well in the" Fifty Foot Sand in this direction is BMW-3B 
approximately 800 feet to the south-southeast of pit J. This well has no 
detectable organics which would be expected from the above discussion.

2.2.4.4 Surface Water

Extensive sampling and testing of surface waters, both stream and runoff, was 
conducted during in the RI and SRI. The sampling program was designed to test 
the qualitative presumption of impact on Mud Gully since the gully is in the 
direction of surface water drainage from the Brio/DOP site.

Data collected during the RI indicates minimal (pg/1) concentrations of 
volatile organics and PNAs present in surface water runoff from the site to 
Mud Gully. During the SRI, surface water samples were collected in Mud Gully 
at Pit B and in the Pit Q drainway. No volatile constituents were detected in 
the Pit Q drainway. All volatile constituents detected in Mud Gully at Pit B 
are at concentrations less than 1 mg/1. The analytical results are summarized 

in Table A-10.~ -

2.3 SUMMARY
The first section of Chapter 2, Site History and Characterization, described 
the site in terms of geographical location, physical structures and 

operational history. Site investigations prior to the RI are identified. The 
types of chemicals processed at the site, the manner in which they were 
handled, and where they, were placed is discussed. The data base used for the 
EA is described in detail and the chemical analyses are summarized.

2-13
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The last section characterizes the site, identifying and quantifying the 
chemical constituents present and their distribution in the environmental 
media (Table 2-1). The identification, occurrence, and distribution of 

constituents of concern provides the basis for appraisal of the existing site 
conditions.

Chapter 3, Environmental Fate and Transport Characteristics, describes the 
potential mobility of the identified constituents in the various environmental 
media to a location where exposure may take place.

BR0/£ndAssS2-R

2-14

RSV 0018458



RSV 0018459



3.0 ENVIRONMENTAL FATE AND TRANSPORT

This chapter describes the behavior of the identified constituents in the 
various environmental media and explains the major factors which influence 

occurrence and distribution patterns presented in the previous chapter. The 
Environmental Fate and Transport section assists the process of selecting 
indicator chemicals in the following chapter, and provides background 
information necessary for evaluation of the remedial alternatives in the FS.

The objectives of this section are. to:

• Group the constituents into categories with similar 
migration characteristics;

• List pertinent transport parameters based on the 
physical and chemical nature of the constituents; and

• Couple transport parameter information with relevant 
site-specific features that affect transport through 
the on site air, soils and water in order to identify 
the exposure potential associated with each class of 
constituents.

The major classes of constituents associated with the pit residuals, pit sub­
soils, surface soils and sediments, surface water, and ground water are the 

volatile halogenated organic compounds, such as 1,1,2-trichloroethane, 1,2- 
dichloroethane, vinyl chloride monomer; base/neutral extractables that include 
bis(2-chloroethyl)ether and polynuclear aromatics (PNAs), commonly referred to 
as polycylic aromatic hydrocarbons, such as phenanthrene and fluoranthene; and 

the inorganic metals, chromium, lead and copper. Table 3*1 contains a list of 
physical and chemical parameters that serve to characterize the most likely 
environmental ~fate of the constituents present in the various on site 
environmental media.

BR0/EndAssS3r
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3.1 PHYSICAL AND CHEMICAL CHARACTERISTICS OF IDENTIFIED COMPOUNDS 
A brief description of transport and mobility related parameters typically 

used in assessing the behaviour of constituents in the environment is 

presented in Table 3-1. The parameters are briefly described below;

s Water Solubility is the maximum concentration of a 
chemical that dissolves in pure water at a specific 
temperature and pH. It is a critical property 
affecting environmental fate and transport. Chemicals 
with high water solubility will tend to be transported 
from soil to ground water and surface water rather than 
remaining in soil or volatilizing.

• Vapor Pressure is a-relative measure of the volatility 
of a chemical in its pure state and is an important 
determinant of the rate of volatilization. Values for 
this parameter, in units of did Hg, are given for a 
temperature range of 20 to 30°C. Constituents with 
high vapor pressure are more likely to migrate from 
soils and ground water and be transported in air.

• Henry's Law Constant is another parameter important in 
evaluating air exposure pathways. Values for Henry's 
Law Constant (H) were calculated using the following 
equation and the values recorded for solubility, vapor 
pressure and molecular weight:

9 . . . Vapor Pressure (atm) X Mole Weight (g/mole)
H(atm-mJ/mole) = Water Solubility (g/n,5)

• Organic Carbon Partition Coefficient (Koc) is a measure 
of the tendency for organics to be adsorbed by soil and 
sediment and is expressed as:

mg chemical adsorbed/kg organic carbon 
Koc = mg chemical dissolved/liter of solution

The Kqc is chemical specific and is largely independent 
of soil properties. The higher the KQC valve the more 
adsorbable the compound.

• Octanol-Water Partition Coefficient (Kow) is a measure 
of how a chemical is distributed at equilibrium between 
octanol and water. Kou is an important parameter and 
is used often in the assessment of environmental fate 
and transport for organic chemicals. High Koy values 
are generally indicative of a chemical's ability to 
accumulate in fatty tissues and therefore biomagnify in 
the food chain. The KQW also helps to determine a 
chemical's movement from an organic matrix to water and 
soil. Additionally, Kow is a key variable used In the 
estimation of other properties.
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• Bioconcentration Factor as used in this document is a 
measure of the tendency for a chemical in water to 
accumulate in fish tissue. The equilibrium 
concentration of a chemical in fish can be estimated by 
multiplying the concentration of the chemical in 
surface water by the fish bioconcentration factor for 
that chemical. This parameter is therefore an 
important determinant for human intakes via the aquatic 
food ingestion route.

• Chemical Half-Lives are used as measures of 
persistence, or how long a chemical will remain in 
various environmental media. Table 3-1 presents values 
for overall half-lives, which are the results of all 
removal processes (e.g.t phase transfer, chemical 
transformation and‘'biological transformation) acting 
together rather than a single removal mechanism.

3.2 MIGRATION CHARACTERISTICS OF THE PRINCIPAL CONSTITUENTS 
Each of the listed classes of chemical constituents detected at the site, 
i.e., PNAs, phthalate esters, volatile halogenated organics, semi-volatile 
halogenated organics, and inorganic heavy metals, will behave differently in 
the environment. A short description of their behavior is given below:

• Migration of PNAs - Generally, PNAs are highly innobile 
in soils due to their low water solubility (thus non 
leachable). Their high partition coefficient <Kow) and 
high soil adsorption coefficients (Koc) combined with 
their resistance to oxidation or hydrolysis are 
indicative of their persistence in the soil 
environment. They are usually found bound to 
particulates and soils, unless there are high enough 
concentrations of organic solvents present In the soils 
to allow migration of organic contaminants by 
nonaqueous phase liquid (NAPL) flow conditions 
(Villaume, 1985).

PNAs will not volatilize, as indicated by the low vapor 
pressure, and therefore are not of concern in the air 
pathway (except as particulate emissions). They are 
not subject to hydrolysis or oxidation but may be 
biodegraded by selective soil microorganisms. Usually, 
PNAs will not be transported in the environment except 
by physical means such as sediment in surface runoff 
during storm events.

Migration of PNAs is expected to be extremely limited.
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Migration of Phthalate Esters - The phthalate esters 
have a relatively low water solubility, l.e., 1.3 mil* 
ligrans per liter (mg/1) for bis(2-ethylhexyl) 
phthalate and should be relatively iaoobile in 
subsurface soils. They will not be readily transported 
to surface water due to low water solubility, and will 
not readily volatilise as indicated by the very low 
vapor pressure. Consequently, phthalates will 
typically be carried along during physical transport of 
surface soils during storm events.

Migration of Inorganic Heavy Metals - Chromium, copper 
and lead are normally distributed between the liquid 
and the solid phase in soils. In the pore water of the 
soil, they may exist as free ions or as 
organic/inorganic complexes, where their mobility 
depends on the availability of organic carbon for 
absorption and inorganic liquids for ion exchange and 
their respective solubilities.

In the solid phase, metals may be incorporated into 
crystalline minerals of the parent rock material 
(dependent on origin of the sand particles) and 
secondary clay minerals, or precipitate as insoluble 
organic or inorganic complexes. They may also be 
loosely or tightly sorbed onto exchange sites.

Their transport via the air pathway is a concern only 
to the extent that soil particles to which the metals 
may be sorbed are subject to wind-driven erosion.

Transformation from aqueous and solid phases depends on 
the chemical environment of the soil. For most metals, the 
possibility of leaching to ground water is limited.
Most metals are precipitated from the soil leaching medium. 
However, pH of 2-3 is required before extraction of a significant 
amount of metals occur (Brown, 1980).

Migration of Volatile Halogenated Organics - The volatile organic 
constituents detected at the Brio site are generally mobile in 
the soil environment due to high vapor pressures indicative of 
volatility, and high water solubility. Their high octanol/water 
coefficient and low soil adsorption coefficient are indicators of 
a limited capacity to adsorb to soil particles. These 
characteristics may explain their presence in some of the surface 
water samples. Concentrations would be rapidly attenuated in a 
moving stream, however, where aeration takes place due to 
turbulent flow.

3-4
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3.3 SUMMARY
In the preceding chapter, the constituents of potential concern have been 

identified and their concentrations and distribution patterns described. 
Based on the identification, the constituents were delineated into classes in 
terms of their environmental behavior. This chapter presented chemical 
properties and provided a general evaluation of the constituents' potential 
for mobility and transport in the environment.

In the following chapter, the constituents found at the site are evaluated as 
to which may pose actual or potential risks to the public health and the 
environment, should sufficient exposure occur. From this evaluation a group 
of indicator chemicals can be defined that represent the risks associated with 
potential exposure to site constituents. The hazard component of risk will be 
defined in site~specific terms to provide the information needed to support 
subsequent exposure assessments.

