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EXECUTIVE SUMMARY

As part of the Air National Guard (ANG) Installation Restoration Program (IRP), NUS

conducted a Site Investigation (SI) at the Ellington Field (ANG) facility in Houston,

Texas. Work was performed under Task Order Y-04 of the Martin Marietta Energy

Systems Inc. Hazardous Waste Remedial Actions Program (HAZWRAP). This

document presents the findings of all activities undertaken during the SI.

The purpose of the investigation was to determine whether soils or ground water at

two sites had been attected a result of past waste management practices. The two

sites evaluated as part of the SI were the Former Base Landfill and the Petroleum,

Oils and Lubricants (POL) Storage Area. Field activities were performed in

accordance with procedures outlined in the SI Sampling and Analysis Plan (SAP)

issued on October 26, 1989.

Specific elements of the SI included the following:

0 A geophysical survey - Magnetometry and electromagnetic conductivity

techniques were employed at the Former Base Landfill to aid in

characterizing the shallow subsurface prior to drilling and sampling

activities.

* Installation of soil borings, piezometers and monitoring wells - A total of

three piezometers, four soil borings and nine monitoring wells were

installed at the two sites to characterize geologic and hydrogeologic

conditions and provide locations for the collection of environmental

samples.

0 Collection of environmental samples - A total of three surface soil samples,

32 subsurface soil samples and nine ground-water samples were collected at

the two sites.

* Water level measurements and slug testing - Ground-water elevations in

piezometers and wells were determined in order to establish ground-water

R-48-05-0-016H ES-1



flow direction and hydraulic gradient at the two sites. Slug test data were
used to calculate estimations of aquifer parameters.

" Chemical laboratory analysis - Samples were sent to a fixed-base laboratory
for chemical analysis to determine whether soil and ground water at the
sites had been affected.

" Risk Assessment - Based on the results of field activities and laboratory
analysis, an evaluation was performed to determine actual or potential
threats to public health and the environment.

* Data evaluation and report preparation - This report was prepared to
present the findings of all Sl activities.

Tables ES-1 and ES-2 show the maximum soil and ground-water concentrations
detected at both sites. The tables also indicate the sample number and; for soils, the
sample source. Standards for soils that are enforceable in Texas are indicated in
Table ES-1 notes. Federal drinking water standards are given in Table ES-2, where
available. For risk assessment purposes, soii sample concentrations are compared to
background data. The location of samples are indicated by sample number on
Figures ES-1 and ES-2. A brief discussion of the contaminants detected during the SI,
information about ground water at each site, and conclusions from the risk
assessment are provided in the following sections.

FORMER BASE LANDFILL

Soil

A number of Base Neutral compounds and several pesticides were detected in
surface soil samples collected from the central and eastern portion of the landfill
surface. Several inorganics were detected in surface soil samples at concentrations
higher than literature background values. Heptachlor and phenol were detected ,
only one subsurface soil sample. Mercury was detected in several samples at
concentrations higher than literature background concentration.

R-48-05 -O-I 6H ES-2
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Ground Water

Ground water was encountered at depths varying from 10 feet below land surface at
the southern end of the site to 20 feet below land surface in the northeastern corner
of the site. Ground-water direction is to the east-northeast. The ground-water flow
gradient appears to be strongly influenced by the presence of a large commercial
sand pit east of the landfill.

Two pesticides, alpha-BHC and methoxychlor, were detected at very low
concentrations in two ground-water samples. These compounds are not chemicals
of concern for the following reasons. These compounds are relatively insoluble, and,
based on available data, their source cannot be tied to the landfill. Aluminum was
detected at a concentration approximately three times literature background in one
sample. Aluminum is not considered a toxic chemical and is not currently regulated.
Iron was detected in one ground-water sample at a concentration 10 times greater
than the Federal drinking water standard. However, the concentration of iron
detected is well within the range of background concentrations indicated in the
reference literature (Dragen, 1988).

The risk assessment concludes that no significant risks to human health appear to
exist at the Former Base Landfill based on the available data and the exposure
scenarios considered. It is recommended that no further action be undertaken at the
site and that a Decision Document be prepared in support of this recommendation.

POL STORAGE AREA

Soil

Several volatiles organic compounds were detected in subsurface soil samples
beneath the diked area and adjacent to the railroad spur. The highest concentration
was 13,000 jig/kg ethylbenzene in a sample collected at 4-6 feet beneath the dike.
Two base neutrals were also detected in low concentrations in subsurface soil
samples. All compounds detected in soils at the POL Storage Area, except 4-methyl-
2-pentanone (MIBK), are considered in the risk assessment. MIBK, a noncarcinogenic
chemical, was detected at a maximum concentration of 4 pig/kg, and was not found
in any of the ground-water samples. Petroleum hydrocarbons were detected at

R-48-05-0-0161 ES-3



132 mg/kg in one subsurface soil sample, which is above the Texas Water

Commission (TWC) criteria for clean closure. TWC clean closure criteria is 100 ppm

for total petroleum hydrocarbons.

Ground Water

Ground water was encountered at depths ranging from 10 feet below grade at the
western edge of the site to 16 feet below grade in the southeastern portion of the

site. Ground water flows to the east, and aquifer recharge appears to occur in

portions of the drainage ditch west of the site.

Several volatiles organics were detected at extremely low concentrations in

ground-water samples collected at the site. No contaminants were detected in

ground water at the POL Storage Area that exceed final Maximum Contaminant

Levels or Drinking Water Health Advisories.

The risk assessment concludes that no significant risks to human health appear to

exist at the POL Storage Area. However, the extent of soil contamination at the site

has not been determined. It is therefore recommended that a soil boring program
be implemented at the POL Storage Area to delineate the extent of contaminated

soils east of the railroad spur.

R-48-o5-o -16H ES-4



TABLE ES-i

MAXIMUM SOIL CONCENTRATIONS

Chemical Concentration Sample Sample
(jig/kg) Source Number

Former Base Landfill

Butylbenzylphthalate 290* Surface 01 -FD05-A
Acenaphthene 40*Surface 01-FD05-A
Anthracene 81*Surface 01 -FD05-A
Benzo(a)anthracene 2,5*Surface 01-FD05-A
Benzo(b)fluoranthene 1,0*Surface 01-FD05-A
Benzo(k)fluoranthene 1,5*Surface 01-FD05-A
Benzo(a)pyrene 2,000* Surface 01-FD05-A
Chrysene 2,250* Surface 01-FD05-A
Fluoranthene 4,350* Surface 0 1 -FDO5-A
Fluorene 410* Surface 01-FD05-A
Indeno(1,2,3-cd)pyrene 930* Surface 01-FD05-A
Phenanthrene 3,250* Surface 01 -FD05-A
Pyren e 3,550* Surface 01-FD05-A
Dibenzofuran 200* Surface 01-FD05-A
Phenol 22J Subsurface 0 1-FDO2-A

4,4'-DDT 1O.1 Surface 01-SS03-A
4,4'-DDD 11.1 surface 01-FD05-A
4,4'-DDE 12J Surface 01-FD05-A

ND Not detected.
NA Not analyzed.
J - Lab qualifier indicating estimated value.
HI - Data validation qualifier indicating estimated value.
+ Texas clean closure standard for total petroleum hydrocarbons is 100 parts

per million.
* Average of two duplicate samples using one-half the detection limit for

non-detects.
**Texas clean closure standard is 30 parts per million for the sum total of

benzene, toluene, ethylbenzene, and xylene.
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TABLE ES-1 (CONTINUED)
MAXIMUM SOIL CONCENTRATIONS
PAGE TWO OF THREE

Chemical Concentration Sample Sample

(jig/kg) Source Number

Heptachlor 21 Subsurface 01-SB03B-A

Aluminum 11,000* Surface 01-SS03-A

Arsenic/ 32* Surface 01-FD05-A

Barium 302J Surface 01-SS01-A

Beryllium 0.9 Subsurface 01-SB04A-A

Calcium 39,900 Surface 01-SS02-A

Chromium 16 Surface 01-SS02-A

Cobalt 22 Subsurface 01-SB04A-A

Copper 8.9 Subsurface 01-SBO1A-A

Iron 16,000 Subsurface 01-SB01A-A

Lead 141 Surface 01-SS02-A

Magnesium 3,460 Subsurface 01-SB01A-A

Manganese 540 Subsurface 01-SB04A-A

Mercury 0.34 Subsurface 01-SB05A-A

Nickel 16.2 Subsurface 01-SB04A-A

Potassium 1,400 Subsurface 01-SB01A-A

Sodium (2531 Surface 01-SS03-A

Vanadium 20.9 Subsurface 01-SB04A-A

Zinc/ 180J Surface 01-SS03-A

ND Not detected.
NA Not analyzed.
J - Lab qualifier indicating estimated value.
[ - Data validation qualifier indicating estimated value.
+ Texas clean closure standard for total petroleum hydrocarbons is 100 parts

per million.
* Average of two duplicate samples using one-half the detection limit for

non-detects.
** Texas clean closure standard is 30 parts per million for the sum total of

benzene, toluene, ethylbenzene, and xylene.
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TABLE ES-1 (CONTINUED)
MAXIMUM SOIL CONCENTRATIONS
PAGE THREE OF THREE

Chemical/Site(A) Concentration Sample Sample(ig/kg) Source Number

Pol Storage Area

Naphthalene 180* Subsurface (>2') 02-SB13B-A

2-Methylnaphthalene 640 Subsurface (>2') 02-SB138-A

Benzene** 180J Subsurface (<2') 02-SB13A-A

Ethylbenzene** 13,000J Subsurface (>2') 02-SB13B-A

Total xylenes** 240J Subsurface (<2') 02-SB13A-A

Styrene 5J Subsurface (>2') 02-SB 13C-A

Chlorobenzene 1J Subsurface (>2') 02-SB 13C-A

Methylene chloride 6,100J Subsurface (>2') 02-SB13B-A

1,2-Dichloropropane 1. Subsurface (>2') 02-SB 1 3C-A

Petroleum Hydrocarbons + 132,000 Subsurface (<2') 02-SB13A-A

Acetone 250J Subsurface (<2') 02-SB14A-A

2-Butanone 41J Subsurface (<2') 02-SB14A-A

4-Methyl-2-pentanone 4J Subsurface (>2') 02-SB 13C-A

ND Not detected.
NA Not analyzed.
J - Lab qualifier indicating estimated value.
[ - Data validation qualifier indicating estimated value.
+ Texas clean closure standard for total petroleum hydrocarbons is 100 parts

per million (mg/kg).
* Average of two duplicate samples using one-half the detection limit for

non-detects.
** Texas clean closure standard is 30 parts per million for the sum total of

benzene, toluene, ethylbenzene, and xylene.

