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ABSTRACT 

Since the discovery of a leaking underground gasoline storage 
tank in 1986, corrective actions have been implemented to prevent 
further environmental insult. The tank was excavated and disposed 
of in November 1988. contaminated soil removed from the excavation 
pit was treated and subsequently released as clean fill. This 
report provides a strategy for performing additional 
characterization and corrective actions that are required per 
federal and state regulations. Soil samples will be collected and 
monitoring wells will be installed at various locations around the 
former tank site to assess the extent of plume migration. Based 
on this detailed site assessment, a corrective action plan will be 
put in place to remediate those areas that contain gasoline 
contamination above regulatory levels. Contaminated groundwater 
will be pumped from the wells and treated via air strippers or 
carbon filters. Contaminated soil will be excavated and treated 
by aeration. Since preliminary data indicate that contamination 
is restricted to the former tank site, these corrective actions are 
believed to be sufficient to remediate the site. 
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1. INTRODUCTION 

Following the discovery of a gasoline inventory shortage at 

Oak Ridge National Laboratory (ORNL) , an investigation was 

initiated, the results of which have been published. 1 The 

Tennessee Department of Health and Environment (TDHE) requested 

that remedial actions be implemented as soon as possible. 

Described in the following sections are the actions necessary to 

characterize and to remediate the areas impacted by the underground 

storage tank leak. 

2. BACKGROUND 

2.1 HISTORY 

Located north of Building 7005 (see Fig. 1), tank 7069b was 

constructed of steel and was approximately 30 years old. Inventory 

information indicated that approximately 800 gal of unleaded 

gasoline of its 8300-gal capacity may have leaked. The tank was 

emptied and capped in August 1986. Subsequent sampling and 

analysis of water from three piezometers (i.e., 794, 795, and 796) 

installed in June 1986 near the tank confirmed the presence of 

gasoline in the groundwater. 

in each of the piezometers. 

groundwater sampling and 

Petroleum hydrocarbons were detected 

Table 1 lists the results of three 

analysis events. The highest 

concentrations were detected in groundwater samples collected from 

piezometers 794 and 796: concentrations in samples from piezometer 

795, which is south of the tank, were consistently lower. During 

the installation of piezometer 794, water was collected from the 

boring in a clear glass container. A thin film of product formed 

on the surface indicating the potential presence of product 

floating on the water table. Soil samples were also collected 

during the installation of the piezometers: Table 2 lists the 

results of their analyses. The concentrations of benzene, toluene, 

and xylene (BTX) detected in the samples were less than 1 ppm. 
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Well 
number 

794 
795 
796 

Table 1. Summary of groundwater analyses for 
gasoline tank 706gb leak site (ppb) 

12/19/86 

Benzene 

1260 
22 

870 

BTXB 

4440 
367 

5645 

Date of collection 

6/3/87 

Benzene 

650 
32 

720 

BTX 

9850 
47 

10,420 

4/8/88 

Total 
petroleum 

hydrocarbonsb 

35,000 
<100 

21,000 

8 BTX - benzene, toluene, and xylene. 

bAnalyses were performed for total petroleum hydrocarbons 
only. 

Source: contamination Assessments of the Gasoline Leak site 
at Oak Ridge National Laboratory, Environ. Compliance and Health 
Protection Div., Martin Marietta Energy Systems, Oak Ridge Nat. 
Lab., 1988. 
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Table 2. summary of soil sample analyses for 
gasoline tank 7069b leak site 

Well number 
or soil sample 

location 

794 

795 

796 

S1 

S2 
S3 

S4 

Depth 
(ft) 

June 1986 

2 
5 

10 
5 

10 
5 

10 
12 

February 1987 

5 
8 
4 
4 
5 
8 

8 BTX - benzene, toluene, and xylene. 

BTX 
concentrationS 

(ppb) 

<8 
<8 
<8 
<8 
<8 
52 

178 
27 

<15 
4977 

180 
<15 
<15 
<15 

Sources: contamination Assessments of the Gasoline Leak 
Site at Oak Ridge Nat. Lab., Environ. Compliance and Health 
Protection Div., Martin Marietta Enerqy Systems, Oak Ridge Nat. 
Lab., 1988; and Environmental Assessment Plan for Leaking 
Gasoline Tank, 7000 Area, Environ. Compliance and Health 
Protection Div., Martin Marietta Energy Systems, Oak Ridge Nat. 
Lab., 1986. 

In December 1986, soil samples were collected at six locations 
50 to 100 ft from the tank and at depths from 2 to 10 ft. Gasoline 
was not detected in concentrations above the 10 ppm BTX regulatory 
limit. Four additional locations were sampled in February 1987. 

Thes.e soil samples were collected within 50 ft of the tank along 
utility lines. Table 2 also lists the results of these analyses; 
Figure 2 shows sampling locations. Petroleum hydrocarbons were not 
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detected in the soil samples collected to the south of the tank; 

however, concentrations of BTX were detected in the samples 

collected to the north and west of the tank. These data indicate 

that gasoline constituents have remained localized, a conclusion 

that is consistent wi th the site hydrology discussed in the 

following section. 

The underground storage tank was removed in November 1988. 

The soil in the immediate tank area was removed and aerated, and 

piezometers 795 and 796 were removed. Three soil samples and one 

water sample were collected from the excavation zone (see Fig. 2). 

Table 3 lists the results of these analyses. Petroleum 

hydrocarbons were detected in all samples. The area was 

subsequently backfilled with "clean" crushed stone. 

2.2 SITE HYDROLOGY 

The groundwater in the area is primarily a single aquifer 

system in which the upper regolith is in hydraulic communication 

with the bedrock, interbedded shale, and limestone of the 

Chickamauga Group. Permeabilities in the bedrock are low, and 

water flow is primarily through fissures oriented with the bedding 

planes that dip to the southeast. The upper portion of the aquifer 

resides in a brown silty clay approximately 12 ft thick at the 

site. The groundwater flows to the west and to the south forming 

a distinct divide through the 7000 Area of ORNL. The tank site 

lies on this groundwater divide. (Appendix A details the hydrologic 

data.) 

The upper portion of the aquifer is significantly influenced 

by the surface topography draining to the west and by variations 

in soil permeabilities. The mean permeability calculated from 23 

shallow piezometers in the area is 2.3 x 10"5 cm/s. Measurements 

in piezometers 794, 795, and 796 varied two orders of magnitude. 