BR0/EndAssS3r
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4.0 HAZARD IDENTIFICATION

The site has been described by identifying the constituents, their occurrence, 
and their distribution patterns in the environmental media. Behavior of the 
constituents was characterized generally by their chemical and physical nature 
to predict potential for migration to an off site location where exposure 

could take place. This section will provide the toxicity characterization 
needed to assess the potential risks to public health and the environment 
posed by this site.

Due to the large number of chemicals found in the on site residuals (Table 
2-1), it is necessary to select a smaller group of indicator chemicals that 
adequately represents the potential hazards and probability of exposure. An 
initial screening of the constituents of concern and a selection protocol is 
delineated that result in a list of indicator chemicals.

The following section catalogs and characterizes the intrinsic hazards to 
human health and the environment posed by the detected chemical constituents 
in light of site-specific circumstances. Initially, chemical data were 
compiled. Information on the chemicals detected, their prevalence, distri­
bution, detected concentrations at the site, and their toxicity was develop­
ed. From these considerations, the chemical analytical data for the Brio/DOP 
site were assessed and indicator chemicals were selected.

4.1 SELECTION OF THE INDICATOR CHEMICALS
To perform the EA, it is necessary to address the hazards associated with the 
chemical constituents found in the various environmental media. The effect­
iveness of the-evaluation is not generally enhanced by considering all of the 
contaminants that were detected. To do so tends to mask certain critical 
concerns and makes characterization of risk unnecessarily complicated. There­
fore, selection of indicator chemicals of concern by chemical, or chemical 
class, supplies adequate data for the evaluation and provides a representative 
evaluation of the present situation. This approach presumes that remediation

BR0/EndAssS4-R
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involving indicator chemicals will also result in the remediation of less 
prevalent and lower concentration constituents that were not selected as 

indicator chemicals.

The principal organic and inorganic compounds detected at the Brio/DOF site 
are found in 21 backfilled pits and several wastewater handling units. These 
compounds are listed in Table 2-1. The pits contain residual styrene tar, 
vinyl chloride tars, chlorinated solvents, copper catalysts, and fuel oil.

The following criteria were utilized to select the indicator chemicals from 
Table 2-1 for the health risk assessment and environmental impact analysis:

• If there were significant potential health consequences 
(based on environmental mobility, toxicological 
potential, or level of exposure) associated with an 
individual constituent in site-specific circumstances, 
the constituent was considered to be significant and 
included in the risk assessment.

• The most prevalent constituents found in all of the 
environmental media (ambient air, subsoils, ground- 
water, surface water, and pit residuals) were selected.

• If within a class of related chemicals, the overall 
effects of exposure to any of these constituents could 
be adequately described and evaluated based on a single 
chemical within the class, then that indicator conta­
minant was chosen.

Tables 4-1, 4-2, 4-3, and 4-4 suranarize the results of a quantitative 
screening of potential indicator chemicals. Constituents were ranked in the 
referenced tables by environmental media (i.e., pits, soils, sludges, Mud 

Gully sedimentSj, ground water) based on toxicity, prevalence, concentration, 
and mobility. Evaluating the results across the media and coupling this with 
a qualitative evaluation, described below for all compounds listed in Table 2- 
1, produced tbe final list of indicator chemicals (Section 4.2). The 
screening raticnale for each chemical is presented below.
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H.E 4-l
PHYSICAL/Ch_.,| CAL/TOXI COL 061 CAL 

RANKING OF POTENTIAL INDICATOR CHEMICALS 
FOR PIT MATERIALS 

PAGE I OF 2

CHEMICAL

carcinogenicity
RANKING1 1

<INGESTION) (INHALATION)

__MOBILITY 
VAPOR MATER

CONCENTRATION PRESSURE SOLUBILITY K '2l
PREVALENCE RANK MAX.mg/kq RANK mmHq RANK mg/1 RANK °|ml/

M! HI9MTOAL9 9HQ9!H9 .!!ISlilfI CfiiiSTjju|MT<ri/jftEiJ
' (Ml U

1,2-0ICHLOROETHANE 1 1 2/2 1 245,000 1 64 2 8,520 2 1

T,T,2-TRICHLOROETHANE 2 - 2/2 2 164,000 2 30 3 4,900 1 «,

BIS(2-CHL0R0ETHYL)ETHER 3 - 1/1 3 3,040 3 0.71 1 10,200 5 13,

CHROMIUM . 2 2/2 4 77 - - - - -

1,2-0ICHLOROETHANE 2 1

PIT J

2/2 1 179,000 2 64 2 8,520 3

1 , 1 ,2-TRICHLOROETHANE 3 - 2/2 2 B9,100 3 30 3 4 ,500 2

VINYL CHLORIDE I- 2 1/2 3 22,700 1 2,660 4 2,670 1

BlSI2-CHLOROETHVL)ETHER 4 - l/t 4 1,4 10 4 0.71 1 10,200 4 13

1,2-0ICHLOROETHANE t Y

PIT 0

2/3 1 26,100 2 64 3 8,520 2

' 1,1,2-TRICHLOROETHANE 3 - 3/3 2 8,140 3 30 4 4 ,500 1

BtS<2-CHLOROETHYL)ETHER 2 - 1/ 1 3 1,810 4 0.7 ! 2 10,200 3 13

METHYLENE CHLORIOE 4 2 3/3 4 909 I 362 1 20,000 4 8

(DRanktng determined by multiplying unit cancer risk (Ingastlen or Inhalation) X maximum concentration.
(2)K Indicates tha tandancy of an organic chemical to ba absorbed. Lou Kqc values elll tend to ba teachable from soil
mobile In ground uater.
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TABLE 4-1
PHTSICAL/CHCMICAL/TOXICOLOOICAL 

HANKING OF POTENTIAL INDICATOR CHEMICALS 
FOR PIT MATERIALS 

PAGE 2 OF 2

MOBILITY

IIHIMICAI

CAMCINOdlMIC|f V
hanking''*

IINUESTION) 1 (INHALATION) T0XIC!TY<5> PREVALENCE IN PITS
CONCENTRATION 

RANK MAX.no/K*

VAPOR
PRESSURE
RANK BMHa

NAUR
SOLUBILITY 
RANK oo/1

K
RANK

12)
oe

lol/a)

PIT RESIOUALS SHOWING LONER CONSTITUENT LEVELS

t, 1 , 2- TRICHLOROETHAN E 4 - ♦ 2 A.E.K.P.F 9 932 9 30.0 3 4.900 4 96

ETHYLBENZENE - - Repro. Ton E , F ,H , 1 ,K,R B S3S 9 7 3 792 2 1,100

CHROMIUM - 1 ♦ 4 L.O.R.AA.BB.CC.OO. 
EE «FF

3 • SO - - -

7.2-DlCHLOROETHANE 3 2 ♦ S E.F.K.R.N 4 930 4 • 4 2 0.920 4 14

METHYLENE CHL0RI0E 9 3 -1 1 9 296 2 362 ♦ 20.000 9 • .0

VINYL CHL0RI0E 2 4 0 K l» • 0 1 2.660 4 2.670 3 ST

NICKEL - - ♦ 2 BB.CC 10 179 - - -

SELENIUM - - Tom I c CC 12 91 - -

ANTIMONY - - TonIc CC 7 600 - - -

LEAO - - TomIc AA.CC.OO.EE.FF 2 7.320 - - -

HEXACHL0R0BCN2ENE t - ♦ 3 0B.EE 6 674 6 tx»o"* 6 0.006 1 3.900

III iMkliig AeterolneA by Multiplying unit cantor rill (Ingestion or Inhalation) X aailaua concentration.
(2) I2>K lallcilti ttio tendency ot an organic ehealeel to be nbeerbeA. Loo oaluaa olll tanA to bo teachable Iron aol I anA aobllo Inoc 06

ground attar,
IS) Far caralnogana the CAG lag^ potency InAea la given. On thle eeale. a cheelcel vlth an InAan ol *3 la about a thouaenA tinea aoro potent
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TABl. 4-2
PinfSICAL/CIIEMICAL/TOXICOLOGICAL 

RANKING OF POTENTIAL INDICATOR CHEMICALS 
SUBSOIL AND WASTEWATER TREATMENT SYSTEM SLUDGES

CARCINOGENICITY
RANKING*1'

-MOBILITY

PREVALENCE CONCENTRATION
VAPOR

PRESSURE
WATER 

SOLUBILITY (2)
CHEMICAL (TNG.) (TNHAl.. ) NO. OF PITS RANK MAX.mff/kff RANK TnrnH? RANK mg/1 RANK

SUBSOIL

1,1,2-TRICHL0R0ETHANE 1 ' 8 1 918 3 30 3 1,500 2 56
1,2-DICHLOROETHANE 2 1 7 2 515 2 64 2 8,520 3 14
METHYLENE CHLORIDE 3 2 3 3 58 1 362 1 20,000 4 8.8
1,1,2,2-TETRACHLOROETHANE 4 - 1 4 1 i| 5 4 2,900 1 118

WASTEWATER TREATMENT SYSTEM SMIDGES
NO. OF SAMPLES

CHROMIUM - 1 6 1 94 _ -

CHRYSENE 1 2 1 2 85 4 6.3X10 p 
2.2X10“°

4 0.0018 6 200,000
BENZ0(A)ANTHRACENE 2 3 5 3 16 3 2 0.0057 4 1,380,000
BENZO(B)FLUORANTHENE 3 II 5 4 11 2 5X10“' 1 0.014 5 550,000
BENZO(K)FLUORANTHENE 4 5 8 4 11 1 5.1X10*; 3 0.0043 5 550,000
BENZ0(G,H, I)PERYLENE 6 7 2 5 II 6 1.03X1.Q“10 

10’ °
10*10 

5.6X10“9

6 0.0007 3 1,600,000
INDENOC1,2,3-CD)PYRENE 8 9 5 8 2 7 7 0.00053 3 1,600,000
DIBENZ0(A,H)ANTHRACENE 5 6 2 6 5 7 8 0.0005 2 3,300,000
BENZO(A)PYRENE 7 6 4 7 3 5 5 0.0012 1 5,500,000

(1) Ranklng determined by multiplying unit cancer risk (ingestion or Inhalation) X maximum concentration.
(2) KqC indicates the tendency of an organic chemical to be absorbed. Low Koc values will tend to be leachable from soil and 
mobile in ground water.