!
I
I
I
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TABLE ES-2

MAXIMUM GROUND-WATER CONCENTRATIONS

Primary or

Chemical Concentration Sample Secondary Drinking
(Vg/L) Number Water RegulationsCA)

(uig/L)

Former Base Landfill

Alpha-BHC 0.037.1 01-MWOl-A NA

Methoxychlor 0.022 01-MW-OS-A NA

Aluminum 2,910 01-MW04-A NA

Barium 517 01-MW03-A 1,000

Beryllium [1.31 0 1-MWO4-A NA

Calcium 176,000 01-MW0l-A NA

Chromium [7.91 01-MW04-A 50

Iron 3,710 01-MW04-A 300

Lead 10.6 01-MW02-A 50/5(B)

Manganese 498 01-MW04-A NA

Nickel [12.1] 01-MW04-A NA

Vanadium [10.8] 0 1-MWO4-A NA

Petroleum Hydrocarbon 0.9J 01-MW05-A NA
(mg/L) ___________

P01 Storage Area

Ethylbenzene 6.1 02-MW10-A 700/700(B)

Chlorobenzene 6J 02-MW 10-A 100/100(B)

Total Xylenes 23J 02-MW10-A j10,000/10,000(8)

[Styrene 10 02-MW10-A 5-10/10(8)

Notes:
(A) 40 CFR 141 and 143
(B) Proposed maximum contaminant level (MVCLmaximum contaminant level

goal (MCLG).
- Lab qualifier indicating estimated value.

H] - Data validation qualifier indicating estimated value.
NA - Not Available
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1.0 INTRODUCTION

1.1 PURPOSE OF REPORT

The purpose of this report is to present the findings of all activities conducted as part

of the Site Investigation (SI). Field activities undertaken during the SI included the
characterization of site-specific geologic and hydrogeologic conditions, as well as

the collection of environmental samples for laboratory analysis. Results of
laboratory analysis have aided in the determination of contaminant occurrence and

distribution at the two sites investigated. Utilizing the results of sampling and

analytical activities, a preliminary risk assessment was performed to evaluate actual
or potential exposure risks to public health and the environment. Finally, the

combined results of all Sl activities were evaluated to determine what, if any, further

actions are warranted at each site.

1.2 REPORT ORGANIZATION

The introduction (Section 1) presents background information and outlines the

purpose and scope of the investigation. Section 2 describes field activities

performed by NUS. The results of field investigations and laboratory analyses are
presented in Section 3. Section 4 contains the preliminary risk assessment, and

Section 5 presents summaries, conclusions and recommendations. A list of acronyms

is provided in Section 6.

The appendices contain the following material: regulatory correspondence, field

data, slug test calculations, the geophysical survey report, the analytical data base,

data validation reports, and risk assessment data.

1.3 FACILITY BACKGROUND

1.3.1 Ellington Field Air National Guard (ANG)

Ellington Field (ANG) construction began September 14, 1917. The first contingent

of air service personnel (the 120th Aero Squadron) arrived on November 10, 1917. A

!
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variety of military aircraft have used the facility throughout its history, including the
T-33, F-4C, C-131, Curtis JN-4 and "Super Guppy" aircraft. Ellington Field (ANG) is
now operated by the 147th Fighter Interceptor Group (FIG) of the Texas Air National
Guard, which moved onto the property in 1955. The facility also operated as a
United States Air Force Base from 1917 through 1976.

Ellington Field (ANG) occupies 209 acres of essentially flat coastal plain
approximately 15 miles south of downtown Houston in Harris County, Texas. The
extent of Ellington Field (ANG) property is shown in Figure 1-1. The area within a
1-mile radius of Ellington Field (ANG) is sparsely populated, however densely
populated suburbs of Houston (Pasadena, Friendswood, Clear Lake City, South
Houston, etc.) are located within 5 miles of the facility. The Ellington Field (ANG)
property at the north and and south ends of the facility is separated by Ellington
Field property owned and operated by the City of Houston. Ellington Field (ANG)
property is bordered to the west by a golf course and undeveloped land, to the east
by open fields and a large commercial sand pit and to the north and south by
undeveloped land.

1.3.2 Former Base Landfill

The Former Base Landfill is located at the northern end of Ellington Field (ANG)
property. Site features are shown in Figure 1-2. The landfill site is approximately
30 acres in size and is bordered by a golf course to the west, an undeveloped
wooded area to the north, a commercial sand pit to the east and additional ANG
property to the south. Two munitions storage igloos (Buildings 1412 and 1413) were
constructed on the south central portion of the site and are secured by a chain-link
fence. A chain-link fence coincidental with the Ellington Field (ANG) property line
also surrounds the site on the north, east and west sides. A shallow surface water
drainage ditch is present just outside the asphalt perimeter road on the north and
east sides of the landfill. However, the landfill's irregular surface promotes the
pooling of water, and it appears that most precipitation evaporates or infiltrates
into the shallow soils rather than running off site.

The landfill was used by the United States Air Force from 1942 or 1943 until 1974.
Although no documentation exists regarding the types and amounts of wastes
landfilled, verbal reports by past and present facility personnel indicate that the
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landfill was used only for the disposal of municipal solid waste generated on the
facility property. Modern containment methods were not employed at the landfill
(i.e., the landfill is not capped or lined, and no leachate collection system is in place).
Concrete rubble, one rusty drum, and some uncovered domestic garbage were

noted on the surface of the landfill during site visits.

1.3.3 Petroleum. Oils, and Lubricants (POL) Storage Area

The POL Storage Area is isolated from the main portion of Ellington Field (ANG), at

the south end of the City of Houston property. The site is surrounded by a chain-link
fence which approximates the ANG property line. The POL Storage Area is bordered
by Union Pacific Railroad right-of-way property on the southwest side, Horsepen
Bayou on the north side and undeveloped land on the east side. A drainage ditch on
the railroad right-of-way flows northwest into Horsepen Bayou, which subsequently
flows eastward into Armand Bayou, Pasadena and Mud Lakes, Clear Lake and,
finally, Galveston Bay.

Three above-ground JP-4 fuel tanks (Tanks 39, 164, and 165) and a fuel pump station
(Building 180) are located at the site. The fuel tanks are within a concrete diked
area. A cul-de-sac driveway, which allows passageway for refueling tanker trucks,
runs north-south between the diked area and the pump station. A railroad spur
used for the delivery of JP-4 to the site is situated between the driveway and the
diked area. Six fuel feed standpipes are located just east of the railroad spur, with an
underground 8-inch diameter fuel loading pipeline leading to the storage tanks.

The layout of the site is depicted in Figure 1-3.

A 1973 incident at the POL Storage Area resulted in the release of 8,000 gallons of
JP-4 into the shallow drainage ditch over the period of one weekend. Water that
had collected in the storage tank sump was being pumped into the drainage ditch.
The pump was inadvertently left on and fuel was allowed to discharge into the ditch.
Although attempts were made to contain the spill, most of the fuel reached
Horsepen Bayou. No documentation of regulatory involvement in spill reporting,
containment or countermeasure activities has been found regarding this incident.

Other spill incidents, including one in August 1989 which resulted in an immediate
response action (see Section 1.4.2), are known to have occurred at the POL Storage
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Area in the past. Due to the evidence of fuel-contaminated soils at the site, a
decision was made to investigate the entire POL Storage Area, not just the 1973 spill

site.

1.4 PREVIOUS PROGRAM ACTIVITIES

A Preliminary Assessment (PA) Records Search conducted by the Hazardous Materials
Technical Center between December 1985 and October 1987 identified three sites at
Ellington Field (ANG) which were potentially contaminated with hazardous
materials. Although three sites were identified, only two, the Former Base Landfill
and the POL Storage Area, were investigated as part of the SI. It was determined
that any potential contamination at the third site, the Fuel System Repair Shop,
would be the result of activities occurring after January 1984 and, therefore, not
subject to IRP investigation.

SI activities at the POL were expanded to address the entire area as one site, as a
result of an earlier study which concluded that contaminated soil was the result of

past spills. A report on these activities (Report on POL Remediation Activities at
Ellington Field Air National Guard Base, NUS Report Number R-34-10-9-002H) was
issued to the ANG and the Texas Water Commission (TWC) in November 1989.

In summary, on August 19, 1989, JP-4 was found to be seeping into Horsepen Bayou
through and over its south bank, adjacent to the railroad spur at the site. Fuel was
collected from the bayou with absorbent booms and disposed of in a Class 2 landfill.
Approximately 1700 cubic yards of fill and ballast were removed before interim
remedial activities were suspended. Although the vast majority of the contaminated
materials was removed, remedial efforts required to excavate all materials

contaminated above TWC guidelines were not completed. TWC requirements to
achieve clean closure are excavation and removal of all soils containing

concentrations of petroleum hydrocarbons greater than 100 ppm or the sum total of
benzene, toluene, ethylbenzene, and xylene (BTEX) greater than 30 ppm. Figure 1-4
depicts areas where laboratory results indicate the presence of petroleum
hydrocarbons in soils at concentrations greater than 100 ppm. Once the remedial
efforts were halted, the trench was backfilled and compacted and the railroad tracks

replaced.
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1.5 REGIONAL INVESTIGATION AREA

The following sections contain information on the regional environmental setting,

geology and hydrogeology.

1.5.1 Environmental Setting

Meteorology

Mean annual precipitation in the vicinity of Ellington (ANG) is approximately

46 inches, while mean annual lake evaporation is approximately 53 inches. The
1-year 24-hour rainfall intensity is approximately 2.75 inches. Normal daily minimum

temperature in January is 420 Fahrenheit (F); normal daily maximum temperature in

July and August is 92F (U.S. Dept. of Commerce, 1968).

Topography and Drainage

The topography of Ellington Field (ANG) is typical of the Gulf Coastal Plain, which is
characterized by gently gulfward sloping land. The Pleistocene Beaumont
Formation, which crops out at the facility, has an average erosional surface slope of
1.65 feet per mile from its landward extent to the shoreline. Surface elevations at
Ellington Field (ANG) range from 40 feet above mean sea level (MSL) in the
northwest corner to 25 feet above msl in the southeast corner (U.S.G.S., 1982).

The only major surface water body is Horsepen Bayou. This bayou flows eastward
approximately 10 miles, where it flows into Armand Bayou, Pasadena and Mud
Lakes, Clear Lake and, finally, Galveston Bay. Horsepen Bayou and its tributaries
receive some overland drainage and runoff from drainage ditches on the Ellington
Field (ANG) property. However, due to the relatively flat site topography, a great
deal of surface water pools on site and either evaporates or percolates slowly to the

ground water through semi-permeable surficial clays.
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1.5.2 Regional Geology and Hydrogeology

Geology

Ellington Field (ANG) is located within the West Gulf Coastal Plain physiographic
province. The formations underlying the site are comprised of consolidated and
unconsolidated sediments of the Miocene, Pliocene and Pleistocene ages. These
formations crop out in belts parallel to the coast and dip gently to the southeast.
Younger formations crop out nearer the Gulf, older formations further inland. Due

to the downdip thickening of the coastal sediments, the older formations dip more
steeply than the younger ones (Texas State Board of Water Engineers, 1950).