The variation in permeability may partially explain the presence 
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Table 3. Summary of analyses from tank pit samples for 
gasoline tank 7069b leak site after tank 

removal (November 1988) 

Sample number8 

Hydrocarbon 

Sl S3 S5 L1 

Benzene, toluene, 
and xylene, ppb 

6,480 5,830 388,200 2,400b 

8S - soil sample, L - liquid sample. 

bAnalysis for benzene only. 

of an anomalous gradient present at the tank site. Groundwater 

elevations collected monthly from each of the three local 
piezometers since December 1986 indicate a localized northerly 

gradient. The gradient shifted from the grid northeast in June 
1987 to northwest in December 1987. The water table gradient is 
the single most important factor influencing the movement of 

floating hydrocarbons. 
Within the Oak Ridge Reservation (ORR) the groundwater is not 

used as a drinking water supply. Potential groundwater users are 

located beyond the reservation boundary, which extends more than 
2 miles in any direction from the tank site. The possibility of 
constituents migrating from the site in sufficient quantities to 

impact a user's supply are incalculably low. 

2.3 REGULATORY REQUXREMENTS 

In September 1988 the u.S. Environmental Protection Agency 

enacted regulations for underground storage tanks that store 
petroleum products. 2 The law requires that owners and operators 

initiate corrective actions when a leak is discovered and states 

that corrective action plans must provide adequate protection of 
• human health and the environment as determined by the implementing 
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agency. Some of the factors to be taken into consideration include 
hydrogeologic characteristics of the site; proximity, quality, and 

current and future uses of nearby surface water and groundwater; 

and potential effects of residual contamination on nearby surface 
water and groundwater. In Tennessee the TDHE is expected to be the 

implementing agency. 

The TDHE establishes methods of cleanup and action levels for 
BTX.3 The action levels for these constituents in groundwater and 

soil are 5 ppb benzene and 10 ppm BTX, respectively, above a 

background of nondetection. However, revised cleanup standards 

have been defined under proposed Rule 1200-1-15 (see Table 4). The 
cleanup levels vary based on groundwater quality, aquifer yield, 

and groundwater use. Table 4 shows only the levels for soils 
having permeabilities of 10-4 to 10-6 cm/s because these values apply 

to site soils that have a mean permeability of 2.3 x 10-5 cm/s. If 
proposed Rule 1200-1-15 is accepted, less stringent limits may 

apply to the site if the groundwater is a TDHE-defined "non­
drinking water supply." 

To be considered a nondrinking water supply, the groundwater 

must be excluded as a "drinking water supply." The TDHE defines 

a drinking water supply as "any aquifer or water source whose 

chemical characteristics meet the primary and secondary drinking 

water standards as defined under Rule 1200-5-1 (regulated by the 

Division of water Supply) and that provides a yield of at least 

one-half gallon per minute. This shall also include any water 

supply used for drinking by the citizens of the state." 

Under current policy, methods for treating or disposing the 

groundwater are not specified; however, methods for treating or 

disposing soil are limited by the policy. Soils containing 10 to 
100 ppm of BTX may be landfilled (upon issue of a special waste 

approval letter), recycled, removed and aerated (if approved by 

the Division of Air Pollution Control), or treated in place. Soil 
containing 100 ppm of BTX or greater may be handled as a 

8 
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Table 4. Proposed cleanup standards for 
groundwater and soils contaminated 

with gasoline 

Drinking 
water 

Nondrinking 
water 

Benzene 

Benzene, toluene, 
and xylene 

Groundwater cleanup level (ppb)8 

5 

Soil cleanup level (ppm) s,b 
50 

70 

250 

sGroundwater and soil cleanup levels apply to gasoline. 

bSoil permeability of 10-4 to 10-6 cm/s. 
Source: Tennessee Department of Health and Environment, Rule 

1200-1-15.06, nRelease Response and Corrective Action for UST 
Systems containing Petroleum"; Rule 1200-1-15, Appendixes 3 and 4. 

hazardous waste, recycled, or treated in place; however, removal 

and subsequent aeration is not allowed by the policy. 

3 • EVALUATION 

Information collected to date indicates that environmental 

impacts are limited to the immediate tank area and that they are 

not a public health threat. However, both TDHE current policy and 

proposed regulations require remediation of gasoline constituents 

in the environment that are greater than the applicable cleanup 

levels. Results from piezometers (Table 1) indicate that the 

concentration of benzene in the groundwater exceeds the current 

TDHE limits of 5 ppb and the proposed non-drinking water limit of 

70 ppb. Characterization and remediation of the groundwater 

therefore is required. 

One postexcavation soil sample (see Table 3) indicates the 

presence of BTX in excess of the current 10 ppm cleanup limit and 
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the proposed 250 ppm nondrinking water cleanup limit for soil. 

All other soil samples collected did not exceed these limits. 

Limited soil sampling will be performed to ensure that this sample 

is not representative of the general soil condi tions. Soils 

confirmed to contain BTX exceeding the action levels will be 

remediated. 

4. FUTURE ACTIONS 

Additional actions include investigations to delineate 

gasoline constituents in the groundwater and soil and remediation 

of the areas defined by the investigation. These activities are 

described below. Table 5 cites the objectives of the data 

collection activities. Estimates of schedule requirements and 

costs are provided later in this section. 

10 
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Objective 

constituent 
delineation 

Regulatory 
threshold 
definition 

Pump 
design re-
quirements 

Treatment 
system re-
quirements 

Soil 
remediation 
requirements 

Table s. Data collection objectives 
for gasoline tank 7069b leak site 

Groundwater sampling 

Total 
Benzene petroleum Free 

hydrocarbons product 

X X X 

X 

X 

X X X 

BBTX - benzene, toluene, and xylene. 

4.1. XNVESTXGATXON 

Pump Soil 
test sampling 

(BTX) a 

X 

X X 

X 

X 

X 

To collect the required information, six 4-in.-diam wells will 
be installed, and three soil samples will be collected at specific 

locations (Fig. 2). Table 6 summarizes sampling and analysis 

requirements. A pump test will be performed on at least one well 

to determine the "aquifer yield." The two wells installed nearest 

to the tank pit area will primarily be used to identify floating 
product. Additional wells will be used to assess plume migration. 