BR0/ENDASSS4Tr (6)
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TABLE 4-3
PHYSIC AL/CHEMIC AL/TOXI COLOG I CAL 

RANKING OF POTENTIAL INDICATOR CHEMICALS

RUNOFF TO MUD GULLY AND 
MUD GULLY SEDIMENT

MOBILITY.
CARCINOGENICITY 

RANKING'1 '
VAPOR WATER

KPREVALENCE CONCENTRATION PRESSURE SOLUBILITY
PHFMirfll (TNfiESTTON) NO LOCATIONS RANK MAY.mp/kcr RANK. nunHff RANK mg/1 RANK Yml/ffl

Rininpr to Mim gully
1
1

1,1,2-TRICHLOROETHANE 2 2 1 72 ppb 3 30 4 •1,500 2 56
BIS(2-CHL0R0ETHYL)ETHER 1 1 2 45 ppb 4 0.71 2 10,200 4 13.9
1,2-DICHLOROETHANE 3 1 3 26 ppb 2 64 3 0,520 3 14
METHYLENE CHLORIDE 4 2 4 11 ppb 1 362 1 20,000 5 8.8
DI-N-BUTYL PHTHALATE — 1 5 10 ppb 5 10“* 5 13 1 170,000

Him CULLY SEMMEHT

CHRYSENE 1 5 1 171 4 6.3X10“9 4 0.0018 7 200,000
CHROMIUM - 8 2 39 - -

BENZO(K)FLUORANTHENE 2 2 3 24 1 5-1xloio
10 fl 

2.2X10“®

3 0.0043 5 550,000
DIBENZO( A,H)ANTHRACENE 3 4 4 11 6 7 0.0005 2 3,300,000
BENZ0(A)ANTHRACENE 4 3 5 8 3 2 0.0057 4 1,380,000
BENZO(B)FLUORANTHENE 5 4 6 6 2 5X10-J 1 0.014 6 550,000
BENZO(A)PYRENE 6 2 7 3 5 5.6X10-9 5 0.0012 1 5,500,000
1NDEN0( 1,2,3-CD)PYRENE 7 1 8 3 6 10-10 6 0.00053 3 1,600,000

(1) Ranking determined by tnultlpyllng unit cancer risk (Ingestion) X maximum concentration.
(2) KqC indicates the tendency of an organic chemical to be absorbed. Low Koc values will tend to be leachable from soil ai 
mobile in ground water.
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4.1.1 Inorganic Compounds

Inorganic compounds such as antimony, chromium, copper, nickel, lead, and 

selenium were detected on site. These compounds were not included as indica­
tors for the following reasons:

Antimony - Rationale for Elimination: It is not prevalent (a single detection 
in one pit). No evidence was recorded of its being leached to ground water. 
Although the metal has innate toxicity, it is not a known mutagen or 
teratogen. It is not present in on site monitoring wells. Its aquatic 
toxicity is low.

Chromium - Rationale for Elimination: It was detected in pit materials, 
wastewater treatment system sludges, and sediments. However, analytical 

testing indicates that chromium present is not in a leachable form. No 
chromium was detected in ground water analyses. Chromium is indicated as a 
carcinogen only, via the inhalation route, of exposure (based on industrial 
fumes in an occupational setting) and in the hexavalent form. The chromium 
detected at Brio/DOP is indicated to be in the non carcinogenic trivalent 

form.

Copper - Rationale for Elimination: Copper was detected in pit materials. Mud 
Gully sediments and NSCZ groundwater. Analyses indicate that the copper is 
not in the leachable form. Copper was found in concentrations of 18.1 mg/1 in 
monitoring well BMW-9A on the Brio site, and 110 mg/1 in monitoring well DMW- 
24 on the Dixie site. Out of 28 analyses, these are the only two 

concentrations above 0.5 mg/1.

Although the metal was prevalent it is not included as an indicator chemical 

principally because it is only toxic to humans in high concentrations (for 
copper salts, the lethal dose is several ounces).

Typically, a risk assessment would assume a uniform distribution of copper 
throughout the NSCZ at the highest anomalous concentration. This would 
overstate the risks by 3 to 5 orders of magnitude. The influence of these 
copper concentrations in the NSCZ on concentrations in Mud Gully may be 
estimated on the basis of calculated NSCZ groundwater discharge to Mud Gully

i
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and dilution effects of normal flow in Hud Gully. The maximum flow of 

groundwater from the DOP site towards Hud Cully is calculated to range from 

6.6 to 102 gallons per year per square foot of cross-sectional flow (Sunxaary 

Report). Maximum copper concentrations of 110 ppm have been observed in 
samples from the DMW-24A well. Copper concentrations in other DOP monitoring 
wells suggest that the maximum width of the NSCZ groundwater plume containing 
copper concentrations similar to DMW-24A levels is less than 450 feet wide. 
Assuming an average thickness for the NSCZ of 20 feet and contributions from 
the DOP North site along a 450 foot reach of Mud Gully yields a discharge to 
Mud Gully averaging 0.93 gpm. Copper contained in this groundwater discharge 
will be diluted by the flow in Mud Gully. Average flows and minimum flows in 
Mud Gully are estimated at 1216 and 679 gpm respectively (See Section 6.3.3).

If the discharge contained the maximum observed copper concentration of 110 
ppm this would result in Mud Gully concentrations ranging from 0.08 to 0.15 
ppm. On this basis, the copper concentration in the groundwater at the DOP 

site does not pose a threat to the aquatic environment of Mud Gully. 
Furthermore, the total copper concentration In Mud Gully downstream of DOP 
North during the RI dry weather sampling was <0.03 mg/1 demonstrating the lack 
of impact due to the discharge of copper-containing groundwater.

Nickel - Rationale for Elimination: Nickel was present in only two pits. No 
nickel was detected in ground water samples or Mud Gully sediments. Nickel is 
a nutrient and has a low acute toxicity to mammals, and its evidence of 
carcinogenecity is equivocal.

Selenium - Rationale for Elimination: Selenium was detected in only one pit 
and at a relatively low concentration (51 mg/kg). There is no indication that 
the compound is leaching to ground water. There is no evidence that selenium 
is a carcinogen in humans. Selenium can produce toxic effects. However, the 
single detection of this low concentration is not of public health signifi­
cance via human oral ingestion or bioccumulation by plants or animals.
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Lead - Rationale for Elimination: Lead was detected only in pit materials. 
The lead present does not appear to be in the leachable form and no lead was 

detected in ground water. Lead has intrinsic toxicity and is a significant 

chemical from a public health perspective. It is unlikely that lead contained 
in DOP pits will present adverse health effects. The concentrations present 
are generally low (with a single isolated value of 1,320 mg/kg) and the 
opportunity for transport via fugitive dust emission of toxicologically 
significant concentrations is remote (because of their confinement in the 

pits).

4.1.2 Carcinogenic PNAs
The detected PNAs carcinogenic included as indicator chemicals are: 
benzo(a)anthracene, benzo(a)pyrene, benzo(b)fluoranthene, benzo(k)- 
fluoranthene, dibenzo(a,h)anthracene and indeno(1,2,3-cd)pyrene.

Carcinogenic PNAs were found -in the Mud Gully sediments at relatively low 
levels (3 to 24 mg/kg) during the RI and in the shallow trench near Pit Q (<1 
to 25 mg/kg) during the SRI. Even though they were found in low 
concentrations at off site locations, are relatively inaccessible to the 
.public; and exhibit extremely low mobility in the soil/sediment, as indicated 
by low water solubility and high soil adsorption coefficients, they are 

included in the indicator chemical list.

4.1.3 Non-carcinogenic PNAs
The prevalence of these compounds requires that, as a class, they be 
considered as compounds of concern. Phenanthrene, acenaphthylene, and 
naphthalene are the most prevalent non-carcinogenic PNAs on site. Other non- 
carcinogens found in the sub-soils and in on site surface soils include: 
fluoranthene, fluorene, anthracene, pyrene, and chrysene.

The non-carcinogenic PNAs are considered as a class of compounds; that is, a 
specific PNA is not selected as an indicator chemical. For purposes of the 
risk assessment and establishing appropriate clean-up levels, the total 
concentration of all non-carcinogenic PNAs detected is used as an exposure 

source term.
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The relatively non-toxic nature of this class of compounds results in a sparse 
amount of available chronic toxicity data. Appropriate data for acenapthenet 

acenaphthylene, fluoranthene, and naphthylene were available and form the 

basis of the risk assessment. The toxicity of the specific PNAs is assumed to 
be representative of PNAs as a class of chemicals.