The sediments comprising these strata were derived largely from the weathering of
older Tertiary and Cretaceous formations, and were deposited in fluvial, deltaic,
lagoonal and shallow marine environments. Owing to the differing modes of

deposition, lithologies are diverse and complexly interbedded, and, therefore,
individual beds can rarely be traced over long distances. Layers and lenses of clay

grade laterally and vertically into sand zones; sands and gravels likewise grade into

clay zones. Characteristic geologic and geomorphic features of the Gulf Coastal
Plain include salt domes, down-to-the-gulf growth faults, scarps, pimple mounds

and undrained depressions.

Hydrogeology

The geologic formations from which potable water is available in the site area are

the Pleistocene formations, whose water-bearing units comprise the Chicot Aquifer,

and the Pliocene-aged Goliad Sand, whose sand beds comprise the Evangeline
Aquifer. The Chicot has a maximum thickness of 700 feet in the site vicinity; the

Evangeline a maximum thickness of 2000 feet. Both aquifer systems consist
predominantly of complexly interbedded sands and clays (Texas Water Development

Board, 1975).

No continuous confining layers overlie the Chicot, and where the Beaumont

Formation crops out, the aquifer extends to the ground surface, suggesting that the
aquifer is under water table conditions. Although electric logs do not show any

definite confining unit above the Evangeline, artesian conditions do exist within the
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aquifer. This, along with the difference in water level elevations between the

two aquifers, suggests that the hydraulic connection between them is minimal.
Recharge to the Chicot is via direct infiltration of precipitation from the ground

surface; recharge to the Evangeline is probably by slow percolation of ground water

through the overlying Pleistocene formations.

Available information indicates four municipal wells are located on City of Houston
or City of Pasadena property in the vicinity of Ellington Field (ANG). The location of

these wells is indicated on Figure 1-1. Well 1, located one block west of Cockran and
Brantly was removed 6 months ago by the City of Houston. Use of well 2 was

discontinued by the City of Houston on July 15, 1990. Wells 3 and 4 are owned by
the City of Pasadena and are used by the golf course located west of the Former Base
Landfill. These wells all produce water from the lower unit of the Chicot aquifer, a
massive sand section known as the Alto Loma Sand. Screened intervals in these wells
range from 390 to 570 feet below land surface (Texas Water Development Board,

1972).

1.5.3 Background

To characterize contamination at the site, it was first necessary to determine
background inorganic concentrations in soil and ground water. TCL organic
compounds are not naturally occurring, therefore background levels are considered
zero. Background inorganic concentrations in soil and ground water were derived
from reference literature (Shacklette and Boergen, 1984; Dragen 1988). For more
information on background levels and a comparison of background levels to
maximum site concentrations, see Section 4.2.2, Hazard Identification.

1
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2.0 FIELD PROGRAM

2.1 FIELD PROCEDURES

2.1.1 Geophysical Investigation

A geophysical survey was conducted at the Former Base Landfill to aid in the
characterization of shallow subsurface conditions before undertaking drilling and

sampling activities at the site. Magnetometry and electromagnetic conductivity
techniques were utilized during the survey. Instruments used were an EDA OMNI-IV
PLUS Magnetometer/Gradiometer and a Geonics Limited EM-31 DL Electromagnetic
Recording System. Readings were taken with both instruments at 25-foot intervals
along mutually perpendicular lines, and more frequently where subsurface
conditions caused anomalous readings.

2.1.2 Drilling

All drilling activities conducted as part of the Sl were performed using truck-
mounted drilling rigs. Borings were advanced by the hollow stem auger method.
Soil samples were continuously collected from each boring to determine lithology
beneath the site and for chemical laboratory analysis (where appropriate). A
portion of each recovered sample was placed in a zip-loc bag and the headspace
scanned for organic vapors using a photoionization detector (PID) and flame
ionization detector (FID). An explosimeter was utilized during drilling activities to
detect the presence of potentially flammable/explosive atmospheres.

Borings not completed as monitoring wells or piezometers were backfilled to
ground surface with a cement/bentonite grout. Drill cuttings from borings for
monitoring wells were drummed and stored on site pending results of laboratory
analyses of soil samples collected from the borings. Cuttings from borings for
piezometers were used as backfill material. Boring logs depicting site lithology are
included in Appendix A.

I
I
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2.1.3 Subsurface Soil Sampling

Subsurface soil samples were collected by pushing an oversized split-spoon sampler
in advance of the hollow stem augers. Brass liners were utilized for the collection of
volatile organic samples. Shelby tubes were used only for the collection of samples
on which no chemical analyses were to be performed. Once a sample was brought
to the surface, it was described then immediately placed in the appropriate sample
container (if selected for chemical analysis) and iced to 4 degrees Centigrade(°C). All
samples were delivered to the NUS Laboratory in Clear Lake City, Texas for chemical
analysis. Field data is presented on soil sample log sheets which are contained in
Appendix A. Soil profiles are shown in cross-sections contained in Section 3
(Figures 3-3, 3-4, 3-8, and 3-9).

2.1.4 Surface Soil Sampling

Composite surface soil samples were collected using stainless steel spoons and glass
mixing bowls. Subsamples were collected from the interval between 0 and 6 inches
below ground surface. Equal portions of subsamples were mixed thoroughly, then
placed in the appropriate sample containers.

2.1.5 Monitoring Well/Piezometer Installation

All monitoring wells and piezometers installed during the SI were screened in the
shallowest zone of saturated, permeable sediments beneath the facility. Borings
used for the installation of monitoring wells/piezometers were advanced to a depth
3 feet below the base of the selected screened interval to accommodate a sediment
trap and bottom cap. A silica sand filter pack was installed through the augers to
extend approximately 2 feet above the top of the screen. A 2-foot thick bentonite
seal was then placed above the sand pack. The remainder of the borehole was
backfilled with cement/bentonite grout for monitoring wells and with natural
backfill (drill cuttings) for piezometers. Most monitoring wells were surface
completed with stainless steel locking casings, concrete pads and steel guard posts.
Several wells, however, due to their locations, were flush-mounted and completed
with locking caps, christy boxes, manhole covers and concrete pads. Typical
piezometer construction is illustrated in Figure 2-1, while Figure 2-2 depicts typical
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monitoring well construction. As-built diagrams for all piezometers and monitoring
wells are contained in Appendix A.

Upon completion, monitoring wells were developed through a combination of
surging and bailing and air lifting sediment until water was essentially sediment
free. The volume of water developed from wells was recorded on well development
forms, which are contained in Appendix A. Development water was only drummed
when field evidence of contamination was detected. Several well volumes of water
were removed from each piezometer to ensure the accuracy of water level
measurements. Piezometers were not utilized for the collection of ground-water
samples. Once a preliminary determination of ground-water flow direction had
been made, piezometers were abandoned according to TWC regulations.

2.1.6 Ground-Water Sampling

Ground-water samples were collected from all monitoring wells installed as part of
the SI. Each monitoring well was purged (approximately three well volumes were
removed) prior to the collection of samples. Samples were collected using bottom-
loading stainless steel bailers and were transferred directly to the appropriate
sample container (with the exception of samples collected for metals analysis, which
were filtered prior to being containerized). Pertinent data were recorded on
monitoring well sample log sheets which are contained in Appendix A.

2.1.7 AquiferTesting

The aquifer testing program consisted of performing slug tests at all monitoring
wells installed as part of the SI. A pressure transducer, a Hermit datalogger and a
PVC slug of known volume were utilized for the tests. Data generated were used to
calculate approximate hydraulic conductivities of the water-bearing sediments
beneath the facility. Slug test calculations are presented in Appendix B.

2.1.8 Site Investigation Derived Waste Management

All cuttings generated by the drilling of soil borings were drummed and stored at
their respective drill sites pending chemical analysis of soil samples. At boring
locations where no significant soil contamination was detected through laboratory

I
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analysis, cuttings will be spread on the ground surface and raked level. Cuttings

from boring SB-13 at the POL Storage Area will be disposed of in a Class II landfill.

This is due to the presence of total petroleum hydrocarbons in one sample from the

boring at a concentration (132 ppm) above TWC guidelines.

Development water from one well was drummed based on field evidence of

contamination. However, no contamination was detected through laboratory

analysis of ground water from that well. The drummed water will therefore be

discharged onto the ground surface and allowed to evaporate or infiltrate into the

shallow soils.

2.2 FORMER BASE LANDFILL

2.2.1 Summary

The field investigation at the Former Base Landfill was conducted to characterize

shallow subsurface conditions and to determine whether soils and ground water had

been affected by waste disposal activities at the site. Activities included the

following:

" A geophysical survey utilizing magnetometry and electromagnetic

conductivity techniques.

" Installation of five ground-water monitoring wells.

* Collection of three surface soil samples, nine subsurface soil samples, and

five ground-water samples for fixed-base laboratory analysis.

* Measurement of water levels in all monitoring wells.

* Slug testing in all monitoring wells.
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2.2.2 Deviations From the Work Plan

Deviations from the Sampling and Analysis Plan (SAP) during the field investigation

of the landfill were as follows:

* To better define anomalous areas during the geophysical survey, readings

were sometimes taken at intervals less than 25 feet.

" The laboratory informed field personnel of hexane contamination in

rinseate blanks. An additional methanol rinse was added during

decontamination to help air dry sampling equipment (per HAZWRAP

Quality Control Requirements for Field Methods, HZ/RAP-102-2).

2.2.3 Geophysical Investigation

Before conducting the geophysical survey at the landfill, a grid system was surveyed

at the site with stations at 100-foot intervals on mutually perpendicular lines. The

grid was then filled in at 25-foot intervals using a measuring tape and pin flags.

Readings were taken at each station with both the magnetometer and

electromagnetic conductivity meter. As previously mentioned, more detailed

surveying was conducted in anomalous zones.

The magnetometer has its own data recording system, while readings taken with the

EM-31 were manually recorded in a logbook. The EM-31 displays a continuous

readout, while the magnetometer must be triggered to record data at a sample

point. A total of 1998 magnetic data points and 1537 electromagnetic conductivity

data points were collected during the survey. In anomalous areas where more

detailed surveying was performed, additional magnetic data points were always

recorded. The EM-31 was monitored for variability in the readings, and only those

readings where significant change was noted were recorded. This resulted in the

disparity in sample data points between the two methods.