Existing piezometer 794 will not be used to monitor groundwater 
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Table 6. Summary of sampling and analysis 
for gasoline tank 7069b leak site 

Groundwater 
samplese 

Soil samples 
at wells 

Soil samples 
at south end 
of tank 

Field 
screens 

6 

BTXb 

Method 
8020c 

6 f 

3 

Method 
602d 

6 

Total 
petroleum 

hydrocarbons 
(method 602)c 

6 

SScreen samples using a Photovac Tip calibrated to benzene or 
toluene. 

bBTX - benzene, toluene, and xylene. 

c"Environmental Protection Agency Methods for Evaluating Solid 
Wastes," SW 846. 

d40 CFR Pt. 136, Appendix A. 

eSamples are collected quarterly. 
fperform analyses if screening results are greater than 50% 

of the applicable cleanup level. 

quali,ty because the screen does not intercept the water table at 

all times- sampling and analysis results would probably be 

inconsistent. 

The proposed wells (Fig. 2) have been located where 

preliminary groundwater results indicate the presence of petroleum 

hydrocarbons. These results are consistent with the site hydrology 

and behavior of gasoline. The flow rate of the aquifer is very low 

(i.e., 1 to 10 ft/year): this severely limits the effect of flow 

on the migration of the hydrocarbons. Migration of the 

hydrocarbons will be dominated by the spread of the floating 

product down gradient. Because of a localized anomaly, the 

gradient in the immediate tank area varied from the northeast to 

12 
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the northwest where the hydrocarbons were detected. Groundwater 

samples will be collected from each of the newly installed wells 

for analysis prior to initiating remediation. These results will 

be evaluated to determine if the plume has been adequately 

characterized. Additional wells will be installed if the limit of 

migration has not been established for the appropriate benzene 

cleanup level. 

To date 28 soil samples have been collected and analyzed. 

Samples were collected from various depths at ten locations 

surrounding the tank area. Eight soil samples were collected 

during the installation of the three piezometers, and three soil 

samples were collected following removal of the tank. Of these 

soil samples, BTX concentrations in only one (i.e., S5 at the south 

end of the tank pit) exceed the current 10 ppm cleanup level for 

BTX (Table 3). The proposed cleanup levels listed in Table 4 are 

also exceeded. Analysis results indicate that the primary impact 

of the gasoline leak has been limited to the soil in close 

proximity to the tank and that the majority of the impacted soils 

were removed and subsequently aerated during excavation of the 

tank. The remaining soils will be investigated as described below. 

During installation of the monitoring wells, soil samples will 

be collected utilizing a split-spoon sampler. One soil sample will 

be collected in each well at approximately 6 in. above the water 

table. The sample will be screened with a portable organic vapor 

analyzer. If concentrations of BTX over 5 ppm (i.e., more than 50% 

of the applicable cleanup level) are detected, the sample will be 

submitted for laboratory analysis. In addition, three soil samples 

will be collected at the locations shown in Fig. 2. These samples 

have been located near the confirmatory soil sample S5 collected 

in November 1988 (Table 3). S5 is the only soil sample that has 

contained a BTX concentration that exceeds cleanup levels. The 

samples will be collected at approximately 6 in. above the water 

table and analyzed for BTX . 

13 



4 • 2 • BASIS FOR PROPOSED CLEANUP ACTIONS AT OAK RIDGE NATIONAL 

LABORATORY 

The groundwater within the ORR has not been and is not 

currently used as a drinking water supply. The reservation 

boundary extends more than 2 miles in any direction from the tank 

leak site. The isolated location of the site and the low 

permeability of the soil eliminate the possibility of any water 

supply used by citizens of the state being adversely affected by 

the tank leak. In addition to not being used as a drinking water 

supply, the aquifer in the area of the tank will have a low yield 

because of the low permeability of the soil. To verify this, the 

discharge of at least one well in the area of the tank will be 

measured. If the discharge is less than 1/2 gal/min, cleanup 

levels for nondrinking water supplies are proposed as the cleanup 

criteria for the site. 

4.3. PROPOSED REMEDIATION 

The preliminary data indicate that environmental impacts are 

limited to the immediate tank area and are significantly inhibited 

by the natural soil conditions. The proposed remediation plan is 

structured around this assumption. Following the collection and 

analysis phase, the data will be evaluated to determine the 

accuracy of this assumption. Should the prel iminary data not 

accurately reflect the current site conditions, the site 

remediation plan may require significant modification. Should the 

assumptions remain valid, the area will be remediated as described 

below. 

The limited aerial extent of constituents and site conditions 

(i.e., low permeability and shallow water table) are conducive to 

remediation by pumping and treating the groundwater. Free product 

identified on the groundwater surface will be removed by down-hole 

scavenger pumps placed in the 4-in.-diam wells next to the tank pit 

(identified as recovery wells in Fig. 2). The product and 

groundwater will be removed from the wells concurrently to promote 

flow of the product into the well. The product will be pumped to 

an above-grade tank for recycling or disposal. The water will be 

14 



treated with an air stripper or carbon filter and discharged to the 

sewer. Appendix B contains the conceptual design of the system. 

The treatment system may be adjacent to the site or located 

remotely. water will be collected and transported to the remote 

location if necessary. The groundwater recovery system will be 

sized in accordance with the expected well production derived from 

the measured aquifer characteristics. Wells will be added as 

necessary to remediate the impacted groundwater properly. The 

groundwater treatment system will be adequate to treat the 

recovered groundwater to limits for discharge into the storm sewer 

(i.e., 2.13 ppm total petroleum hydrocarbons). Groundwater 

treatment will continue until samples collected from the three 

monitoring wells (Fig. 2) contain contaminants in concentrations 

smaller than the cleanup levels (i.e., 5 ppb benzene for drinking 

water or 70 ppb for nondrinking water). The groundwater samples 

will be collected and analyzed on a quarterly basis. Effluents 

will be sampled and analyzed weekly for the first 4 weeks and 

quarterly thereafter. 

Three soil samples will be collected and analyzed from the 

south end of the tank pit. If BTX concentrations do not exceed the 

applicable cleanup level (i.e., 10 ppm BTX for drinking water or 

250 ppm BTX for nondrinking water), no additional actions will be 

taken. If BTX concentrations exceed the applicable cleanup level, 

the soil will be excavated and aerated. The excavated surface will 

be surveyed with a portable organic vapor analyzer to ensure that 

all impacted soil is removed. Four confirmatory samples will be 

collected - two from the resulting pit and two from the aerated 

soil - to demonstrate that cleanup has been achieved. 

4.4. SCHEDULE 

Figure 3 charts the sequence and duration of activities. 