4.1.4 Volatile Organic Compounds

4.1.4.1 Monocyclic Aromatic Hydrocarbons
The monocyclic aromatic hydrocarbons have been screened as reported below.

Benzene - Rationale for Elimination: Benzene was found at an elevated 
concentration (.257 mg/1) only in the NAPL detected during Phase I of the RI. 
This value was unconfirmed in SRI sampling. In fact, the SRI sampling 
indicated low prevalence and low concentrations of benzene (less than 15 
vg/l). In wells where benzene was detected at elevated concentrations (e.g. 
778 ug/D other constituents (selected as indicator chemicals) were also 
detected. Benzene is a known human carcinogen; however it is concluded that 
the other carcinogens included as indicator chemicals will adequately assess 

the risks of benzene.

Toluene - Rationale for Elimination: Like benzene, toluene was detected in 

NAPL samples. Subsequent sampling detected a low prevalence and 
concentration. The presence of toluene appears to be localized. Whereas 
benzene is a known human carcinogen, there is no evidence that toluene is 
carcinogenic or mutagenic in animals or humans.

Ethylbenzene - Rationale for Elimination: There is no evidence to indicate 
that ethylbenzene is a carcinogen. Because the compound was detected at 
relatively low concentrations in ground water samples, and because its 
occurrence in wells coincides with the presence of carcinogenic volatile 
compounds chosen as indicator chemicals, ethylbenzene not selected as an 
indicator compound.

4-6
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4.'1.4.2 Halogenated Aromatic Hydrocarbons

Chlorobenzene - Rationale for Elimination: Chlorobenzene was not included in 

the indicator chemical list although it was found in 8 of 33 samples during 
the SRI. Chlorobenzene is not considered to be a carcinogen and it has 
relatively low human and aquatic chronic and acute toxicity.

Hexachlorobenzene - Rationale for Elimination; Hexachlorobenzene was found in 
two samples from two pits and one pit surface soil. The compound was not 
detected in the ground water samples. Although hexachlorobenzene is an animal 
carcinogen, it was not included as an indicator chemical due to low 
prevalence. The presence of the constituent appears to be Isolated to Brio 

Pit F and DOP pits BB and EE. The risks associated with the occurence of 
hexachlorobenzene at the DOP site are evaluated in Appendix 1.

Plchloroben2enes - Rationale for Elimination: The dichloroben2enes detected 
(1,2-dichloroben2ene, 1,3-dichlorobenzene, and 1,4-dichlorobenzene) were not 
included as indicators due to their relatively low prevalence and low 
toxicity. The dichlorobenzenes are not thought to be carcinogens.

4.1.4.3 Halogenated Aliphatic Hydrocarbons

1,1,2-trichloroethane, 1-2-dichloroethane, and vinyl chloride were the most 
prevalent compounds found in all of the environmental media. These consti­
tuents also have the greatest associated carcinogenicity. Consequently, they 
were included in the list of indicator chemicals.

Methylene chloride (a potential carcinogen) is included as an indicator 
chemical since-it is widely distributed (present in pits, soils, ground water, 
and surface water). There is some question regarding the prevalence of this 

constituent as it is often associated with laboratory contamination. However, 
because of the difficulty of verification of laboratory contamination, this 
compound will be included as an indicator.

Chlorinates Ethanes and Chlorinated Ethylenes - Rationale for Elimination: 
The following compounds were found with some frequency in the ground water
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samples collected during the SRI and only in the NAPL during the RI: 1,1- 

dichloroethylene; 1,1-dichloroethane; 1,2-trans-dichloroethylene; tetrachlo- 
roethylene; and trichloroethylene. All were found at low geometric mean 

levels. Some higher levels were reported that are considered to be outliers 
(or in a NAPL). They are not included in the list of indicator chemicals due 
to their lower prevalence and chemical/toxicological similarity to 1,1,2- 

trichloroethane and 1,2-dichloroethane.

Chloroform - Rationale for Elimination: Chloroform was found not only in the 
NAPL during the RI, but also in 10 of 33 ground water samples collected from 
the NSCZ during the SRI. However, chloroform was found in a relatively small 
number of samples (25 of 180 samples analyzed) at low concentrations. 
Methylene chloride, a selected indicator chemical will serve as an adequate 
surrogate for the chlorinated methanes (chloroform).

Other Halogenated Aliphatic Hydrocarbons - Rationale for Elimination: Carbon 
tetrachloride; hexachlorobutadiene; hexachloroethane; 1,1,2,2- 
tetrachloroethane, and 1,1,1-trichloroethane were all detected infrequently 
(in one well). Therefore, they were not included on the indicator chemical 

list. Also, their toxicity as part of the class of halogenated aliphatic 
hydrocarbons is represented by the selected halogenated aliphatic hydrocarbons 
chosen as indicators.

4.1.4.4 Chloroethers

Bis(2-chloroethyl)ether was found in pits, NSCZ ground water, and runoff to 
Mud Gully. The constituent was included on the indicator chemical list due to 
its prevalence and potential carcinogenicity. The chemical also represents 
the base/neutral 'constituents detected.

4.1.4.5 Phthalate Esters

Phthalate Esters - Rationale for Elimination: Phtalate esters (bis (2-ethyl 
hexyl)phthalate and di-n-butyl phthalate) were not included on the indicator 
chemical list because of their infrequent occurrence.

4-8 RSV 0018481

V



4.2 SUMMARY OF INDICATOR CHEMICALS
The final indicator chemical list includes the following constituents found in 

the various environmental media during the RI and SRI and screened as 

explained above:

Volatiles

Base/Neutrals

1.2- dichloroethane
1.1.2- trichloroethane 
vinyl chloride 
methylene chloride

bis(2-chloroethyl)ether 
total PNA (non-carcinogenic) 
benzo(a)anthracene 
benzo(a)pyrene 
dfbenzo(a»h)anthracene 
benzo(b)fluoranthene 
benzo(k)fluoranthene 
indeno(1,2,3-cd)pyrene

4.3 CARCINOGENICITY AND TOXICITY OF THE INDICATOR CHEMICALS
Toxicity data for the indicator chemicals identified is given in the follow
section.

4.3.1 Carcinogenicity Evaluation
The carcinogenicity data for the indicator chemicals is given in Tables 4-5 
and 4-6. The carcinogenic potency factors q* recorded in Table 4-5 are at the 
upper 95 percent confidence limits on the slope of the dose-response curves 
derived from animal test studies. The values presented are from two sources, 
the Environmental Criteria and Assessment Office (Health Effects Assessment 
documents), U.S. Environmental Protection Agency (US EPA), Cincinnati, Ohio, 
and the Carcinogenic Assessment Group (CAG) of the US EPA.

Potency factors are used to estimate potential carcinogenic risk. These 
factors, specific to different exposure routes (ingestion and inhalation) are 
given in the reciprocal units of (mg/kg/day)”^.

In addition, the unit cancer risk (UCR) for each chemical has been calculated 
in order to standardize the comparison. By definition, the UCR is the risk 
associated with exposure to 1 yg/ra^ in Ambient air or 1 yg/liter in water for 

a lifetime of exposure by an adult man (70 kg body weight). For 1,2-dichlo- 
roethane the UCR via ingestion is 2.6 x 10“^ (see Table 4-5).

4-9
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TABLE 4-5
CARCIMOOCHICITY PARAMETERS 

TOM INDICATOR CHEMICALS

tO’* CANCER KISH IQ*4 CANCER MS*
POTENCY FACTORS «* INGESTION INGESTION

! UNIT CANCER UNIT CANCER IOR INKINO (ORIMKINQ
INGESTION 

laq/kg/da*1’
INHALATION 

lao/ko/tfavl’*
RISK RISK HATER) INHALATION

wo/a*
HAT(R) INHALATION

CATEGORY CONSTITUENTS (1naattI on) ««/1 ag/ 1 • «/■*

YO 1 at II a 1,1,2-Trlehloroatbana 5,73x10’* 1 ,44x1O’* . 0.4 1 0 .04 1
Vo 1 at 1lo t,2-01ckloroathana 5.1 Ox 10’* 3.30x10’* 2.4x10"* 1.14x10’* 0.34 0.044 0.034 0.0004
Volatlla Vinyl Ck1 or 14a 2.3 2.50x10’* 4.4x10’* 4.14x10’** 0.015 0.12 0,0013 o.otx
Baaa/Nautral 61al2-Ck loroathylIEtbar ».* . - 3.1xto"* - 0.032 - 0.0032 -
Volatlla Matkylana Chlorlda 7,50x10’* 1,43x10** 2,14xl0*7 4.44x10’* 4.7 0.21 0.47 0.021

Notai To obtain tbo Unit Canear Rlik (UCR) loval at axpoaura of I ug/l In xatar or I ug/a* In aln 
UCR Ingaatloa • 11 ufl x I afl x I x 21 ) m - 2 q* ■ 2.44 x to"5 *■

11 tar 1000 ug 70 Kg May 70,000

UCR Inhalation ■ (I ug n t ag x t x 22,0a3) x 4* ■ 22,4 g# • 3.24 x lo’* 4*
"h5 1000 ug 70 Kg «ay 70,000

ai>4 Coneantrat I on at 1- x 10*® rlak • 1 x 10~ * x It ug/l) or It ug/a*|

UCR
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TABLE 4-1
CARCINOBENICITY DATA AND ME|OHT Of CVIOCNCC RATINGS 

FOR INDICATOR CHEMICALS

CATEGORY CONSTITUENTS

LEVEL OF
Evidence** 1’

HUMAN ANIMAL
1 ARC

GROUPING

EPA CATEGO­
RIZATION

ORAL INHAL
TIER

CATEGORY*2*

ORDER OF 
•, MAGNITUDE* *1 
(loo 10 1ndau)

UNIT CANCER 
RISK X CONC

Volottle t#t;2-Trlchlereethane
,

L 3 C C 1 el

(PPB)

T9.9
Volet 1 le I.2*01 eh lornethene 1 S 2B B2 82 « 1 tot
Vo 1et1 1 a Vinyl Chloride s s I A A 0 334
Baae/Neutre 1 81 el2-Ch loroethy1)Ether 1 s 2B 82 B2 42 99,
Volet 1 le Methylene Chloride 1 L 3 B2 B2 • t 0.0239

It)L«V«| 9 t Evidence for C«rcIM9R9HI elfV I 
t • ImiiHIcI**)
S • Sufficient 
L ■ LleI to d
I ARC 4 EPA eategorlea 4«ierlkil In tut,

(2)Cleaalflent ton of chaalcale ter netting RMCLt (Fad. Reg. Noveaber tj. III)),

(5>ReIerencei Clenentn Aaaoc. (Sept. 2). 1983)
"diMlcil, Phyalcel end Biological Proportion of Coapounda Preannt at Hoiordowe Maate $lt*ia under aubcoatract te OCA for EPA.
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Mathematically, a 2.6 x 10~® cancer risk means that a person exposed to 1 pg/1 

of 1,2-dichloroethane by drinking the water for 70 years will have a 0.0000026 
greater chance of getting cancer than an otherwise identical person not 

exposed at all. The usual method is to indicate that this would be 2.6 more 
cases than expected in a population of 1,000,000 due to exposure at that 
level.