2i

R.-0-O.-OO 1 6 2- 5

i



2.2.4 Soils Investigation

Five soil borings were drilled along the perimeter of the Former Base Landfill during

the SI (SB-01 through SB-05). All five were completed as monitoring wells (MW-01

through MW-05). Lithologic samples were continuously collected from the borings.

A total of nine subsurface soil samples were collected from the borings for chemical

laboratory analysis. One sample was collected at the top of the saturated zone from

each boring, while the remaining four were collected at various aepths based on

field evidence of contamination. Subsurface soil samples were analyzed for target

compound list (TCL) volatiles, TCL Base Neutrals/Acid Extractables (BNAs), TCL

pesticides, target analyte list (TAL) inorganics and p.troleum hydrocarbons.

Three composite surface soil samples (01-SS01-A, 01-SS02-A and 01-SS03-A) were

collected at the landfill during the SI. For the purpose of sampling, the landfill was

divided into thirds, with one composite sample being collected from each third.

Each sample was a composite of three subsamples collected from areas with surficial

evidence of subsurface fill (e.g., concrete rubble, uncovered domestic garbage, etc.).

Surface soil samples were analyzed for TCL BNAs, TCL pesticides, TAL inorganics and

petroleum hydrocarbons.

Sample locations at the Former Base Landfill are shown in Figure 2-3. Table 2-1

presents a summary of laboratory analysis of soil samples from the landfill.

2.2.5 Hvdrogeoloic Investigation

Water levels in the five wells installed at the site were measured and top of well

casing elevations were surveyed. The resulting water level elevations were used to

establish ground-water flow direction and hydraulic gradient across the site.

Ground-water samples were collected from all five wells for chemical laboratory

analysis to determine whether ground-water quality has been adversely affected by

wastes disposed of in the landfill. Ground-water samples were analyzed for TCL

volatiles, TCL BNAs, TCL pesticides, TAL inorganics and petroleum hydrocarbons.

Finally, slug tests were performed at the wells to estimate aquifer parameters of the

water-bearing sediments beneath the site.
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Table 2-2 presents a summary of laboratory analysis of ground-water samples from
the Former Base Landfill.

2.3 POL STORAGE AREA

2.3.1 Summary

The field investigation at the POL Storage Area was conducted to characterize
shallow subsurface conditions and to determine whether soils and ground water had
been affected as a result of fuel handling operations at the site. Activities included

the following:

" The installation of three piezometers, four soil borings and four
ground-water monitoring wells.

" Collection of 23 subsurface soil samples and four ground-water samples for
fixed-base laboratory analysis.

" Measurement of water levels in all piezometers and monitoring wells.

" Slug testing in all monitoring wells.

2.3.2 Deviation from the Work Plan

Deviations from the SAP during the field investigation of the POL Storage Area are
as follows:

0 Sediment traps were added below the screen in the three piezometers due
to the extremely silty nature of the shallow aquifer beneath the site.

0 Three of the four wells installed at the site were changed to flush-mounted

completions due to their locations.

* Again, a second methanol rinse was added during decontamination to help
air dry sampling equipment.
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S A field duplicate was inadvertently marked for BNA analysis resulting in one

too many BNA duplicate samples.

2.3.3 Soils Investigation

A total of eleven borings were drilled at the POL storage area as part of the SI. All
borings were continuously sampled for the collection of lithologic data. Borings
PZ-01 through PZ-03 were completed as piezometers. No soil samples for chemical
analysis were collected from these borings. Borings SB-11 through SB-14 were
drilled inside the diked area. Samples for chemical analysis were collected from
0-2 feet below the diked area, at the top of the saturated zone and at an
intermediate depth dependent on field evidence of contamination. Borings SB-07
through SB-10 were drilled for the installation of monitoring wells MW-07 through
MW-10. Again, samples were collected from 0-2 feet below grade and at the top of
the saturated zone, except in SB-10, which was drilled through fill material at the
north end of the railroad spur. In this boring, one sample was collected at 0-2 feet
below the filled material (8-10 feet below grade) and one at the top of ground
water. Intermediate samples from SB-07 through SB-09 were collected due to the
depth to ground water. A total of 23 subsurface soil samples were collected at the
POL Storage Area for chemical analysis. All samples were analyzed for TCL volatiles
and petroleum hydrocarbons. One sample from each of eight borings (SB-07
through SB-14) was analyzed for TCL BNAs based on field evidence of
contamination. In the absence of field evidence of contamination, the sample was
collected at the top of ground water.

Sample locations at the POL Storage Area are shown in Figure 2-4. Table 2-3
summarizes laboratory analysis of soil samples from the site.

2.3.4 Hydrogeologic Investigation

Water level measurements taken in the three piezometers were used to establish
ground-water elevations and preliminary flow direction at the POL Storage Area.
No ground-water samples were collected from piezometers. All piezometers were
abandoned subsequent to determining preliminary flow direction. Water level data
were also obtained from the four wells installed at the site. Ground-water sampling
was conducted at all four wells to determine whether ground-water quality has
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been affected by fuel management operations at the site. Samples were analyzed

for TCL volatiles, TCL BNAs and petroleum hydrocarbons. Slug tests were performed
at the wells to determine hydraulic properties of the shallow aquifer beneath the

site.

Table 2-4 summarizes laboratory analysis of ground-water samples from the POL

Storage Area.

2

!
R-48-05-0-0 16H 2-9

I



M02

WI-

=~ .0 m Er

'U

.0 Efo'

0z.E ! a)
L EU

Ei 00

0. E

LU 2 LCL

o0 w - -0

4.. 0

00 CL- -N N f

0'

- E

wI >, 0

z~ c

0..0 (L CL m ,'
Z V,

* 0. C
uU N .2-

EEm

m C
.. >M 0m cmU'U E

m___ <. -- ;:

0 0 ( .0z GP Z

U-<0
> . a- 0. . EU ,

R-48-0.-0-016H 2-1



CI

10=-

LA 1 C
z C

I.-iI

I IE

00

cc -dW I

0 Z 0

Z, - 2-

-J -o<
z --- - - -L"- 

. 4 .

R-.00OO6 2-111 M n Ln LE 2



V-

.S

WI - - .-

z.~0
4A C

usL
I* -to

0.%

0 EE.

0 $A.

r4 z - - U

* 3 a

0.0

I. A m U
$A E e

0 Z

C OCL

:5 - E

C, 0.3
L~ ~ ~ M.0 "

E0 EE0

44U

a m
CL k

0

o z - " -0

* CL. 0 0

I- ~ % m- 0.E.O

R-48-05-O-016H 2-12A



w-
0- U

.0 u

E

L U

lE o EU

z.z

U. L9

f4 ;IAI

E

.0 CL~ ~
EN E

0 IA E

I.-0

E 
-.EE

Cu

%ACI

4 CL

U-

'A M
0 0.

%A C
4 -

o 00
.0 mAO.u

E1 s 0 8 W

GEE

0 Z Go -jC
>Ol

R-48-05-0-016H 
2-13



TOP OF CASING

FLUH-HREDE. PCRASIN

20/40URADE SAKILCASNL ITRPC

FLUSH-THREADED PVC SING

1.25 1.0.NT PVLLE SEIENLTA

1N2=T TOD SCCDULE0

FGR 2-714BRHL

TYPICAL PIEZOMETER
CONSTRUCTION DIAGRAM

ELLINGTON FIELD (ANG) HOUSTON, TEXAS CtJl RA'0
DATE: JUNE 907NUS DWG. NO. 363M-4A01 REV.I

2-14



STAINLESS STEEL PROTECTIVE CASING
WITH LOCKING CAP

TOP OF WELL CASING

GUARD POST

PAD GROUND SURFACE

2' 0. SCHEDULE 40, FLUSH-THREADED,

TYPE 11 CEMENTIBENTONITE GROUT

BENTONITE. PELLET SEAL

20/40 GRADE SILICA SAND FILTER PACK

- 2* 0 SCHEDULE 40, MACHINE SLOTTED
7 ... ... # 10. FLUSH-THREADED, PVC SCREEN

2.5 FOOT.PVC SILT TRAP
AND BOTTOM CAP

NOT TO SCALE

9 TYPICAL WILL CONSTRUCTION DIAGRAM N UBj
R EUNST= FIELD (ANG)k HOUSTON, TEXAS~ =NL

I~o ~ R E2 2-15



I

ELLINGTON FIELD (ANG) FACILITY BOUNDARY

SB/MW-01

ASPHALT PAVING

01 -SSO2-A

m SB/MlW-04

01-SSOI-AI

1413

S1412

K I
K~SB/MW-03

LEGEND

* SURFACE SOIL
SAMPLE LOCATIONS

SOIL ORING/ONITORING
WELL LOCATIONS

POSSULE UST H

LOCATIONS NDTE

-_ - - - - wo



FENCE CORNER (O'S. & O'W)

-,€x-x-x-xx-x-x__.... .!- C.O.E. MONUMENT NO. 324
NORTH COOR. - 670.555.7

S -EAST COOR. - 3.216.419.3

S SB/Mw-OS

x

/
/

01-SS03-A S•SB/MW-O2

TEXAS PLANE COORDINATE
SOUTH CENTRAL ZONE

POINT ELEVATIONS ELEVATIONS
NUMBER NORTH COORD EAST COORD TOP OF CASING TOP OF NATURAL

GROUND
N

SB/MW-O1 670.512.87 3.215.820.54 37.68 35.90

x SB/MW-02 670.130.43 3.216.435.09 36.87 34.78

SB/MW-03 669.649.88 3.215.892.93 37.80 36.15

SB/MW-04 670.063.70 3.215.209.60 39.35 36.98

SB/MW-05 670.505.72 3.216.411.88 36.64 34.71

CITY OF HOUSTON MONUMENT NO. 5851-1616
NORTH COOR. - 669.623.37
EAST COOR. - 3.216.945.05

DRAWN BY J. ATKINSIJE FIGURE 2-3
DATE: 5-31"90 SAWLE LOCATION MAP N t J
HYDROMOLCST D. UPTHESOVE FOI0ER BASE LANDFILL Ll'
DATE, 5-31-90 ELLINGTON FIELD (MEG) HOUSTON9 TEXAS

CD O MNO. 363M2801.00N iCgW t, - is s wa No. 3631200IO R 10. 2 * A Hailiburton CompanyI.0 -1v. 2 L2-16



NAIO

£5900 I ~SS1 T ....j= ...........I

658800\,

xi

x

658600~~~~~~~DRW 18________________Y____

113 4 ,,uauumu~uauinam~a...uuusuumgsI~~W~MO.M



o 0

MJ-o STATION LEGEND MAP SHOWING
MW-MONITOR WELL LOCATIONS AND ELEVATIONS OF
M M O W MONITORING WELLS. PIEZOMETERS.