Approximately 9 months are required from proj ect approval to 

operation of the recovery and treatment system. The project may 

be delayed a minimum of 4 months if a review of the collected data 

indicates that significant changes in the remediation plan are 

required. The estimated duration of the recovery and treatment 

15 



ACTIVITY 

TOHE Approval 

ORNL Planning (ADM. etc.) 

Procure contractor 

Install Monitoring Wells 

Collect and Analyze Samples 

Perform Pump Test 

Evaluate Results(a) 

Design GW system 

Review Design 

Procure Materials 

Install System 

MONTHS 

•••• 1 •••• 2 •••• 3 •••• 4 •..• 5 .••. 6 •••• 7 ••.. 8 ...• 9 .•.•...••. 33 

operate System ____________ _ 

(a) If results require significant modification of the remediation plan, a minimum 
delay of 4 months may be experienced for ORNL through TDHE reviews. 

FIGURE 3 

SCJmDULE OF ACTIVITIES FOR REMEDIATION OF UST 
GASOLINE LEAK SITE 

.' 



.. 

.. 

process is 2 years. This projected schedule presumes that the 

plume has remained localized and excludes regulatory and 

administrative delays . 

4.5. COST 

Table 7 provides an estimate of project costs; however, the 

cost of implementation may vary considerably as a result of 

unanticipated conditions. The costs shown reflect the assumption 

that six wells will be installed and that the plume has remained 

confined to the immediate area of the tank pit. 

For estimating purposes the following assumptions have been 

made: 

o The cost of each 4-in.-diam well is $10,000. 4 

o The cost for each analysis is $225. Sampling cost is equal 

to analysis cost. 

o The equipment costs are based on vendor quotes and catalog 

prices. These costs have been doubled to include costs 

associated with government procurement. The labor costs for 

installation are equal to the total equipment cost. 

o Providing necessary utilities to the site will cost $5000. 

o The cost for reporting is based on submitting three reports 

requiring an average preparation time of 40 h each at $50/h 

and one Action Description Memorandum at 80 hand $50/h. 

o Disposal of 1200 lb of waste carbon materials is $3.25/lb. 5 

This assumes that three units are used at 400 lb each to treat 

o 

200,000 gal of water at 50 ppm BTX. 

will be treated with the system. 

Decontamination water 

Engineering is 25% of the total equipment and labor costs for 

the treatment system. Excavation and backfill contractor cost 

is $100/yd. The cost is doubled to include health and safety, 

17 



Table 7. conceptual cost summary for remediation of 
gasoline tank 7069b leak site 

Groundwater investigation and remediation 

Installation of six 4-in.-diam wells $ 60,000 

Sampling and analysis of six wells quarterly 
for 2 years (40 samples) 

Groundwater recovery system - three pumps, piping, 
and controls 

Product separator, equalization tank, 
carbon filters, and high-water alarm 

utilities 

Effluent water sampling - weekly for 
4 weeks, quarterly for 2 years 

Operation and maintenance 

waste disposal 

Reporting 

Engineering 

Soil investigation and remediation 

18,000 

34,000 

18,800 

5,000 

5,400 

3,000 

3,900 

10,000 

13,200 

Collect 11 samples for analysis 5,000 

Excavation (5 yd) 1,000 

Subtotal $177,300 

ORNL general overhead (40%) 70,900 

Total $248,000 

securi ty, etc. A maximum of 5 yd3 will be excavated. ORNL general 

overhead is assumed to be 40% of the overall cost. 

18 
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Piezometer 
Number 

586 
609 
734 
752 
753 
754 
764 
765 
769 
794 

N 795 +:--
796 
895 
896 
097 
899 
900 
901 
902 
903 
904 
905 
906 

SUMMARY OF CONSTRUCTION DETAILS FOR PIEZOMETERS IN WAG 17 
Excerpted From The EDGe Group's Piezometer Construction File 

Distances Are In Feet From Ground Surface . 
Elevations Are In F~et Above MSL 

Screen Top of Ground 
Len th ft. Sand ack ft. Surface El. . .00 • 0 . .0 

41.70 10.00 30.00 836.33 834.60 
33.20 10.00 21.50 836.74 834.90 
58.00 10.00 47.00 842.50 842.50 
65.00 10.00 53.00 836.02 835.90 
32.20 10.00 20.00 830.02 836.13 
34.00 10.00 24.00 841.63 839.65 
22.20 10.00 9.00 844.03 842.30 
72.00 10.00 61.00 845.01 843.07 
31.00 10.00 19.00 848.50 8~6.49 
12.00 1.00 4.00 840. 92 841.08 
11.50 5.00 5.50 839.74 840.04 
12.50 5.00 7.00 839.92 840.08 
25.10 10.00 14.50 860.04 858.36 
61.20 10.00 55.00 861.22 859.31 
22.00 10.00 11.00 051. 99 050.30 
10.00 10.00 58.50 072.66 870.06 
35.10 10.00 25.00 859.94 058.20 
53.20 10.00 42.50 067.14 865.30 
21.70 10.00 10.00 866.18 864.38 
62.20 10.00 51.00 060.50 858.60 
45.00 10.00 34.00 849.42 847.56 
41.70 10.00 30.70 858.78 856.89 
47.00 10.00 35.00 860.05 857.91 

. 
7.50 

11.00 
11.00 
5.00 
0.00 

11.00 
4.00 
4.00 
8.00 

11.00 
NA 

10.00 
26.00 
6.50 
7.00 
6.00 

16.00 
8.00 
7.00 
7.50 
4.00 

16.00 
26.00 



WAG 17 
GROUND WATER LEVEL ELEVATIONS FOR DECEMBER 7, 1987 

Piezometer Water Level Elevation In 
No. Feet Above Mean Sea Level 

574 825.93 
586 830.23 
609 828.92 
734 824.75 
752 825.52 
753 826.62 
-754 827.77 
764 836.73 
765 839.46 
769 839.46 
794 834.32 
795 833.99 
796 832.92 
895 832.26 
896 834.68 
897 847.35 
899 836.00 
900 832.73 
901 842.14 

902 843.18 

904 838.17 
• 905 831.95 

906 827.98 
"" 
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WAG 17 
HYDRAULIC CONDUCTIVITY VALUES 

, , 

(Excerpted From The WAG 17 Environmental Data Package) 

Well No. 