The ingestion of drinking water and inhalation contaminant concentrations at 
the 1 x 10"® and 1 x 10"** cancer risk levels have been calculated and are also 

presented in Table 4-5.

The concentrations for the 1 x_10*^ and 1 x 10"® cancer risk level are derived 

by dividing those risk levels by the UCR.

Table 4-6 is a compilation of Weight of Evidence ratings for the indicator 
chemicals detected in the NSCZ which are suspected and known animal and human 

carcinogens.

The weight of evidence is a measure of the strength of the classification 
assigned by the International Agency for Research in Cancer (IARC). Another 
is the US EPA carcinogenic classification defined in the guidelines for 
carcinogenic risk assessment (Federal Register, September 24, 1986, p. 34000) 
of the compounds listed.

Weight of evidence ratings qualify the level of evidence that supports design­
ating a chemical as a human carcinogen. The IARC and EPA categories (see 
Table 4-7) for potential carcinogens are also given.

The tier category refers to the US EPA Office of Drinking Water scheme 
(Federal Register, June 12, 1984) for establishing priorities for setting 
RMCLs. Level III is the lower priority.

4.3.2 Subchronic and Chronic Toxicity
Inherent in the characterization of risk due to chronic exposure to toxic 
substances is the premise that there may be no threshold limit for suspected 
carcinogenic constituents. Also basic tb the assessment procedure is the idea
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TABLE 4-7
US EPA WEIGHT OF EVIDENCE 

CATEGORIES FOR POTENTIAL CARCINOGENS

CATEGORY DESCRIPTION OF GROUP DESCRIPTION OF EVIDENCE

Group A Human Carcinogen Sufficient evidence from epidemiologic studies to 
support a casual association between exposure and 
cancer

Group 81 Probable Human 
Carcinogen

Limited evidence of carcinogenicity in humans from 
epidemiologic studies

Group B2 Probable Human 
Carcinogen

Sufficient evidence of carcinogenicity in animals, 
inadequate evidence of carcinogenicity in humans

Group C Possible Human 
Carcinogen"

Limited evidence of carcinogenicity in animals

Group D Not Classified Inadequate evidence of carcinogenicity in animals

Group E No Evidence of 
Carcinogenicity in 
Humans

No evidence for carcinogenicity in at least two 
adequate animal tests or in both epidemiologic and 
animal studies

RSV 0018486



that, in the case of suspected carcinogenic materials, cancer risk may be the 

limiting factor for acceptability. Other health consequences due to chronic 

exposure to these substances may not be the critical factor. However, this 
report considers both aspects, i.e., chronic toxicity and carcinogenicity, if 

the data are available to do so.

Appropriate available chronic toxicity data that characterize the indicator 
chemicals found in the surface sediments and water are listed in Table 4-8. 
These are the lowest observed adverse effects levels (LOAELS) and health 
advisories developed by the US EPA Office of Drinking Water. Any effects, 
regardless of the severity of the health impact on the test animal, are 
reported and the given value is the lowest reported dose at which the health 
effect is exhibited (or LOAEL). Application of an uncertainty factor to the 
LOAELS, based on the quality of the data, is the method used to develop 
adjusted acceptable daily intakes (AADIs) or risk reference doses (RfDs).

Calculations were performed to determine the level of human exposure (i.e., 
amount of soil ingested) required to reach a toxic effect level. The conclu­
sions are presented in Table 4-8 and discussed in the following paragraphs.

Chronic exposure, i.e., daily over a period of 18 months to two years, to the 
pit residues could result in health impacts if as little as 3 to A grams/day 
were ingested. However, while prolonged ingestion of pit residues could 
result in adverse health effects, exceedance of the lowest adverse health 
effect level and subsequent harmful effects would not occur at the estimated 
average daily ingestion rate of 0.062 gram. The constituents in the pit at 
maximum concentrations (those detected in RI Phase I samples) that approach 
the chronic toxicity levels include: 1,2-dichloroethane (at 245,000 mg/kg);
1,1,2-t'richloroethane (at 166,000 mg/kg) and vinyl chloride (at 22,700 
mg/kg). It is likely that these concentrations represent "hot spots" in the 
pits and thus this qualitative evaluation is very conservative.

Exposure of aquatic biota to maximum observed concentrations of 1,2- 
dichloroethane and 1,1,2-trichloroethane without dilution would have some 
effect due to chronic exposure. However, there is opportunity for sufficient 
dilution before and after the NSCZ ground water reaches Mud Gully. Neither 

acute nor chronic effects on aquatic biota are indicated.

4-11
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TABLE 4-6
CHRONIC TOXICITY PARAMETERS 
FOR THE INDICATOR CHEMICALS 

BRIO/OOP SITE

CONST ItuEHT MAXIMUM DETECTEO CONCENTRATIONS APPROPRIATE TOXICITY PARAMETER REQUIREO HUMAN EXPOSURE LEVEL TO REACH TOXIC LEYt

1,2-0 lcMoro*tlun«

ltl(2*Trlehl«re*tKin«

VIayI Chlor I A*

Methylene Chlorlda

8li(l*Clil»ro*thyi)ltk*r

Pit Realduea - 20,000 ng/kg 
Subislli - SIS ij/kg

• H$C2(R11 OX - 3,960 -g/l 
■ NSCZISR 116N - IS.) og/I

Pit Ritlduti * 168,000 ag/kg 
Subaella - 91S ag/kg 
HSCZIR11 ON - 1,610 ag/l 
NSCZISR I ION * 217 ag/l

Pit Rtildtfti - 23,700 ag/kg
• NSCZI R I ION - t-,060 ag/l
• NSCZISR 11 ON - 106 ag/l

Pit Rail Bust - VOS ag/kg 
Sublotli • 96 ag/kg

• NSCZIAI)QM - 110 ag/l
• NSCZISRI)0N - 20.6 ag/l

• NSCZIRII9M • 42 ag/1
• NSCZISR I)8N - 34 ag/l

LOAEL TO ag/kg/4ay '•
LOAEL 10 ag/kg/day 
Chronic Aquatic - 20 ag/l 
Chronic Aquatic - 20 ag/l

LOAEL 10 ag/kg/day 
LOAEL TO ag/kg/day 
Chronic Aquatic - 6,4 ag/l 
Chronic Aquatic - 9.4 ag/l

LOAEL - 1.7 og/kg/day
Chronic Aquatic - No Laval
Chronic Aquatic - NO Laval

Chrenle Aquatic - NO Laval Reported
o
o
■

Cltronl e Aqufttlc - NO Lava 1 Reported

Ingayflon of )g raalduo 
Ingaitlon of 1,4 kg toll*
W/O dilution will exceed 
Hill cot exceed toxic level

Ingaitlon el 4.2g raalduo 
Ingaatlon of 1,4 kg cella 
N/O dilution ulll exceed 
M/O dilution will exeeed

Ingaatlon of S.2g
Mill not ba prevent In aurlcca uator 
at high eoncantrattona.

Hot quantltlablo

* The ground uatar In tha NSCZ ulll not bo (ngoatad by huaaa receptor*, Tharoforo affactc on aquatic biota aro ouaal 
LOAEL - Loaoit Obaorvad Adverae Effocta Laval

BRO/iNOA SSS4 Tr(101



4.3.3 Acute Toxicity
Table 4-9 contains the toxicity parameters associated with acute exposures and 
an estimate of the required exposure level (single dose) needed to result in a 
toxic response.

Acute exposure to the pit residues, subsoils, surface soils and sediments will 
not result in any health effects via ingestion with the exception of ingesting 
pit residues containing 1,2-dichloroethane (at 245,000 mg/kg) and 1,1,2- 
trichloroethane (at 166,000 mg/kg) at the maximum observed concentrations. 

Ingestion of a half-pound of the residue, a very unlikely occurence, will 
reach the oral rat LDgg dose reported in the Registry of Toxic Effects of 
Chemical Substances (RTECS). ‘All of the other indicator chemicals do not 
appear to present a hazard in the single Ingestion exposure scenario.

Indicator chemicals found at high concentrations in the NSCZ water will 
require dilution (or attenuation) in order to avoid lethal effects to aquatic 
biota. At the maximum observed levels in the NSCZ in samples collected during 
the RI and SRI, 1,2-dichloroethane at 3,580 mg/1 and 1,1,2-trichloroethane at 
IS 10 and 2170 mg/1 and copper at 110 mg/1 would exceed acute toxicity levels 
if no dilution or attenuation occurs. However, as discussed in Chapter 6, 
sufficient dilution would occur in Hud Gully to reduce concentrations below 
levels of concern. All of the other indicator chemicals were observed at 
maximum concentrations below the acute aquatic toxicity (96 hr LC^q) para­
meter.