AND SOIL BORINGS AT THE POL
iP - PIEZOMETER STORAGE AREA ELLINGTON FIELD (ANG)

HOUSTON. TEXAS
0S -SOIL BORING

POINT TEXAS PLANE COORDINATE ELEVATIONS TOP OF CONCRETE/NATURAL
-
.  

., NUIER SOUTH CENTRAL ZONE TOP OF CASINGS GROUND ELEVATION

NORTH COMRO. EAST COMRO.

0 SB/MW-O7 658,931.22 3.217.921.70 23.16 23.23 (NG)
s43

\S ,,..og x So/MW-08 658,757.71 3.218.072.43 23.31 23.55 (NG)

So "8/MW-09 658.895.i 3.218.182.34 25.27 25.65 (CONC)

S8/NW-1O 659,073.15 3,218.110.76 27.59 25.82 (CONC)

" PZ-01 659.060.17 3,218.081.47 28.73 26.65 (NG)X

I PZ-02 658.753.85 3.218.241.40 26.78 24.85 (NO)

PZ-03 (A) (A) 25.10 23.45 (NG)

S5-11 659.004.16 3.218.085.49 23.71 (CONC)

X SO-12 658,951.06 3.218.087.97 23.89 (CONC)

a8-13 658,894.38 3.218.091.83 24.00 ICONC)
x

SB-14 658.984.11 3.217.944.55 23.73 ICONC)

\ (A) NOT SURVEYED. APPROXIMATE LOCATION SHOWN.

ELEVATIONS SHOWN HEREON ARE
BASED ON N.G.S. MONUMENT

M-1276 (1987 ADJ)
x

DRRIN BY J. ATKINSON FIGCURE 2-4
DATE, 6-1-90 SAIPLE LOCATION MAP "N U S
NY- EOWW 0. UPTh V PO STORAGE AREA CD]PO
DATEI 6-1-90 ELLINOTON FIELD ANMC HUrfTON. TEXAS __A Hton omly



3.0 SIGNIFICANCE OF RESULTS

3.1 FORMER BASE LANDFILL

The following sections summarize the results of field investigations and laboratory

analysis at the Former Base Landfill.

3.1.1 Geophysical Survey

The geophysical survey was most effective in determining locations of buried ferrous

materials at the landfill. During the interpretation of geophysical data, it was

observed that, more often than not, zones exhibiting anomalously high magnetic

field values exhibited high electromagnetic conductivity values as well. These are

typical responses for both instruments in disturbed zones where ferrous objects are

at or near the surface.

The Geophysical Survey Report (Appendix C) identified 36 detailed anomalous

zones. Although in some cases these zones are isolated from what appear to be

major fill areas, they are, for the most part, considered to be part of a depositional

trend of ferromagnetic materials across the landfill. The grid system utilized to

conduct the geophysical survey and locations of the detailed anomalous zones are

shown in Figure 3-1.

In areas relatively free of disturbed zones, an attempt was made to correlate

electromagnetic conductivity values with soil types at the landfill. The only relatively

undisturbed areas at the landfill are found in the southeast quadrant of the site, in

the eastern half of the southwest quadrant, in the southern portion of the northeast
quadrant and along portions of the fenceline. In general, the survey indicated that

the landfill area consists of saturated sands and sandy clays to the north grading

south into predominantly clays.I
The location of the underground storage tank at the former incinerator site in the

southwest quadrant of the landfill was not positively identified. However, magnetic
field signatures centered at Line 1135, Position 585 and Line 1075, Position 600

suggest these to be the most likely UST Locations (see Figure 3-1).
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3.1.2 Soils Investigation

The five borings installed at the Former Base Landfill ranged in depth from 24 feet
(SB-03 and SB-04)) to 30 feet (SB-01 and SB-05). Three distinct stratigraphic zones
were identified during the investigation. Descriptions of the three zones, in
descending order, are as follows:

* Zone 1

Zone 1 is a brown and green-gray clay which changes to rust and light gray
in color with depth. The clay contains varying amounts of silt and some very
fine grained sand. The amount of silt and sand present in Zone 1 tends to
increase with depth, with the bottom several feet becoming very silty and
moist, apparently grading into the clayey silt and silty sand of Zone 2. The
clay is soft to hard, plastic, and contains calcareous zones with gravel up to
1 inch in diameter. Iron staining and small iron nodules are common
throughout, and abundant roots and organic material are present in the
top two feet. Zone 1 ranges in thickness from 6 feet in SB-04 to 12.5 feet in
SB-02.

" Zone 2

Zone 2 is a layer of dense, brown and tan clayey silt and silty sand. It is the
first zone of saturated sediments with sufficient permeability to allow
observable ground water to enter a borehole during drilling. Zone 2
contains some interbedded silty clay and small amounts of semi-
consolidated sand/siltstone. This relatively thick sand/silt body is typically
fining-upward and probably represents point bar deposition in an ancestral
stream bed. The thickness of Zone 2 in the vicinity of the landfill ranges
from 2.5 feet in SB-02 to greater than 20 feet in SB-05.

* Zone 3

Zone 3 is a gray-green and rust clay. The clay is very stiff to hard and
contains minor amounts of sand and silt. SB-01, SB-02 and SB-03 were
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terminated in Zone 3, while SB-04 and SB-05 were terminated in Zone 2.
The thickness of Zone 3 was not determined, as none of the borings drilled
at the landfill fully penetrated the clay bed.

Two cross-sections were constructed using logs of soil borings advanced at the
landfill. Figure 3-2 depicts the location of these profiles, which are shown in
Figures 3-3 and 3-4.

3.1.3 Hydrogeologic Investigation

A network of five ground-water monitoring wells was installed at the landfill as part
of the SI. Pertinent monitoring well data is presented in Table 3-1. Initially,
four monitoring wells, MW-01 through MW-04, were installed at the approximate
midpoints of the north, east, south and west sides of the landfill, respectively. Water
levels in these wells were measured and, using surveyed elevations of tops of casings,
converted to elevations with respect to mean sea level. This allowed for the
construction of a ground-water elevation contour map (Figure 3-5), which gives a
preliminary indication of ground-water flow direction in the shallow sediments
beneath the site.

Figure 3-5 depicts ground-water flow on December 19-20, 1989 as being to the
north-northeast in the southwestern portion of the landfill and changing to an
east-northeast direction in the northeastern portion of the site. In order to fulfill
TWC minimum requirements (one upgradient and three downgradient wells), it was
decided to install a fifth well, MW-05, in the northeastern corner of the landfill.
Figure 3-6 is a ground-water elevation contour map constructed using elevations
derived from measurements taken in all five wells on January 25-26, 1990. This map

shows the anticipated direction of ground-water flow (east-northeast) in the
northeastern corner of the landfill to be accurate.

The hydraulic gradients estimated from ground-water contours across the site are

much larger than average for shallow Gulf Coast sediments. Hydraulic gradients in
the Upper Chicot aquifer normally range from 2 to 20 feet/mile. The hydraulic
gradient along line A-A' on Figure 3-5 is 0.011 feet/feet (60 feet/mile); along line B-B'
the gradient is 0.008 feet/feet (42 feet/mile). On Figure 3-6 the hydraulic gradient
along A-A' is 0.015 feet/feet (80 feet/mile); along B-B' the gradient is 0.0084 feet/feet
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(44 feet/mile). As would be expected, the expansive commercial sand pit just east of
the landfill apparently has a profound effect on shallow ground-water flow at the
Former Base Landfill. At the time of field activities, excavation of sand was occurring
in an area 200-300 feet northeast of MW-05, to a depth of approximately 30 feet.
The sand excavations indicated that no water was being pumped from the
excavation pit.

Slug tests were performed at each of the five wells installed at the landfill to
estimate hydraulic conductivities of the Zone 2 sediments. Hydraulic conductivities
were calculated using the Bouwer and Rice method for partially or completely
penetrating wells in unconfined aquifers. Several general and site-specific
assumptions were made in the evaluation of slug test data. These assumptions are as
follows:

General Assumptions:

" The aquifer is homogeneous and isotropic
" Head losses as water enters the well are negligible
* Flow above the water table is typically ignored, as it does not significantly

affect slug test data evaluation
* Drawdown of the water table is negligible (Bouwer and Rice, 1976)

Site-Specific Assumptions:

* The effective length is the length of the screen (10 feet) in the wells unless
there was open screen above the water level. In those instances, the
effective length is the portion of the screened interval below static water
level.

* Soils above and below Zone 2 contribute negligibly to equalization of the
head in the well during the test.

* Time and "head" translational data, rather than theoretical estimates of
head change with time, were utilized in performing slug test calculations to
avoid instrument "noise" at the beginning of each test (i.e., the first
consistent time/head values were used as H(O) (Pandit, et.al., 1986).
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0 If there was any question as to which straight line on a graph was more
indicative of flow from the undisturbed aquifer, the steeper line was used in
calculations as it yields a higher (more conservative) hydraulic conductivity.

Table 3-2 presents calculated hydraulic conductivity and transmissivity values. Values
from rising head tests range from 4.15 x 10-3 cm/sec to 2.67 x 10-4 cm/sec. Generally
wells in areas where the aquifer was comprised of a relatively thick, clean, sand body
exhibited higher hydraulic conductivity values. Rising head tests are assumed to be
more accurate than failing head tests for the following reasons. Rising head tests
are not influenced by gravity, and, falling head tests involve wetting soils which may
have previously been dry. Values from falling head tests were used for comparative
purposes and were observed to be equal or similar to rising head values.
Transmissivity values were estimated based on the thickness of the saturated
permeable sediments. Values range from 774.59 gallons/day/foot to
14.21 gallons/day/foot due to the variability in hydraulic conductivity values and
aquifer thickness. Hydraulic conductivity and transmissivity values appear to be high
for clayey silt and silty sand; however, slug tests do not typically provide data as
accurate as that from pump tests or laboratory tests.

Using the equation for Darcian seepage velocity, estimates of horizontal
ground-water flow velocities were calculated for variable hydraulic conductivities
and effective porosity estimates. Table 3-3 presents seepage velocity estimates for
Zone 2 at the landfill. Estimates range from 377.41 feet/year to 16.64 feet/year. The
high end of the range was calculated using the highest hydraulic conductivity and
steepest gradient, while the low end was calculated using the lowest hydraulic
conductivity and gentlest gradient.

3.1.4 Background Samples

The objective of the SI was to determine whether soils or ground water have been
affected by past waste management practices and did not provide for collection of
background samples. Naturally occurring levels of inorganics identified in published
literature, as referenced in Section 4.2.2 of this report, were used as actual
background data. Upgradient ground-water and soil samples were collected from
areas not believed to have been affected by past waste management practices.