574 
586 
609 
734 
752 
753 
754 
764 
765 
769 
794 
795 
796 
895 
896 
897 
899 
900 
901 
902 
903 
904 
905 
906 

Geometric mean 

Hydraulic 
Conductivity 
(Meters/Day) 

0.021 

0.027 
0.20 
0.57 
0.0013 
0.049 
0.031 
0.023 
0.037 
O.OOOla 
0.0069 
0.59 
0.0048 
0.0016 
0.030 
0.023 
0.036 
0.0093 
0.0029 
0.032 
0.64 
0.22 
0.00056 

0.020 

a Data value near zero and too small for accurate determination. 
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GEOTEK 
EHOIHEERIHO COM? AHY 

INSTALLATION DATA 

Oue Cos:pleud: 6/14/86 Drillers: Williams & Lewis 

Konltor \.1ell tlo. 794 ecologist/Engineer: Bill Stanley 

OrllUl'Ig Method: 8" Auger No Sample 

otUUng fluid: N/ A 
Hon 1 cor \.1e 11 S c-r-e t"';n"';:--:7~j;-.--;fl~1:-;0~S:-:;l:-:o:-:t:-.-;;2:-;;"~p:;V;::C:------"":"---------
MethOd of Dcvtlop\Tlent:_..;N:..l.I..;/A~ ______ : _________ ;.... _____ _ 

sn ..... TICUPHY 

SoU/Rock ~ 

:hU. 

:."ATtll l..tVtl.. 
1tE.~lIlCS 

Depth Be 10\1 
Reference Point ~ 

COC'.':>tnts: 

Reference Polne: 

Stickup 
1:' 

Ctout 'Backfill. 

2" 
ih~~~de~ lVC C~sin, 

Bo!n:.)nice Sul. 

hnd rUtH Pick 

2" pvc :':«11 Screen 

A-12 

27 

:;~: 

-iI
.:~, -
:::;. . 
.:-: '. .. . .:~ 

I':'· ' . 
::; '\ 
:~:~:<;~~~~~.~ . 

--i 8" r 

.lli.!.:. II t: 2 t I 

Cl:.!L 

0.0 

4.0 

5.0 
5~ 

12.0' 
"-

12.0 



2720 NOLENSVillE ROAD· NASHVillE. TENNESSEe H211 • f61512S6·H9I 

GE01Ei< 
ENCINEERINC COhlPI.N'I' 

".,// 
I ,,~ ,..,(.,,,, ...... 

, ,,1/1.' 
LJot! No. 83-1370 

Log Of Soring 

Clie nl Martin Marietta 
Gas Storage Tank-X-10 plant 

PIOlt!:1 

SOfl:"lg No. 794 Cal" 6/14/~eel 1 I 1 
Type at S C>tI no 8" AUg~r:A'9.MObilelf-..~6" 
Cuing unoYes Size_Drilling mud uUd : Locallon 01 Sot,ng: 
Soring b.'l'gun Boring compleled -

walet I.e .. el G'ound E1evalipn ftlcHed 10 ___ _ 

Time 
0111 

=:-:-:-:--:--"";":"::-:-;-.--"7-.------- Oall 
FielCl Pany: \.It 11.111:5 (, levi s 

IIOCL Ou. $cs! 0 ... 

" .. ,; ; $,,,,,,,, :. 
• .. , E :; I .. DEPTH i 

.. 
0 • . ,:. ~ 1:1 c.t J Onc.,,,h,,,, 01 ,,,.10' 'oe" .. · . 0 CII~ . .. I~ 
1::- •• .. = .. .. ; > c 

, 1I01l"J on Cull;,,; 0;0"'''011 .... ..... . c E 
eS 

0 CI. 0 10 Z: 
It .. • It i c .. % 0 FEET 1.:1 

c It . I .. Iii • Q I ... 0 . 6 Asphalt 

I-
i- L~mestone Grave.L -
I- 2 -

I 
;) -

I 
I -. - Redd~sh Brown ::;~.LJ:y L.L.ay 

I ..: . 
I l-. I ' -. ..: 
I i-

I ! i-
i -

I -. I I I : -
I I I l- -I i-. i . -

I- - -
l- t --I- l~ _ 

1, - Weathered Th~n limestone-:1.7:I 

-
IJ AU2er Retusal (If l..::.u • .r..nu 

- . . U -. -
l' - -- -I- lS _ 

-
II .: -- -:: - .. . - -
l>' -

_ .. 
- -- . . 

It - -----
I...- I -

28 
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WATER LEVEL MEASUREMENTS (Field) Measured by A.E. Hunley * 
Location of Project - Gas Tank 7000 area 
Well Ro. 796 

.. 
DATE HOUR DEPTH TO REHARKS 

WATER (n)** 

12-16-86 13:02 3.19 tape 
12-30-86 11:15 3.40 tape 
1-13-87 12:57 5.08 tape 
1-29-87 10:37 3.35 tape-rechecked 
2-17-87 9:27 4.27 tape 
3-3-87 13:06 3.06 tape 
3-18-87 10:32 3.67 tape 
4-15-87 10:16 3.71 tape 
4-28-87 13:03 4.03 tape 
5-19-87 13: 10 5.57 tape 
6-16-87 14:00 6.41 tape 
7-21-87 10:38 6.05 tape 
8-25-87 10:20 7.88 tape-rechecked 
9-23-87 14:40 8.07 tape 
10-28-87 9:09 8.51 tape 
11-16-87 13:17 7.47 tape 
12-7-87 12:57 7.00 tape 

.. 1-5-88 13:53 4.09 tape-rechecked 
2-1-88 13:09 4.00 tape 
2-29-88 10:43 4.31 tape 
4-5-88 10:28 4.22 tape 
5-2-88 13:32 4.85 tape 
6-6-88 10:03 5.95 tape 

* recopied from original data sheet 

** Measurement (datwn) is 0.16 ft below land surface 

• 

<' 
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GEOTEK 
EHCIHEERIHC COMPANY 

INSTALLATION DATA 
, . 

DICe Coltpltccd: 6/14/86 Drillers: Williams & Lewis 

Monitor Ilell ~o. 795 Ceologisc/Engineer: Bill Staley 

DrHUng Method: 8" Auger No Sample 

Drilling Fluid: N/A 
Hon 1 t or Ile 11 sc-r e-e-n~:--:7;-;';-.~11;-:;1-;O~s-::1;-o-:t-.-:2:-:-II;-:P::V::C:------.::...----------
Hethod of DCveloPlllent:_N_/_A ________ ::-_______________ _ 

STRJ.TICRJ.PHY 

Soll/l\ot'k ~ 

!!ll 

":AUIl LtvtL 
I\EADtNCS 

Depth Be 10,", 
Reference Point ~ 

COIt.~tnts : 

Reference Point 

Stickup 
'C." 