4.3.4 Developmental and Reproductive Toxicity
Toxicological literature indicates that some of the indicator chemicals have 
exhibited developmental toxicity, i.e., they can induce structural and/or 
other abnormalities in the developing fetus. They also may have some Impact 
on the male and female reproductive system. An evaluation of the reported 
effects of indicator chemicals and the dose needed to produce these effects 
indicates that relatively high doses are necessary to produce these effects.

Characterization of the developmental and reproductive toxicity of the 
indicator chemicals is presented in Table 4-10. In order to provide some 

site-specific perspective to the meaning of the health parameters, soil
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TABLE 4-10
CHARACTERIZATION OF DEVELOPMENTAL 

REPRODUCTIVE TOXICITY (INDICATOR CHEMICALS)

CONSITUTENT
•SOIL (OR RESIDUAL) CONCENTRATION 

HEALTH PARAMETER EQUIVALENT TO HEALTH PARAMETER

1.1.2- Trichloroethane 
CAS No. 79-00-5

1.2- Dichloroethane 
107-06-2

Vinyl Chloride 
75-01-4

Methylene Chloride

bis(2-chloroethyl)ether 
111-114-4

benzo(a)pyrene

None Available.

(a)NOAEL=50 mg/kg/day
mice.

(a)N0AEL=2500 ppm 
(6500 mg/m3) based on 
inhalation.

(c)Based on inhalation 
LOAEL=15,600 mg/m3

None Available.

(d)L0AEL=10 mg/kg/day

None Available.

1.4 x 10"^ mg/kg (or pure 
chemical).

(b)Conversion. 2629 mg/day. 
Assume 50? is exhaled, effective 
dose 1315 mg/1
5.26 x 10“” (or Pure Chemical).

(b)conversion to man: 7000
mg/day. 501 exh.
1.4 x 10”* mg/kg soil (Pure 
Chemical)

None Available.

2.8 x 10“^ mg/kg soil (Pure 
Chemical)

a. USEPA 1985 - Health Advisories for 52 Chemicals. NTIS PB86-338.

b. USEPA 1985a - Health Assessment Document for Chlorinated Benzenes EPA/600/8-84/015F. 
Calculation of Human Equivalent Dosages. Pages 12-96 to 12-91.

c. USDHHS(ATSDR) 1987 - Draft Toxicological Profile for Methylene Chloride.

d. USDHHS(ATSDR) 1987a - Draft Toxicological Profile for Benzo(a)Pyrene.
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concentrations were estimated that equal the chronic daily intake using the 
unrestricted use scenario described in Appendix F.

Exposure to the indicator chemicals at the observed concentrations in ambient 
air would not be expected to result in developmental health impacts. 
Inhalation of the volatile organics at high concentrations, such as 
occupational exposure levels, would be required to initiate developmental 
health effects. Ambient air concentrations would not reach these levels as 
long as the affected material and soil remain undisturbed. Ingestion of 
affected materials and soil from the site, at the maximum observed 

concentrations, will not exceed the lowest reported dose for reproductive and 
developmental toxicity. Ground water is not presently being used and 
therefore does not need to be evaluated for drinking purposes.

4.3.5 Dose-Response Relationships
Risk characterization, especially In cancer risk quantification, is highly 
dependent upon the determination of a maximum effective dose, which is defined 
as the concentration of the constituent that is absorbed. Thus, absorption 
rates through the lungs, gastrointestinal tract, and skin are critical in the 
quantification of the dose response.

PNAs are usually present as strongly absorbed films on the sediment/sand 
particles. Therefore, assuming that the Indicator chemicals are totally 
bioavailable is an extremely conservative premise. For instance, animal tests 
have indicated that hexachlorobenzene in an aqueous carrier is absorbed at 
approximately six percent as compared to an 80 percent rate when administered 
in an oil carrier. For PNAs, a gastrointestinal absorption rate of 50 percent 
has been reported in the literature (EPA-HEA 1984). In the absence of data, a 

total absorption' through the gastrointestinal tract is conservatively assumed 
for the other indicator chemicals in the exposure assessment portions of this 
EA. Benzo(a)pyrene and the other carcinogenic PNAs have high soil adsorption 
coefficients. Therefore, dermal absorption was estimated to be 0.3? and 3? 
for the probable and upper bound exposure scenarios. (Poiger and Schlatter, 
1980).

11-13
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it.3.6 Epidemiological Evidence
Epidemiological studies related to carcinogencity of the indicator chemicals 

are mostly associated with occupational exposure to the chemical. Most 
epidemiological evidence of PNA carcinogenicity in humans involved dermal 

and/or Inhalation exposure of individual workers to PNA containing material 
(coal gas, tars, soot, and coke oven emissions). Those epidemiological 
studies conducted in residential areas associated with PNA-containing 
materials are inconclusive. The results of these studies are summarized in 

Appendix K.

A literature search was conducted in an attempt to identify environmental 
epidemiological studies of vinyl chloride. No epidemiological studies, other 
than occupational exposures, were found for this compound.

4.4 SUMMARY
This chapter, Hazard Identification, serves to focus the EA on a selected list 
of indicator chemicals that adequately represent the potential hazards asso­
ciated with the site. The final indicator chemical list includes the 

following constituents:

Volatiles

Base/Neutrals

1.2- Dichloroethane
1.1.2- Trichloroethane 
Vinyl Chloride 
Methylene Chloride

Bis(2-chloroethyl)ether 
Total PNA (non-carcinogenic) 
Benzo(a)pyrene 
Dibenzo(a,h)anthracene 
Benzo(b)fluoranthene 
Benzo(k)fluoranthene 
Indeno(1,2,3-cd)pyrene 
Benzo(a)anthracene

These constituents were described toxicologically, and appropriate 
quantitative indices of toxicity were developed for site-specific 
circumstances. These data will be used in Chapter 6 to quantify the hazard

BR0/EndAssS4-R
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component of the risk characterization. This chapter has also addressed expo­
sure duration and type to establish the context for the exposure assessment 

that follows.

With the hazard component defined, the exposure assessment in Chapter 5 will 
provide the site specific details of the other component of risk, namely the 

exposure.

4-15
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5.0 EXPOSURE ASSESSMENT

This chapter provides an assessment of the potential for exposure of receptors 

on or near the Brio/DOP sites. For identified receptors, a set of 
hypothetical pathways for exposure are defined. These pathways are assessed 
as to their plausibility or importance relative to public health or 
environmental considerations. Potentially important pathways are identified 
for subsequent, more detailed, characterization of risk (in Chapter 6).

5.1 RECEPTOR DEFINITION
The receptor definition provides an estimation of the expected degree of human 
population (or environmental) contact with the indicator chemical consti­
tuents. The receptor definition analysis involves the following four steps:

• Identification of exposed populations,
• Characterization of population,
• Analyses of population activities,
• Development of exposure coefficients.

The first step requires comparing data on distribution and potential mobility 
of site constituents with population data in order to identify and enumerate 
those populations (human and environmental) that may potentially or actually 
be exposed to the indicator chemicals. The second step, population character­

ization, involves identifying those groups (e.g., infants, elderly, women of 
child-bearing age, endangered or sensitive wildlife species) within the 
exposed populations which may experience a greater risk than the average 

population as a result of a given exposure level. The third step, activity 
analysis, involves an examination of the activities (e.g., employment, 
recreation) of potentially or actually exposed populations in order to define 
the extent or level of exposure of the previously identified and characterized 
populations.

BR0/EndAssS5r
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The final step (Chapter 6, Current Risk Characterization) of the receptor 
definition analysis is the identification of hypothetical exposure 

coefficients. The exposure coefficient combines information on the frequency 
and magnitude of contact with constituents to yield a quantitative value of 

the amount of affected medium contacted per unit of time. Exposure 
coefficients are developed for each exposure route and are used as input to 
calculating the dose incurred. An example of an exposure coefficient would be 
the average daily intake of drinking water.

5.1.1 Land Use and Demographics
Huch development has occurred in the area surrounding the Brio/DOP site in the 
past seven years. Details of land use and demographic factors as they relate 
to site receptors are presented in Appendix B. Several residential 
subdivisions, including Southbend (built between 1980 and 1984) at the 
northern site property line, have been developed. A junior college campus, an 
elementary school, and a hospital are also located approximately half a mile 
from the site.

Outside of the residential and conraercial areas, land is used for grazing and 
for oil and gas production. Approximately 26 oil and gas wells are located 
near the site and several pipeline easements cross the site.

The 1985 population residing within a one-mile zone around the site is 
estimated as 5,751. Approximately 71,000 people reside within a four-mile 
radius of the site.

This population is composed mostly of young families. The distribution by sex 

is not significantly different than national figures. However, the number of 
persons under five years is three times the national average, vhile those 62 
years or older is one-fourth the national average.

Most of the employed persons (over 16 years) are in managerial, professional, 
technical or administrative positions. Seventy-five percent of the residences 
are owner-occupied, single-family dwellings.
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Public or private utilities supply water to 99*9 percent of the homes within 
one mile of the Brio/DOP site. The nearest municipal well is slightly over 
one mile from the site and is completed at a depth of 1,200 feet. This well 

produced over 63 million gallons in 1985.

Most of the other water wells located within a one-mile radius are owned by 
Exxon, and were constructed for various purposes related to oil and gas 
development. These wells are completed at depths ranging from about 100 feet 
to over 1,000 feet. There are seven other water wells within a one mile 
radius which are completed at depths of about 90 feet to several hundred 
feet. Wells on or closest to the site are over *100 feet deep.