Therefore, sample 01-MW03-A may be designated the background ground-water
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sample at the Former Base Landfill because it is hydraulically upgradient of the other
four wells at the site. The sample contained no TCL volatiles, BNAs, pesticides, or
petroleum hydrocarbons. TAL inorganics were present in concentrations
comparable to those found in other ground-water samples collected from the site.

Similarly, sample 01-SB03A-A may be designated the background soil sample at the
landfill. It was collected from a seemingly undisturbed area and contained no TCL
volatiles, BNAs, pesticides, or petroleum hydrocarbons. TAL inorganics were
detected in concentrations comparable to those found in other soil samples
collected from the site.

3.1.5 Contaminant Occurrence and Distribution

This section summarizes information on the nature and extent of contamination at
the Former Base Landfill. More complete information on laboratory analysis is
contained in Appendix D, the Analytical Data Base. Additional laboratory data
supporting data validation is contained in Appendix D, Data Validation Reports.

Surface Soil

Three composite surface soil samples were collected at the Former Base Landfill as
part of the SI. The samples were sent to a fixed-base laboratory and analyzed for TCL
BNAs, TCL pesticides, TAL inorganics and petroleum hydrocarbons. Quantitative
results are summarized in Table 3-4. A number of Polynuclear Aromatic
Hydrocarbons (PAHs) were detected in the landfill surface soil samples at relatively
low concentrations. Surface soils also contained butylbenzylphthalate,
dibenzofuran and DDT and its metabolites. The concentrations of inorganics in
surface soil samples does not appear indicative of a widespread problem. Arsenic,
lead, mercury, and zinc were, however, detected at average concentrations higher
than the literature background values.

Subsurface Soil

Five soil borings were advanced at the Former Base Landfill. A sample was collected
at the top of ground water from each boring. An additional sample was collected
from four of the borings based on field evidence of contamination. The samples
were sent to a fixed-base laboratory and analyzed for TCL volatiles, TCL BNAs, TCL
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pesticides, TAL inorganics and petroleum hydrocarbons. Table 3-5 presents a
summary of quantitative results.

Heptachlor was detected in two subsurface soil samples and phenol in one sample at
the landfill. No other organic compounds were detected in subsurface soils.
Mercury was the only inorganic constituent detected at concentrations higher than
reported background levels.

Ground Water

All five soil borings were converted to ground-water monitor wells. Ground-water
samples were collected from each of the five monitoring wells installed at the
Former Base Landfill. The samples were sent to a fixed-base laboratory and analyzed
for TCL volatiles, TCL BNAs, TCL pesticides, TAL inorganics, and petroleum
hydrocarbons. A summary of quantitative results is presented in Table 3-6.

No volatile org nics were detected in ground water at the landfill. Two pesticides,
alpha-BHC and methoxychlor, were detected at very low concentrations in samples
collected from MW-01 and MW-05, respectively. Petroleum hydrocarbons were also
detected in MW-05 at extremely low levels.

Aluminum was the only inorganic constituent detected at a concentration

significantly higher than literature background (in the sample from MW-04).
Barium, calcium, chromium, and vanadium were detected in one or more wells at
concentrations slightly above reported background levels.

Quality Assurance / Quality Control (QA / QC)

Table 3-7 shows QA/QC sample concentrations for the Former Base Landfill. The
presence of blank contamination lends a degree bias to the data, that is, is the
compound there because it is in the sample or is it there because of blank
contamination? To compensate for this bias, the detection limits of the affected
compounds are elevated to negate the influence of blank contamination. First, the
maximum concentration of the compound occurring in the blank is determined.
Using that value, an action-level of five or ten times the blank concentration is set.
Five times is used for uncommon contaminants, and ten times is used for methylene
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chloride, acetone, toluene, and methylethylketone. All positive values below the

action level are qualified with a "B" (Blank contamination), and the data are not

used in defining the nature and extent of contamination or in the risk assessment.

Matrix spikes (MS) and matrix spike duplicates (MSD) are checked to ensure they are

within a specific range. All sample results for which the MS/MSD data are not within

the specified range are considered as non-detected data.This data is flagged during

data validation.

3.1.6 Data Gaps

The only significant gap in data from the investigation of the Former Base Landfill is

the lack of information on the sub-regional ground-water system and ground-water

quality and usage in the area. Although a broad discussion of the regional ground-

water system (regional aquifers, etc.) is presented in Section 1.5.2, it is difficult to

determine how the results of a small scale investigation like the one conducted at

the landfill fit into the overall "big picture". More information on ground-water

quality and usage in the vicinity of the landfill would be helpful in performing the

risk assessment presented in Section 4 of this report.

3.1.7 Conclusions

The following conclusion can be drawn from the Site Investigation at the Former

Base Landfill:

" The results of the geophysical survey correlate well with historical aerial

photographs which indicate that the majority of disposal activities occurred

in the southwest, north central and northeast portions of the landfill.

" The water-bearing sediments of Zone 2 thicken substantially from the south

end of the site northward. This was anticipated because the Geophysical

Survey Report identified the shallow soils in the northern portion of the

landfill as being predominantly sandy grading into clays at the southern

end of the site.

* Ground-water flow direction is to the east-northeast, probably at a higher

gradient than normal due to the sand pit east of the landfill. The water
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level in MW-03 is observed at depths which correlate with the clays of
Zone 1, while unsaturated portions of Zone 2 are present above the water

level in the remaining wells.

0 No volatile organic compounds were detected in soil or ground-water

samples collected at the landfill. Although low concentrations of pesticides
were detected in soil and ground-water samples, and several BNAs and
metals were present in surface soil samples, there does not appear to be a
concern at the landfill.

3.2 POL STORAGE AREA

3.2.1 Soils Investigation

The borings drilled at the POL Storage Area ranged in depth from 20 feet (SB-14) to

33.5 feet (SB-10). The same three zones which are present beneath the landfill were

encountered during drilling activities at the POL site. However, due to variations in

the soil profile, the clays of Zone 1 were further divided into two subzones

(designated as Zone 1A and Zone 11B). Descriptions of the units are as follows:

0 Zone 1A

Zone 1A consists of soft to stiff, dark brown, black and gray-green clays.

Some fill material and abundant roots are present in the top 2-3 feet. Iron

staining and nodules are common, as are calcareous zones. Minor amounts

of silt and sand are contained within Zone 1A, especially in its lower

portions. In several of the borings drilled through the diked area (SB-i 1

through SB-13), strong hydrocarbon odors and some staining were present

in the top 6-8 feet. Zone 1A ranged in thickness from i? feet in SB-12 and

the boring for PZ-02 to 6 feet in SB-08.

0 Zone 1B

Zone 1B is a medium stiff to very stiff gray and rust silty clay. Iron staining

and nodules are common throughout, as is abundant calcareous material.

Silt content increases with depth, with the color of the clay changing to
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brown with increasing silt content. No hydrocarbon odor was present
within this zone in any of the borings. The thickness of Zone 1B ranged
from 12 feet in the boring for PZ-01 to 5 feet in SB-07.

0 Zone 2

Zone 2 is a layer of dense, brown clayey silt and silty sand. As at the landfill,
this is the first zone of sediments beneath the si-e transmissive enough to
allow ground water to enter a borehole during drilling. The sand is very
fine to fine grained, with iron staining common throughout. Some semi-
consolidated sandstone and siltstone are present within the silt/sand layer,
as are some silty clay seams. Only SB-08, SB-09 and SB-10 fully penetrated
Zone 2; the remainder of the borings were terminated within the zone.
Zone 2 ranges from 9.5 feet in SB-07 to greater than 14 feet in SB-09.

* Zone 3

Zone 3 is a brown sandy and silty clay. The clay is very stiff to hard, and
contains some sandy seams. None of the borings drilled at the site fully
penetrated Zone 3. However, an engineering study conducted for the city
of Houston in March 1988 indicates that in borings in the vicinity of the POL
Storage Area, Zone 3 is between 15 and 25 feet in thickness. This clay is, in
turn, underlain by another water-bearing silty sand zone.

Two cross sections were constructed using logs of borings advanced at the POL
Storage Area. Figure 3-7 depicts the locations of these cross-sections, which are
shown in Figures 3-8 and 3-9.

3.2.2 Hydrogeologic Investigation

Three piezometers and four ground-water monitoring wells were installed at the
POL Storage Area as part of the SI. Pertinent piezometer and monitoring well data
are presented in Table 3-8. Initially, three piezometers, PZ-01 through PZ-03, were
installed at the site. Ground-water elevations derived from January 12, 1990 water
level measurements and surveyed top of casing elevations allowed for the

I
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construction of a ground-water contour map (Figure 3-10). This map depicts

ground-water flow direction as being to the east-northeast. The cross sections

presented in Figures 3-8 and 3-9 for the POL Storage Area show the water table for

all monitor wells above the sand layer. This could be indicative of artesian

conditions or it could mean that the clays above the aquifer are saturated but do not

readily yield ground water to a borehole during drilling.

HAZWRAP was notified of the flow direction, and it was decided that monitoring

wells would be installed at the locations proposed in the SAP. Four wells, MW-07

through MW-10, were installed at the POL Storage Area. A ground-water contour

map was constructed using measurements taken in the four wells on January 19,

1990. This map (Figure 3-11) confirmed that ground-water flow direction was

generally in an easterly direction. The hydraulic gradient calculated using the

contours from Figure 3-10 is 0.014 feet/feet (73.92 feet/mile); the gradient using

contours from Figure 3-11 is 0.015 feet/feet (79.2 feet/mile). As at the landfill, these

gradients were significantly higher than normal (20 feet/mile) for shallow Gulf Coast

sediments. This is likely due to the location of MW-07 within a probable recharge

area.

Slug tests were performed at all four wells at the site. The assumptions made in

evaluating the slug test data were identical to those used in evaluating data from

the landfill wells (see pages 3-4 and 3-5). Estimated hydraulic conductivity and

transmissivity values are presented in Table 3-9. Values from rising head tests range

from 1.46 x 10-3 cm/sec to 9.29 x 10-4 cm/sec. Again, falling head tests were used for

comparative purposes and were equal or similar to those for rising head tests.

Transmissivity estimates ranged from 402.57 gallons/day/foot to

226.79 gallons/day/foot.

Estimates of hcrizontal ground-water flow velocities were calculated for variable

hydraulic conductivities and effective porosities and are shown in Table 3-10.

Estimates range from a maximum of 452.6 feet/year to 57.6 feet/year.I
3.2.3 Background Samples

Upgradient background ground-water and soil samples were collected from areas

I 4 not believed to have been affected by past waste management practices. Samples
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02-MWO7-A and 02-SBO7C-A are designated background ground-water and soil
samples, respectively, at the POL Storage Area. The well is hydraulically upgradient
of the other wells at the site, and neither of the two samples contained any TCL

volatiles, BNAs or petroleum hydrocarbons.