Crout Backfill 

2" 
i'h:l!:lde/! ?VC C.u 1n& 1".:1 

B~:I:.)nite Sul 

$;Ind :~lttr Pack. 

2M PVC ~cll Screen --1
:~:f.§§ :' 
.:': ' .. 

. f:;i .;::' 
:::~:<;~:~~~. ~. 

--1 8
M r-

. A-IS 

30 

lli:!.:. 0 e 2 t I 

0.0' 

0.0' 

3.0' 

4.0' 
4:0' ---

11.0' --11.0' 
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2720 NOLENSVILLE ROAD· NASHVILLE. TENNESSEE J7211 ·16151256·6891 

GEOTEK 
ENCINEERINC COMPIoNY 

/"/ 
, ".' ...... ( ..... 
LJob ~:<·83-1370 Log Of Soring 

bienl Martin Marietta 
Gas Storage Tank-X-10 Plant 

prOIC~1 

BOfl:\g No. 795 OalA 6/l4/8~h,U,1 1 01 

Type at BOtinO ~ii AugerAII~ I 11obl:rn-i3-:-.5"6 

r Location 01 BorlnO: Casing used....Ye.a Sia2!!.. Drilling mud .I,r~tj'_ 
Boring b.~ui\LlJO Boring compleled _.) __ _ 

[Waler Level Ground Elevalipn relerred 10 

Time _oall 

foale 
~-:--:----:-::-:-:-7":'--~------ oall 
Field Pany: \01111.1 ac:s & ll!\J{ 5 

Aock 011. So,l Dill 

0 .. .; ; 5 .... DI. :. 
• .. 5 e :;; I i~ 

.. DEPTH - .. 
0 .. . .: c ~ 

~ L OtlCl'PIoOII 0' 10<' Ollock .. . . D 0 .. 
S': 0- .. ea· " .. .. = > IN c 

, 1I0ln 011 GI,II;I\\I oP""'OIl ..... • c E 0 ~ 0 10 II: 
ea ~ 

II: 4 Q c:: .. z 0 Z: FEET " c I Q 
.. m • ~ 

oJ 0 b' Asphalt 

, -
.: Brown Silty Gray W/l'UqJ.l.", 

Z -
[.., r,rppn Sheen 

I 
) -

1 
I -. -I -

" 
5 - Brown Silty Clay . -

I ! ' -1 -, 
I l-I : -

I I I -i I 
" . - Weathered Llmestone Nlxe'C[ -l- t ..: with Brown Clay -

-
10 -

'11 -
Auger Retusal ~ 'TT" U " ]!;IDl-

of Bore -
I- 11 

-. 
a -. -
l' -

- -
15 -

-
l' - -" - -
~: ..: .. . - --'" - ---. - . 
I' - --. -'--- I 
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WATER LEVEL MEASURIKENTS (Field) Measured by A.E. Hunley * 
Location of Project - Gas Tank 7000 area 
Well No. 795 

DATE 

12-16-86 
12-30-86 
1-13-87 
1-28-87 
2-17-87 
3-3-87 
3-18-87 
4-15-87 
4-28-87 
5-19-87 
6-16-87 
7-21-87 
8-25-87 
9-23-87 
10-28-87 
11-16-87 
12-7-87 
1-5-'88 
2-1-88 
2-29-88 
4-5-88 
5-2-88 
6-6-88 

HOUR 

13:05 
11: 17 
12:55 
10:41 
9:24 

13:08 
10:34 
10: 18 
13:05 
13: 12 
14:05 
10:41 
10:23 
14:44 

9: 11 
13:19 
13:00 
13:55 
13: 11 
10:45 
10:30 
13:34 
10:06 

DEPTH TO 
WATER CIT)** 

3.00 
2.93 
4.48 
2.88 
3.55 
2.77 
3.26 
3.21 
3.03 
4.82 
5.54 
5.31 
7.04 
6.98 
8.73 
6.28 
5.75 
3.24 
3.67 
3.57 
3.66 
3.97 
5.28 

* recopied from original data sheet 

REHA.RKS 

tape 
tape 
tape 
tape-rechecked 
tape 
tape 
tape 
tape 
tape 
tape-rechecked 
tape 
tape 
tape-rechecked 
tape 
tape-rechecked 
tape 
tape 
tape-rechecked 
tape 
tape 
tape 
tape 
tape 

** Measurement (datum) is 0.30 ft below land surface 
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GEOTEK 
EHCiIHEERIHCi COMPAHY 

INSTALLATION DATA 

Ouc Co=pleted: 6/17/86 Drillcrs:. Williams & Lewis 

Monitor lIell 1'10. 796 ecologist/Engineer: Bill Stanley 
DrUlLng Method: 8" Auger No Samples 

Drl1l1ng fluid: N/A 
Monitor IIcll SC-f-e-en~:--:5~'-.--~#~1~0~S~1~o-t-.~2~'~'~P:V:C:------------:-------------------
Method of Development: N/ A ------------;-------------------------

STR.ATICR.APKY 

SoU/Rode. ~ 

~ 

::,J,n:R LEVU. 
Ilt,~tNCS 

Depth hlo.., 
ReCerence Point ~ 

COIt.':Icnts : 

Ret erence hint 

Stickup 
'I:' 

Crovt Sackfill 

2·· 
l~:~~ded PVC Casing 

1I.::'!:.)nicl: Sul 

S~nd :!lter Pick 

2M PVC ~,ll Screen 

.: .. 

A-16 

33 

-H
'~~:~" 
? :. .... ..:. 