5.1.2 Ecology
Surveys conducted on and near the Brio/DOP site found terrestrial fauna common 

to this region. Small mammals are predominately rodents. The aquatic biota 
near the site include annelid • worms, leeches, and aquatic insects. 
Neighboring streams are not suited for diverse aquatic life due to low 
dissolved oxygen levels, wide temperature fluctuations and lack of suitable 
habitat. Mosquito fish, a particularly hardy species, dominates the fish 

population.

5.2 EXPOSURE PATHWAYS
As part of the EA, all known or hypothetical exposure pathways associated with 
the identified receptors were assessed to determine their significance. For a 
complete exposure pathway, three components must exist: a source of hazard, a 
route for constituent mobility to a receptor, and a receptor. A schematic of 
known or hypothetical pathways for the Brio/DOP site is presented in Figure 5- 

1.

Pathways considered are as follows:

• Ground water discharge to Mud Gully.
• Potential effects on drinking water supplies.
• Flow from the NSCZ to the Fifty-Foot Sand.
• Sediment or solute transport in runoff to Mud Gully.
• Volatile emissions.
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• Soil ingestion and dermal exposure.
• Faults.
• Pipeline routes.

An evaluation of these pathways with respect to their impact on public health 
and the environment is discussed in the following subsections.

5.2.1 Ground Water Discharge to Mud Gully
The site is underlain by a shallow water-bearing zone designated the Numerous 
Sand Channel Zone (NSCZ). Effects of pit operations on the NSCZ have been 
observed in several monitor wells (especially in association with Pits B, J, 
and Q). The potentiometric surface maps indicate the flow in the NSCZ is 
toward Mud Gully. A migration pathway by which the on site consitutents can 
be transported to off site locations is the horizontal flow in the NSCZ 
towards Mud Gully. This pathway is examined in more detail in Section 6.3.

5.2.2 Potential Effects on Drinking Water Supplies

The NSCZ is not an existing or potential drinking water supply because of the 
poor yield of the aquifer. The Fifty-Foot Sand is a potential, but not a 
current, drinking water source. Based on demographic data, land use and 
projected water supply plans for the area, it does not appear that the Fifty- 
Foot Sand will be needed as a drinking water source.

The RI states that there are "no known uses of ground water from (the Fifty- 
Foot Sand) as a source of drinking water supply in the vicinity of the 

site". No drillers' logs exist in state or subsidence district records and, 
according to the well inventory (Appendix B), there are only two wells which 
are remotely close to being completed in the Fifty-Foot Sand. One is up 
gradient from - Brio/DOP and the other was used in the drilling of nearby 
oil/gas wells. Area residents receive water from municipal utilities and no 
known domestic water wells have been completed in the NSCZ or the Fifty-Foot 

Sand within a four-mile radius around the site.

A vertical upward gradient exists between the NSCZ and the Fifty-Foot Sand 

over most of the site. Reversal of the gradient is unlikely since it would 
require, for example, heavy ground water pumping of the Fifty-Foot Sand which 

is not currently utilized.
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There are no surface drinking water Intakes in the surrounding area. Drinking 
water sources in the area are mostly ground water supplied by Municipal 

Utility District and City of Houston wells completed in the Evangeline Aquifer 
(greater than 500 to 600 feet deep). Increases in pumping and Installation of 
future wells are not expected, since demographic figures indicate a slower 
than average growth in the area as compared to the rest of the City of 
Houston, and a general trend away from utilizing ground water due to 
subsidence issues.

Two regional aquifers (Lower Chicot and Evangeline) lie at depths of 400 to 
600 feet beneath the site and represent major drinking water supplies for 
residents in the Houston-Galv-eston County area. Available data indicate that 
the thickness of the clay aquitard between the Fifty-Foot Sand and the Lower 
Chicot/Evangeline is 100 to 120 feet and that the hydraulic conductivities of 
clay ranges from 1 x 10”® to 1 x 10“^ cm/sec. From the available data it is 

concluded that it is highly unlikely for constituents to migrate vertically 
through the clay aquitard to the Lower Chicot/Evangeline aquifers.

Three water wells (1597, 1598, and 3434) are located on site (see Appendix B, 
Figure B-2). The existing gradient is upward between the Fifty-Foot Sand and 
NSCZ, and therefore these wells are not considered to be potential vertical 
pathways of water soluble chemical constituents to the deeper regional 

aquifers.

5.2.3 Flow From the NSCZ to the Fifty-Foot Sand
In order for organic compounds to move from the pits to the Fifty-Foot Sand, a 
downward hydraulic gradient must exist. Potentiometric readings from the NSCZ 
and the Fifty-Foot Sand are available for August and October, 1986 and for 

March, 1987. 'These data Indicate that an upward hydraulic gradient between 
the NSCZ and the Fifty-Foot Sand exists over most of the Brio site (Figure 5~ 

2).

However, the northern corner of the site does have an existing downward 
gradient. Evaluation of water level elevation maps indicates that the 
"transition zone" between upward and downward hydraulic gradients has an 

annual lateral shift of approximately 400 feet due to seasonal differences in 
recharge rate to the two aquifer zones.
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The potential for downward movement of constituents into the Fifty-Foot Sand 
increases as the vertical hydraulic gradient transition zone shifts towards 

Mud Gully and the extent of downward hydraulic gradients in the site area 
increases. The maximum extent of this condition has been observed in the 

October, 1986 potentiometric readings. At that time, the transition zone 

occurred about 200 feet to the north of Pit J. Pits L, M and 0 lie in the 
area where downward hydraulic gradients presently exist over most of the 
year. Pits J, K, N, P, Q and R are close enough to the observed transition 
zone that it is conceivable that downward hydraulic gradients may exist at 

certain times during the year in the area of these pits.

The present configuration of the vertical hydraulic gradients on site does not 
readily explain the observed constituent concentrations at BMW-13B. During 

the period when pits were open at the Brio/DOP site, there was an enhanced 
potential for infiltration into the NSCZ due to water ponding in the pits and - 
the proximity of the NSCZ to the base of the pit excavations. The ponded 
water could mix readily with the materials in the pit which would result in 
elevated concentrations of soluble pit constituents in the leachate 
infiltrating into the NSCZ. It is likely that most of the presently observed 
organic constituent concentrations in the NSC2 entered the 2one during the 
operational period. After pit closure the infiltration rates from the pits to 
the NSCZ would decrease dramatically. Concentrations of organic constituents 
in the NSCZ are therefore likely to have reached maximum levels in the 
vicinity of the pits during the operational period and are now generally 
decreasing due to the flushing effect of ground water flow in the unit.

The enhanced recharge from the pits during the operational period would also 
tend to elevate the potentiometric levels in the NSCZ in the vicinity of the 
open pits above normal levels. This could have lead to localized reversals of 
an upward vertical hydraulic gradient between the NSCZ and the Fifty-Foot Sand 
or enhancement of an existing downward gradient. Based on the measured 
transmissivities in the NSCZ and the probable maximum rate of pit 
infiltration, it is unlikely that NSCZ potentiometric levels would be 
increased by more than about one foot above natural levels by local pit 
recharge during the operational period (Appendix C).

5-6
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Based on the above analysis, the maximum potential for movement of affected 
ground water into the Fifty-Foot Sand would have been during the operational 

period when downward hydraulic gradients and constituent concentrations in the 
NSCZ were at a maximum. Concentration levels in the NSCZ would tend to 
decrease following pit closure. Concentrations in the underlying Fifty-Foot 
Sand would reach a peak level some time after pit closure and then start to 
decrease as a result of natural attenuation.

The timing of the occurrence of peak concentrations in the Fifty-Foot Sand 
will be dependent on the rate of movement of affected ground water through the 
Middle Clay Unit which separates the NSCZ from the Fifty-Foot Sand. Given the 
naturally low hydraulic conductivity of the Middle Clay Unit, it is likely 
that the movement of ground water through the unit is relatively slow and that 
peak concentrations in the Fifty-Foot Sand may lag behind peak concentrations 
in the NSCZ by several years.

The potential for leakage from the NSCZ to the Fifty-Foot Sand was evaluated 
using mass balance techniques. A similar technique has been used to evaluate 
soil and ground water quality changes with time at the Sikes and French 
Limited Superfund sites. This evaluation is included in Appendix C. The 
steps involved in the evaluation are as follows:

• Estimate the rate of movement and constituent 
concentration of leachate infiltrating from a pit to 
the NSCZ.

• Calculate the dilution of the infiltrating leachate by 
natural flow in the NSCZ below the pit area and the 
resulting concentration of the constituent in the NSCZ.

• Calculate the excess potentiometric head in the NSCZ 
caused by infiltration from the pit and the resulting 
vertical hydraulic gradient between the NSCZ and the 
Fifty-Foot Sand.

• Calculate the rate of movement of affected ground water 
from the NSCZ to the Fifty-Foot Sand.

• Calculate the dilution of the affected ground water 
entering the Fifty-Foot Sand by natural flow in this 
unit below the pit area and the resulting concentration 
of the constituent in the Fifty-Foot Sand.
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The calculations were performed on a year-by-year basis to allow conditions to 

be changed and to evaluate concentration variation in the NSCZ and Fifty-Foot 

Sand (Appendix 0).

The model was calibrated to reproduce observed constituent concentrations by 

assuming reasonable ranges of values for the various parameters involved' in 

the oaloulation. The results indicate that constituent concentrations are 

expected to decrease over time due to natural flushing in both units. 

Concentrations of these constituents in the Fifty-Foot Sand should reduce to 
MCLs, 10-5 risk levels or detection limits within ten to fifteen years due to 

natural attenuation (Appendix C). This evaluation does not Include the long­

term impact of DNAPLs perched on the Middle Clay unit.