3.2.4 Contaminant Occurrence and Distribution

This section summarizes information on the nature and extent of contamination at

the POL Storage Area.

Subsurface Soil

Subsurface soil samples for laboratory analysis were collected from eight borings

advanced in the OL Storage Area. A total of 23 samples were sent to a fixed-base

laboratory. All samples were analyzed for TCL volatiles and petroleum
hydrocarbons. One sample from each boring was analyzed for TCL BNAs based on
field evidence of contamination. In the absence of field evidence, the sample

collected at the top of ground water was analyzed for BNAs. Table 3-11 presents a

summary of the quantitative results.

Several volatile organic compounds were detected in subsurface soil samples.
Ethylbenzene was detected in four samples from two different borings in

concentrations ranging from 3 to 13,000 jig/kg. Several volatile compounds were

detected in one deep (top of ground water) sample, 02-SB 1 3C-A. The concentrations

of these compounds in ground water, however, were extremely low.

Two BNAs, naphthalene and 2-methylnaphthalene, were detected in samples from
both SB-10 and SB-13, as were petroleum hydrocarbons.

Ground Water

Ground-water samples were collected from the four wells installed at the POL

Storage Area as part of the SI. Samples were sent to a fixed-base laboratory and
analyzed for TCL volatiles, TCL BNAs and petroleum hydrocarbons. Table 3-12

presents a summary of the quantitative results. Some samples were reported to have

no quantitative results, and therefore, are not indicated in Table 3-12.

R.48.o5-0-016H 3-12



Volatile organics were detected only in the ground-water sample from MW-10.
Ethylbenzene, total xylenes, styrene, and chlorobenzene were all detected in
extremely low levels in that sample. No BNAs or petroleum hydrocarbons were
detected in ground water at the site.

QA/QC

Table 3-13 shows QA/QC sample concentrations for the POL Storage Area. These
concentrations were used in conjunction with environmental sample concentrations
in the manner described in Section 3.1.4, QA/QC, for the Former Base Landfill.

3.2.5 Data Gaps

The most significant gap in data at the POL Storage Area is that the soil and ground-
water contamination in the immediate vicinity of the former remediation trench
may not have been adequately characterized. Also, there is a lack of ground-water
quality and usage information for the uppermost permeable sediments encountered
at Ellington Field (ANG). The underlying (>350 ft below grade) Chicot and
Evangeline aquifers are a major source of potable water for the Houston metroplex.
Extensive literature references exist for these specific aquifers and the larger Coastal
Lowlands aquifer system of which they are a part. At the present time the State of
Texas considers all aquifers to be possible sources of potable water. A classification
of the States aquifers is currently underway. There are no downgradient wells
within one mile of the site. There are four municipal wells located on City of
Houston and City of Pasadena property in the vicinity of Ellington Field (ANG). These
wells were discussed in Section 1.5.2 of this report.

A survey of wells in the vicinity of Ellington Field (ANG) was not conducted as part of
the SI activities. This will be done during the follow on remedial investigation tasks
planned. The well survey will determine:

0 If there are any wells within a 2-mile radius of Ellington Field (ANG)
0 The depth of each well, if any
0 Which wells are currently in use as water supply wells, if any

P.48-o5-o-o1 6H 3-13



3.2.6 Conclusions

The following conclusions can be drawn from the investigations and interim
remedial action at the POL Storage Area.

" Although the thickness of the soil zones varies from boring to boring, the

soil profile is relatively uniform across the site. Shallow soils beneath the
diked area exhibited some field evidence of fuel contamination.

* The direction of ground-water flow is generally east across the site. The

substantially higher water level in MW-07 is probably due to the well's
location in the drainage ditch.

" Water levels in all wells are observed at depths which correlate with the silty
clays of Zone 1B, indicating that these sediments are probably saturated,
but do not readily transmit water to a borehole during drilling, or, the
aquifer is semi-confined.

" Several volatile organic compounds and petroleum hydrocarbons were
detected in subsurface soil samples from borings within the diked area.
Petroleum hydrocarbons were detected in a soil sample from 0-2 feet below
the concrete in SB-13 at a concentration of 132 ppm, above the TWC
criterion for clean closure (100 ppm). Several samples collected from the
walls and flow of the remediation trench contained petroleum
hydrocarbons at levels significantly above 100 ppm. The extent of soil
contamination east of the remediation trench has not been determined.
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TABLE 3-3

ESTIMATES OF DARCIAN SEEPAGE VELOCITY
FORMER BASE LANDFILL

Hydraulic Darcian Seepage Darcian Seepage
Hydraulic Effective Conductivity Velocity Velocity
Gradient Porosity(a) (ft/day)(b) (ft/day) (ft/year)(f/ ft) - . -- - _ _ _

Low High Low High Low High Low High

.015 0.05 0.25 0.76 -- 0.046 0.066 16.64 24.4

.015 0.05 0.25 -- 11.75 0.705 1.03 257.36 377.41

(a) Effective porosity estimates based on estimates of specific yield for similar
soil types from Fetter, 1979, Applied Hydrogeoloqy.

(b) Hydraulic conductivity estimates based on range of hydraulic conductivities
for rising head tests presented in Table 3-2.
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TABLE 3-4

SURFACE SOIL CONCENTRATIONS(a)(b)
FORMER BASE LANDFILL

Sample Number 01-SS01-A 01-SS02-A 01-SS03-A 01-FD05-A
Sample Depth 0"#- 6"6 0'- 6" 0"1- 6" Duplicate of
Sample Date 1/17/90 1/17/90 1/1 7/90 01-SS03-A

Base/Neutrals (jig/kg) __________________

Butylbenzylphthalate 420 J

Acenaphthene 250 J 560 J

Anthracene 520 J 1,100 J

Benzo (A) Anthracene 800 1,500 J 3,200 J

Benzo (B3) Fluoranthene 880 1,300 2,300

Benzo (K) Fluoranthene 930 1,100 i 2,600 J

Benzo (A) Pyrene ______ 1,000 1,300 J 2,700 J

Chrysene 860 1,500 3,000

Flou ranthene 1,500 3,300 5,400

Flourene 270 J 560 J

Indene (1,2,3-CD) Pyrene 1,700 J

Na ptha len e 190 1

Phenanthrene 510 J 2,300 4,200

Pyrene 1,200 2,500 4,600

Dibenzofuran 240 J

Pesticides (jig/kg)______ ___ _________

4,4'-DDT 10 1

4,4'-DDD 11 1

4,4'-DDE 12 J

(a) No entry indicates parameter not detected above Contract Required
Quantitation Limit

(b) J - lab qualifier indicating estimated value.
[I-data validation qualifier indicating estimated value.
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TABLE 3-4 (CONTINUED)
SURFACE SOIL CONCENTRATIONS(a)(b)
FORMER BASE LANDFILL
PAGE TWO OF TWO

Sample Number 01-SS01-A 01-SS02-A 01-SS03-A 01-FD05-A
Sample Depth 0"- 6" 0"- 6" 0"- 6" Duplicate of
Sample Date 1/17/90 1/17/90 1/17/90 01-SS03-A

Inorganics (mg/kg)

Aluminum 7,250 J 6,010 J 13,500 J 8,500 J

Arsenic 4.4 3.5 J 2.9 J 62.0 J

Barium 302 J 141 J 115 J 125 J

Calcium 29,600 39,900 6,460 J 13,300 J

Chromium 13.4 16.0 12.2 10.4

Iron 7,410 6,700 J 10,600 7,330

Lead 125 141 18.9 26.1

Magnesium 2,720 1,480 2,000 1,860

Manganese 152 111 J 91.8 116

Mercury [0.10] [0.191 (0.061 [0.081

Potassium [678] [492] [934] [566]

Sodium [233] [253] [1251 [109]

Zinc 150 180 J

(a) No entry indicates parameter not detected above Contract Required
Quantitation Limit

(b) J -lab qualifier indicating estimated value.
[]- data validation qualifier indicating estimated value.

3
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TABLE 3-7

BLANK SAMPL.E CONCENTRATIONS (alb)
FORMER EASE LANDFILL

HPLC Water Municipal Water

01-FBII1-A
Sample Number 01-FBOI-A 01-FB03-A 01-FBIO-A 01-FBO2.A 01-FB04-A 1/24/90
Sample Date 12/14/89 12/21/89 1/24/90 12/14/89 12/21/89 Field Blank
Description Field Blank Field Blank Field Blank Field Blank Field Blank Landfill Hydrant

Volatiles (ug/L)_____

Acetone 85

2-Butanone 110

2-Hexanone

Benizene 8

Chloroform _____33

Methylene Chloride 14 21

Bromof arm 30 21

Bromodichlorometriane 15 16 41

Chlorocibromomethane 36 33 4

Carbon Disulfide

Base Neutrals (uiL) __________ ____________

Bis (2-ethyl hexyllphthal ate I_____

Pyrene 99

Add Extractables (jig/L) ____ ________

Pentachlorophenol 230 _____

Pesticides (jig/LI __________ _____ ____________

Delta OHC

Gamma SHC

Hfeptachlor

Inoirganics (jig/L.)_____ __________ ____________

Aluminum

Arsenic 0.18

Banium [93.41

Beryllium 0.4 0.35

Calcium [931 [7111 (85.9! 14,400

Chromium [1.31 [1.61 _ ____

Cobalt [6.91 1981

Iron [29.01 106

Lead [0.141 0.33 [1.71

Magnesium [75.71 ______ [4.2301

Manganese 16.5

Mercury 0.21 0.25

Potassium [1,1101

Silver

Sodium [1391 [1981 96.3 100,000

Vandiumn 1.1

Zinc [2.31 [2.01 1 0 195

(a) No entry indicates parameter not detected above Contract Reouired Quantitation Limit
(b)I I[data validation qualifier indicating estimated value.
NA.- Not analyzed.
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TAUE 3-7 (CONTINUED)
QA/0C SAMPLE CONCENTRATIONS (Sb)
FORIER BASE LANDFILL
PAGE TWO OF TWO

Sample Number 01-RBO1-A 01-RB03-A 01-RB13-A
Sample Date 12/12/89 12/14/89 1/25/90
Desption Rrnsate Rinsate Rinsate 12/13/89 12/14/89 12/21/89 1/25/90

Blank Blank Blank Trip Blank Trip Blank Trip Blank Trip Blank

Volatiles (ug/L)

Acetone

2-Butanone 76

24exanone 27

Benzene 10 10

Chloroform 33 36 40 53

Methylene Chloride 13 19 19 22

Bromoform

Bromodichloromethane

Chlorodibromomethane
Carbon Disulfide 67

Base Neutrals (Ug/L)