I';'· . 
~~~~:<;ii;· 

-{ 8" J-

lli!:. Dc rtl 

0.0 -
0.0 

6.0 

7.0 
r:o -

12.0 
"-

12.0 



2120 NOLENSVILLE ROAO • NASHVILLE. TENNESSEE )1211 • {£ 151256·6191 

GEOTEK 
ENGINEERING COMPLN'I' 

- //::/ 
, ,. /1' .•.• 

:JOb ~:., 83-1370 
Log or Boring 

Clienl 11artin Marietta 
Projccl Gas Storage Tank-X .... lO Plant 

. Lo,allOn 01 SOtlng: 

Waler Level 
Time 
OJIII 1:- -

IIOCl Olla SO,IOOlI 

" .. • ; S~"'OI' :.. 
• .. , e i 'I a ; • .: c· &~ .. . ' 0 0 '. £.: 0- .. fl '!! 0 

...:: ..... • Q. 0 10 
co C . It 4 15 c: .. z 0 
c I c'S 

0- S • I 
-' 

. . 
I . · I • 
I I . j I 

· 

l....- I 

.. 
.! .. 
:> 
% 

, 
I 
I 
I 

• r 
I 

BOM9 No.796 Ii 0:"" 6/l7/~~h;c.1 1 oJ 1 
Type c1i;30tlnQ 8 AugerFl'9' ob1.Le-.Ir-.JB-
Cuing used..::i..e..a. Si1e~ Drilling mud 3'1~ 
Boring b.~un 2 : 00 Boring com~leled _._vu--__ 
a/ounCS Elevalipn ,tlerted 1o __ _ 

=:-:-:-:::---7:":"77':----:-::------- Oa II 
Field PaM)': \J111,1 U:! (, telli s 

DEPrH . -
t 0.11:111>1001\ olIO,' 01 IIleI. 

I", « , I\Oln Oft 1:'''1;,,; DO.r'10011 It 
lEEr ~ 

o • 6 Topsoil 

I - L1mestone Gravel M1xea W/Dr -
2 ..: 

Si.Lty C.Lay 
-

l --. ..: 
..: . 

s -: 
Brown Si.ity C.Lay 

-
' - Wet Below 5;5 -
: -. -. -.- -
t ..: 

-
10 -

-11 ,.;. 
-: Weatl:ierea 2 Tn1n L1meSLone 

11 • . I avers -. 
u ..: 

-
1· -

- Re:rusal ~ IT.'U"' En~ of -
to 1$ -: RnrinD' -

l' - -- -t: - .. . - -
1/1 - - .. - -_. 

• It -= --. 
-= 
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WATER LEVEL MEASUREMENTS (Field) Measured by A.E. Hunley * 
Location of Project - Gas Tank 7000 area 
Well No. 794 

DATE HOUR DEPTH TO REMARKS 
WATER (FT)** 

12-16-86 13:00 4.37 tape 
12-30-86 11: 15 4.06 tape 
1-13-87 13:00 4.83 tape 
1-28-87 13:20 4.66 tape 
2-17-87 9:22 4.35 tape 
3-3-87 13:04 3.83 tape 
3-18-87 10:29 3.80 tape 
4-15-87 10: 14 3.83 tape 
4-28-87 12:59 4.03 tape 
5-19-87 13:08 5.12 tape 
6-16-87 13:58 7.94 tape-rechecked 
7-21-87 10:35 7.57 tape 
8-25-87 10:17 7.14 tape 
9-23-87 14:37 7.59 tape 
10-28-87 9:07 6.43 tape 
11-16-87 13: 15 6.81 tape 
12-7-87 12:54 6.60 tape 

-: 1-5-88 13:51 6.01 tape 
2-1-88 13:06 5.00 tape 
2-29-88 10:41 4.88 tape 

.; 4-5-88 10:25 5.01 tape 
5-2-88 13:29 3.98 tape ., 
6-6-88 10:00 5.34 tape .' . ., 

* recopied from original data sheet 

** Measurement (datum) is 0.16 ft below land surface 

.I 
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Note: The plan layout is 
conceptual. The 
system may be located 
in a remote area and 
the effluent collected 
and transported to the 
remote location. 
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nON OF 
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" 

o ~ 

"-
~ ..... "­... : .... -:.. "-...... ;~ 

, 

J I 
CONCRETE PAO ...... 
~l:"·~· ....... '"' 

....... I§-

, I 

LEGEND 

, 
\ 

?:"VEMEhT 

1 - Oil/Water Separator 
2 - Storage Tank 
3 - Prefilter 
4 & 5 - Carbon Filter 
6 - Product Drum 
7 - Control Unit 
8 - Recovery Well 

~ 

Groundwater Treatment System 
Wells & Piping Schematic 
ORNL Gasoline Tank 7069b Leak Site 



S:J!JECT •... E}.RrW . ~uRC.E.5 .. COJoJSUI.:r ..... fTS PROJE~ NU .... s:'I .................. . 
8R1A.J.J ~EDE~IC.K PH:'SE ............ ';'1.51( ....... . 

BY .~?l""\ ........ Ot.r: o::..-l,,·eq .. C"'E:o(,~::)lr'/ .......... ,,,':'!L . ........ S"'HT "V .... 5£R ...... OF ........ . 

APF'IiI.OX. 30' 

. II) 4002-04 CONTROLLER . 
~ 2030-4-DA TOTAL FLUIDS PUMP 
~ SRCM-4 SLANT RIB COALESCING 

OIL/WATER 5EPARATOR 

----AIR ~ SENSOR LINES 
- PUMP DISCHARGE LiNES 

..J..N- SEPARATOR DISCHARGE LINE. 
-\-SANITARY SEWER 1" 

AI;; $1.11';>1.'1 ~OIJLJ') 11£ CAl'A6L£ 0= {, G.JlM ,..-r SO PSI. FOR 
.S G"'I"\ iI\Il"'\P FI..OVS. 

co..r.:Jtol.1.£~ *-4002-04 $ 4240.00 
pUr\P$ ~ 203D-4-DA $ 1233.00EAC.H "'(4)~4q32.DO 
Si'l'''~''CR .G.5RCM-4 ~ 1700.00 FRP CONSiRI.IC.TlO;'" .. 

f
SUPPL"f/EXHAUST A1R1UBIN& WITH TEFLON . 
SENSOR Wl RE .... $2.40/FT. APPROX. 130 F1. 
REQUIRED FDR ABOVE SENAR10 ... $312.00 

{

PRODUCT DISCHARGE HOSE. 3/8" 1D .$1.20/FT 
FROM PUMP 10 SEPARATOR" APPROX. 130FT 
$15&.00 . 

f
PUMP SUPR:)RT CABLE.. Va- STAINLESS STEEL 
i1.20/FT. FROM PUMP TD WELL HEAD .. 
. APPROX. 46 F1:$57.6.0 

. APPROX SYSTEM TOTAL It 1s,lq7.00 
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cover plate 
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grout 

Bentonite grout 

water level sensor 

asphalt 

n rt 
line 

,..: \ PVC casing 

air supply and return lines 

v 
-::::::: -

pump 

4" diameter S5 screen 
wI 0.02 slots (10 ft +) 

TYPICAL GROUND WATER EXTRACTION WELL INSTALLATION 