Denser than water, non-aqueous phase liquid (DNAPL) was detected in wells SMVJ- 

13A and BMW-18A during the R1 and also in later samples taken in August 

1987. A layer of heavier-than-water DNAPL approximately four to six inches 

thick was found at the base of the NSCZ at both these well sites. The 

existence of an NAPL containing concentrated organic solvents, in contact with 

the Middle Clay Unit, indicated the possibility of chemical and physical 

alteration of the clay material which could lead to increased permeability. 

This might allow a localized increase in movement of organic constituents 

through the Middle Clay Unit and into the Fifty-Foot Sand given the 

appropriate physical conditions that would allow downward groundwater flow 

through the unit.

Several studies have been performed to assess the influence of organic 

solvents on clay materials. Dilute concentrations of organic solvents (<5?) 

have been found to have no detrimental influences on permeability of natural 

clay soils and more commonly cause a decrease In permeability (Daniel and 

Liljestrand, 1984). Nearly all the published data indicate that the 

permeability of clay to concentrated solvents is 10 to 1000 times higher than 

that to water. However there are some conflicting data that suggest that the 

method of testing employed In many of these studies contributed to most of the 

observed permeability increase and in reality the influence of concentrated 

organic solvents on clay permeability is much less significant.
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An extensive study reported by Anderson, Brown and Green (1982) involved 

permeation of four compacted clays with water and with seven organic 

solvents. The permeability tests were performed using a compaction-mold 

permeameter which does not allow the application of a confining stress. This 

simulates soil conditions at the ground water with zero overburden pressure. 

The soils were permeated in the molds using hydraulic gradients as large as 

370. With most organic liquids, a large increase in permeability of up to 

three orders of magnitude was observed beginning at about 0.1 pore volumes of 

flow. Collapse of the diffuse-double layer of adsorbed cations, shrinkage 

cracking and piping have been postulated as the mechanisms controlling the 

increase in permeability.

There is considerable test data to support the conclusion that clays will 

shrink if the pore water is replaced with liquids having a lower dielectric 

constant (Murray and Quirk, 1982; Barshad, 1952). The dielectric constants of 

nearly all organic solvents range from two to 50 times lower than water and 

would therefore be expected to cause clays to shrink. The work by Anderson et 

al. has been criticized on the grounds that sidewall leakage In the rigid-wall 

permeameters used in the study may have led to anomalously large values of 

permeability for soils that underwent shrinkage when exposed to organic 

solvents. In addition, the elevated hydraulic gradients used in the study may 

have magnified the tendency for piping.

Permeability tests of clay soils with organic solvents performed In flexible- 

wall permeameter with applied confining stress indicate very different results 

from those reported by Anderson et al. Hamilton et al. (1983) found a 

negligible increase in permeability of a clay soil to pure acetone when under 

a confining pressure of 10 psi. The same soil exhibited a permeability 

increase of altoost two orders of magnitude when the test was performed in a 

fixed-wall permeameter with no confining stress. Ongoing studies by Daniels 

and Liljestrand for the US EPA indicate that the permeability of kaolinite to 

methanol is approximately 10 times higher in fixed-wall permeameters compared 

with flexible-wall permeameters. It appears that applied stress conditions 

have a major influence on permeameter test results where shrinkage of the clay 

is likely.
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A confining pressure of approximately 15 psl is usually applied in flexible- 

wall permeameter tests. This is equivalent to about 20 to 30 feet of 

overlying soil. The confining pressure apparently reduces the ability for the 

clay materials to develop shrinkage cracks when exposed to organic solvents. 

Overburden pressure will probably have a similar influence in the field. 

Permeability tests under varying confining pressures have been performed by 

Daniels and Liljastrand as part of ongoing studies. For an assumed unit 

weight of overburden material of 120 pounds per cubic foot, the following 

results were obtained for kaolinite permeated with methanol:

Equivalent Overburden 
Thickness (ft.)

Permeability
(cm/sec)

2
6
15

2.1 x 10~!j 
3.9 x 10"?
3.2 x 10'9

It seems clear that overburden pressure does have a large influence on the 

permeability of kaolinite to concentrated methanol.

The results of the ongoing studies by Daniel and Liljestrand for the US EPA 

are probably more appropriate than that of Anderson et al. (1982) for the 

conditions in the vicinity of wells BMW-13A and BMW-18A at the Brio/DOP 

site. At these locations, the Middle Clay is under about JJO feet of 

overburden confining pressure and the hydraulic gradients across the unit are 

generally less than 0.2 and in an upward direction. The potential for 

permeability increase in the Middle Clay Unit as a result of exposure to 

concentrated organic solvents is therefore likely to be relatively low.

If significant" p*ermeability modification of the Middle Clay Unit had taken 

place, much higher organic concentrations in the Fifty-Foot Sand would be 

expected adjacent to Pit J than are currently observed.

Given current state of the art understanding of the effect of solvents on clay 

permeability, the long-term effect of the sinking NAPL on the Middle Clay unit 

can not be predicted.
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A quantitation of the health risks associated with the detected constituents 

in the Fifty-Foot Sand aquifer is included in Appendix G.

5.2.4 Sediment or Solute Transport in Runoff to Mud Gully

Hud Gully passes through the site. The site facilities and ponds are located 

ionediately to the north and south of Hud Gully. Surface water drainage over 

most of the site flows into Mud Gully (Figure 5-3). Therefore, the gully is 

the first surface water receptor pathway for materials flowing off site in 

runoff.

Approximately 2,000 feet downstream. Mud Gully flows into Clear Creek, which 

then, approximately 12 miles downstream, discharges into Clear Lake. Finally, 

five miles further downstream, Clear Lake flows into Galveston Bay.

Secondary exposure due to recreational use of surface water is not expected to- 

be a viable human exposure pathway due to the low levels of non-persistent 

volatile constituents detected in surface water analyses and the distance to 

hypothetical receptors. Distance and expected surface water mixing and 

turbulence will likely decrease soluble constituents in runoff to

insignificant levels before reaching any recreational areas. In addition, the 

site itself is vegetated, is relatively flat and does not appear to be 

particularly subject to water and wind erosion. However, since there is a 

potential for off-site exposure and since low concentrations of base/neutral 

compounds and metals were detected in Mud Gully sediments, this pathway will 

be evaluated further in the risk characterization, Section 6.2.

5.2.5 Volatile Emissions

Prevailing winds in the site vicinity are southeasterly over populated 

areas. Close proximity of human receptors in the vicinity of the site and the 

presence of volatile constituents on site would indicate that there is some 

potential for Inhalation exposure. A risk characterization of the air pathway 

is presented in Section 6.1.

5.2.6 Soil Ingestion and Dermal Exposure

Brio is bordered by a residential area.. During the SRI surface soil samples 

(depth 0-1 fooz and 9-10 feet) were collected from backyards adjacent to the
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site. These off site residential soil samples indicate no significant 

impact. (Section 2.2.4.2)

Exposure to constituents via ingestion of soil (and dust) can occur by 

inadvertent consumption of soils on the hands, on tools or other objects, from 

nail biting, consumption of soil itself (pica), or by a combination of these 

routes. The soil ingestion pathway is typically only important for certain 

populations-at-rlsk, for example, children playing outdoors. This pathway is 

discussed in the risk characterization, Section 6.2.

5.2.7 Faults
During the RI, a study was performed of Fault No. 70 which runs generally 

east-west across the DOP site. The fault may have influenced the alignment of 

Hud Gully and has seme effect on local ground water elevation.

If the fault intersects affected ground water or affected subsurface 

materials, the integrity of aquitards could be influenced. With observed 

upward vertical gradients in this area of the site, there is no potential for 

vertical migration to deeper aquifers.

The upward vertical gradient between the Fifty-Foot Sand and the NSCZ under 

the DOP site shows that Fault No. 70 has a low potential as a pathway for 

contaminants. This, along with the lack of evidence of significant effects on 

the local hydrogeologic system, indicates that this is not an important 

exposure pathway at this site.

5.2.8 Pipeline Routes

During the SRI a trench was excavated to expose the Friendswood Refining 

Pipeline located* on the northeast side of the Brio North site. The 10-foot 

deep, 8-inch diameter carbon steel pipeline was investigated to determine if 

it might present a potential horizontal off site migration pathway.

The chemical, analytical results indicate minimal concentrations of four 

constituents in the ground water (not surface water) samples in the pipeline 

backfill. Analyses for volatiles and base/neutral priority pollutant 

compounds were all non-detectable except for low vg/1 concentrations of: two
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volatiles; 1f1,2-trichloroethane (15.2 vg/1); vinyl chloride (11.7 pg/1); and 

two non carcinogenic PNAs; acenaphthene (9.06 yg/1), and fluorene (5.57 

yg/1). 1,1,2-trichloroethane and vinyl chloride are very water soluble and

consequently have a high probability of being detected in an aqueous medium. 

The low concentrations detected would indicate little migration of site 

constituents via this pathway. In addition, the backfill material is clay 

(not sand). The low permeability of the clay backfill will further retard any 

potential migration of constituents detected in the backfill ground water.

Based on the chemical analytical data, the conclusion is made that the 

pipeline does not appear to be a significant pathway for horizontal off site 

migration of site constituents.*

5.3 SUMMARY
Potential exposure pathways associated with the Brio/DOP site representing* 

possible risks to public health and the environment are:

• volatile emissions with potential effects on ambient 
air quality,

• dermal contact with or ingestion of surface soils and 
sediments,

• ground water discharge to Mud Gully with potential 
effects on aquatic life.

The risks associated with these pathways are evaluated in more detail in 

Chapter 6.

BR0/EndAssS5r
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