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CANS(0)~~® 
MODULAR ADSOREEF?S FOR 
WA TER POLLUTION CONTROL. 
PROCESS LIOUID PURIFICA TION 

• Waite WalerJWash Walll.'t • Laboratory Wlstes • Spill Control 
• Radioac1iylI.' Wasle WlllI.'t • Process Streams/Solvents • PrOlll.'cl IX, RO Units 

Models C1S, C,S XP, C20, C2S, C50. C'OO 
Pan 01 t"e 'eleClion of CANSORB MOCluiar AC\'''lled C'l'!)On Adsorb­
ers is shown .1 f.pnt. Mooel numDers pi"e m,"mum recommenoed 
GPM lor water and 0'''8, low viscosily 1'l'Iuios. Maxtm1Jm how m.y De 
lo_r lOr .. /Scow hauios or lcor femo ...... p .mourill.S wlln 10weD&orpo 
lion pOlential, or 10 ODII.n unr,low im;IUrrty levels Dy m.x,mizlt'll1 
aasorDen\;hCluid CClnllC:1 bme. Units emolay • orooroflllry' lIau.d 
CCllleCl'On system tnll promOtes e"l!n ttow d'$triDut.on tor elleellve 
lIu';II1::&lIon. maximum aaSOrDenl utilizehon efflcoency and lOw lIow 
resislance. 

ConSlruClion is dOllbl. eDOxy/phenolic or Double I)"enolic lined 
l1eel 'S IllnOlrd. 'Tne Cl!1 XP vessel is cross-linked. n,p" oenany 
polyelnyl.ne wit,.. PVC .nd lioe,,,,.,, ,ntemals lor "ipnly corrosi"e 
ClIJIY. $lanClar" unns hive lull ODen nt.as tor replac,ng acsoroenl. 
but can De proviaed m Closed " .. d .'!'$Jons IS neeoed. 

f:or disDOsal 01 r.a:lroous wasla. Ine saluraled C'S converts 10 I 
O.O.T. 58 orllm. Conversion c:aoabilny IS of inlereSI Wllh non-ca'Don 
SOfbenU IS well, lor eX.",Ole .n non,epeneraDIe wes 01 IOn e.tc;/\Inge 
",alerials 10 iSOlate redioa:live WIlta. 

Uft • ..,... c._ ClIO HIlS. c:z!ioIOS. CIS HIlS. 
c:H HIlS. C1DO __ 00Ct QIIO tCIS ..... _lOG. ------"_ ..... ""--_ ... _-­"" c."ISO'II _ CA>CSO'III Hl:IS _ 

~ ... 10 "PlOt: ,J_I ell. Cl' Xii': 
I_I =0. C2!1, ..... ,' ClIO. 
,'" "'per CUIO .. 110\ ~ 

ill 
--r,1 

4 ~ U: '. I: :. vvv:: 
-' ~ 

$",,..,., '1boIIt 
... 'Uem_ .... 

c."SOII& 0'" c...solt. o<J:)S 
UNIS 

CANSORB ~ Models C25, C3S, CSO, C75, C1 00, C20D 
Units 111 lell are oesipned lor oermanenl mstillalion/reuse and elCIllI 
convenience in .eflllin;. LiQuid uno.'orains arl oesi"ned wllh Ilni:lllt' 
CClJleClOtS II oescriDeO above. witll simi'.r efllctiveness in lIow 
plomell,!, Ind low pressll" 01'0;:>, MaDel nllm::.er relers 10 maximum 
wale' viscosity GPM per unit. (AlSO '" cont.ct lime eommenl abO .... ) 

Stlno.rd corlSnuction is ileaII)' ""1 sl'lell wit" bOiled llenpe 1(1). 

eomolelel)' lined willi 1" incll thick lIip'" Density polye!nYlene . .0.0-
10I'0Il' IC:lS .nd bO'llO"'S are "mlorced as neeoe~ 10 IUOD'ess fluing 
in .ervice. InlernalS are I1linless IIHI. pvC and fiDe'plass. 5eoarate 
,,,,inp. allow IICIOI'OllI\1 disCharge and replacemel'll wnnout Ois­
connecting liouid piDing or removinl1 10;:>. SlIen leps assist in posi­
lioning and Iccommodate a bOnorn-mollnll!d, siCie-discnar"ing ball 
val"l! lor removmg spent 10SOrDelllS. 

-u.s .• "'TI"," .. "...,. _ '4"'" 1.I1IIPIS 

~o'l:!.."'''''''''''''''''''''''''''''''''''''''''''''',~''''''''''''''''''''''''''''''~''''''''''''''''''.OI''Ci_~I'''~~or ....... ~O!. __ ~ 
.~urIICIf\).~WIIft .................... ,_ ..... MI1TO • ......,.IO ....... ~~ .. CIifCII\Il.~ ...... f .. ltt) ... ~ ................ ~ ... ~.,.~. 
_..............,.., ..... -... ........ .,.,. .... ~ .... ~ ... ....,., ......... 'ClM' ... ,.... .... .,_ .......... ,.GG~......" .... Dt...,., ........... .,tt..,..,. ...... ..., 

~;JI ..... lit • ....-...n ................................ rrOJ. ....... lit ~ ••• ".,..M"""""""'_"""""'''''.I.",~~''''''.''''''''_'''''.''-"I", 
~- ... ............... .. CANIO'IlI..., ..... .......c ....................... ......, ...................... ., ............................ ~.....,_ ............ tIIIIpI'I-~.,..,.,.,.- ................. ......,. 
~ ..... .,... ............ ..........c~ • ...,... .................. """' ....... HM:Ift.CIfI ......... . 
~\.AIi Sf""""'. alH>M""'"....c CI:JOII'...oIlrll" ....................... ,..... _______ ........... 0CIIDfI ....... ~_.....,..,,...... ... "'I&ICIPl t ... ..,.,. 

..........,.~·,.,.,...... ......... fCICIIe .. ...,.,..,....... ........ ,., .................... • ......... , ....... IDI'l., ..... ...,..,..ftIIINlIIIII' ... .,.· ....... • .... _ ..... 

.. 1I*'ID't ........... 

w~_~~ . 
"OG~ ........ _...-.-••• ........-. ..................... ~Dwe ....... ~ ........ ____ ............................... .....-., 
--...,.--~ ....... .,.......,. . ........, ....... 
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benzene, toluene, and xylene 
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