BiB (2-ethylhexyi)phthalate NA NA NA NA

Pyrene NA NA NA NA

Acid Extractables (ugL)

Pentachlorophenol NA NA NA NA

Pesticides (ig/L)

Delta SHC 0.072 NA NA NA NA

Gamma 8HC 0.14 NA NA NA NA

Heptachlor 0.18 NA NA NA NA

Inorganics (ug/L)

Aluminum [8.81 NA NA NA NA

Arsenic NA NA NA NA

Barium NA NA NA NA

Beryllium NA NA NA NA

Calcium [1981 [83.91 [1,7701 NA NA NA NA

Chromium (1.11 (1.11 NA NA NA NA

Cobalt [8.41 NA NA NA NA

Iron [2.21 (52.01 NA NA NA NA

Lead [0.801 NA NA NA NA

Magnesium 74.0 (0.141 NA NA NA NA

Manganese NA NA NA NA

Mercury NA NA NA NA

Potassium NA NA NA NA

Silver (6,91 NA NA NA NA

Sodium (1001 (5401 NA NA NA NA

Vandium 1.81 NA NA NA NA

Zinc " 2,41 898 NA NA NA NA

(a) No entry indicates parameter not detected above Contract Required Quantitation Limit.
(b) I I data validation aualifier indicating estimated value.
NA - Not analyzed.
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TABLE 3-10

ESTIMATES OF DARCIAN SEEPAGE VELOCITY
POL STORAGE AREA

Darcian Seepage Darcian Seepage
Hydraulic Effective Hydraulic Velocity Velocity
Gradient Porosityja) Conductivity(b) (ft/day) (ft/year)

(ft/ft)
Low High Low High Low High Low High

.015 0.05 0.25 2.63 - 0.158 0.789 57.60 287.99

.015 0.05 0.25 - 4.14 0.248 1.24 90.67 452.60

(a) Effective porosity estimates based on estimates of specific yield for similar
soil types from Fetter, 1979, Applied Hydrogeology.

(b) Hydraulic conductivity estimates based on range of hydraulic
conductivities for rising head tests presented in Table 3-9.
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TABLE 3-12

GROUND-WATER CONCENTRATIONS(a)

P01 STORAGE AREA

Sample Number 02-M W10-A
Sample Date 1/22/90

Volatiles (jigIL) ______

Ethylbenzene 6 J

Total Xyienes 23 J

Styrene 10 1

Chlorobenzene _T6 J

(a) J qualifier indicates estimated result.
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TABLE 3-13

BLANK SAMPLE CONCENTRATIONS (a)
POL STORAGE AREA

Sample Number 02-FB05-A 02-FB06-A 02-FDO8-A 02-FD09-A
Sample Date 1/13/90 1/13/90 1/16/90 1/24/90
Description Field Blank Field Blank Field Blank Field Blank

HPLC Water Municipal Water Municipal Water POL Spigot

Volatiles (iiglL)__ _ _ _ _ __ _ _ _ _ _ _ __ _ _ _ _ _ _ ______

Acetone 24

2-Butanone

2-Hexanone

Benzene 15 10

Toluene 16

Ethylbenzene ______________________5

Total Xylenes 37_____________

Ch Iarobenzene 18
1,1 -Dichloroethene

Chloroform 20 24 36

Methylene Chloride 12 23

Bromoform 15 22 14

Bromodichloromethane 21 9

Chlorodibromomethane 32 34 15

Carbon Disulfide

Vinyl Acetate 23

Base Neutrals (jig/L)

Bis (2-ethylhexyl) phthalate 1

Naphthalene 1

Geochemical Parameters

Petroleum Hydrocarbons ___________________

(a) No entry indicates parameter not detected above Contract Required Quantitation Limit.
NA - Not analyzed.
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TABLE 3-13
BLANK SAMPLE CONCENTRATIONS (a)
P01 STORAGE AREA
PAGE TWO OF THREE

Sample Number 02-RB05-A 02-RB07-A 02-RB11-A 02-TB03-A
Sample Date 12/1 9/89 1/1 2/90 1/22/90 12/1 9/89
Description Rinsate Blank Rinsate Blank Rinsate Blank Trip Blank

Volatiles (ugiL) _______ _ _ _ _ _ _ _ _______ _____

Acetone

2-Butanone

2-Hexanone 17
Benzene 8

Toluene

Ethylbenzene _______ ______________ _____

Total Xylenes_______ _______ ________ _____

Chlorobenzene

1,1 -Dichloroethene _____

Chloroform 20

Methylene Chloride 14

Bromoform

Bromodichloromethane

Chlorodibromomethane

Carbon Disulfide 85

Vinyl Acetate

Base Neutrals (iig/L) _______ _______ _______ _____

Bis (2-ethylhexyl)phthalate 8 2 NA
Naphthalene NA

Geochemical Parameters
Petroleum Hydrocarbons 23 NA

(a) No entry indicates parameter not detected above Contract Required Quantitation
Limit.

NA - Not analyzed.
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TABLE 3-13
BLANK SAMPLE CONCENTRATIONS (a)
POL STORAGE AREA
PAGE THREE OF THREE

Sample Number 02-TB05-A 02-TB06-A 02-TB07-A 02-TB08-A
Sample Date 1/12/90 1/16/90 1/22/90 1/24/90
Description Trip Blank Trip Blank Trip Blank Trip Blank

Volatiles (iig/L)_______ ____ __ _ _ _ _ _ _

Acetone 23
2-B uta none 6
2-Hexanone 19
Benzene 99
Toluene 8

Chloroform 40 51 30 31
Methylene Chloride 18 18
Bromof arm

Bromodichioromethane

Chiorodibromomethane

Carbon Disulfide 15
Vinyl Acetate
Base Neutrals (iig/L)______

Bis (2-ethylhexyl)phthalate NA NA NA NA
Naphthalene NA NA NA NA
Geochemical Parameters
Petroleum Hydrocarbons NA NA NA NA

(a) No entry indicates parameter not detected above Contract Required Quantitation
Limit.

NA - Not analyzed.
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4.0 PRELIMINARY RISK ASSESSMENT

A number of hypothetical exposure scenarios are evaluated in this section. In

summary, the risk assessment shows that, even under these conservative scenarios,

the sites at Ellington ANG present minimal risks to receptors. A summary of the

methods used to determine the potential public health and environmental risks

posed by contamination at Ellington Field (ANG) are presented in Sections 4.1

through 4.4. Section 4.1 summarizes data evaluation methods. Section 4.2 discusses

contaminant mobility and presents a toxicity assessment including hazard

identification, toxicological profiles for chemicals of concern, dose-response

parameters and selected regulatory standards and guidelines. Section 4.3 identifies

potential receptors that may be exposed to site-related contamination. Section 4.4

presents information on contaminant fate and transport and the methods used to

characterize human exposures. The results of the preliminary public health risk

assessment are provided in Section 4.5.

4.1 EVALUATION OF SITE INFORMATION

The preliminary risk assessment was completed based on the analytical results for

samples collected during the NUS field investigation. At the Former Base Landfill,

NUS collected three composite surface soil samples (and one duplicate) from the

landfill surface, drilled five soil borings and collected a total of nine subsurface soil

samples (and one duplicate). NUS also installed five monitoring wells at the landfill

and collected one sample from each well and a single duplicate sample.

At the POL Storage Area, eight soil borings were drilled for the collection of

environmental samples and 23 subsurface soil samples (and three duplicates) were

collected. The grc jnd-water sampling investigation consisted of the installation of

four monitoring wells and the collection of a single sample from each well.

All samples were analyzed in fixed-base laboratories and were validated in

accordance with guidance provided by:

0 Laboratory Data Validation Functional Guidelines for Evaluating Organic

Analyses, EPA, February 1989.
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* Laboratory Data Validation Functional Guidelines for Evaluating Inorganic

Analyses, EPA, February 1989.

The validation process involves such tasks as review chain-of-custody forms and

proceeds through checks of initial and continuing instrument calibration to

calculations of parameters such as percent matrix spike recover. Data which do not

meet prescribed QA/QC requirements are qualified, or "flagged", by the following

symbols:

* J. The associated numerical value is an estimated quantity.

* [ I The analyte was detected at a concentration below the Contract

Required Detection Limit (CRDL).

Examples of qualified data may be found throughout the data base (Appendix D).

Additional aspects of data evaluation are discussed in subsequent portions of the

preliminary risk assessment. Analytes that were not detected in any environmental

samples were treated as absent from site matrices. Averages presented are

arithmetic averages calculated using one-half the method detection limit for

analytes that were not detected in certain samples of a particular matrix.

Organic and inorganic soil concentrations are compared with reported background

concentrations during the selection of chemicals of concern in Section 4.2.2 (Hazard

Identification). Ground-water concentrations of naturally-occurring inorganic

constituents are also compared with reported background levels in Section 4.2.2.

4.2 PROPERTIES OF CONTAMINANTS OF CONCERN

Information on various chemical and physical properties of site contaminants that

affect contaminant mobility is presented in Section 4.2.1. Section 4.2.2 identifies

contaminants of concern for the risk assessment. Section 4.2.3 includes a discussion

of the toxicity of each of the contaminants of concern and identification of

appropriate dose-response parameters.

R-48-05-0-016. 4-2



4.2.1 Chemical and Physical Properties of Contaminants

This section provides a qualitative indication of the potential migration of the

organic contaminants found at Ellington Field (ANG). The physical and chemical

properties of the organic chemicals found in site soils and ground water are

presented in Table 4-1. These parameters were used to assess the behavior of these

compounds in the environment.

Empirically determined literature values of water solubility, the octanol/water

partition coefficient, vapor pressure, the Henry's law constant, bioconcentration

factor and specific gravity are provided in Table 4-1 (as available). Calculated values,

which were determined using approximation methods, are presented where

literature values could not be found. A discussion of the environmental significance

of each of these parameters follows:

Water Solubility - The rate at which a chemical is leached from waste materials or

soils by infiltrating precipitation is proportional to its water solubility. More soluble
chemicals are expected to reach the water table much more readily and rapidly than

less soluble chemicals. The water solubilities presented in Table 4-1 indicate that the

volatile organic compounds detected in site media are generally several orders of

magnitude more soluble than the base/neutral-extractable compounds (phthalate

esters and polynuclear aromatic hydrocarbons) and pesticides. The nature and

extent of contamination at the sites is consistent with the anticipated environmental

behavior of the various classes of compounds. Volatile organic chemicals were

detected in ground water at the POL Storage Area. Relatively water-insoluble

compounds, such as phthalate esters, polynuclear aromatic hydrocarbons (PAHs),

and pesticides, have not been detected at high concentrations in ground water and

appear to be bound to the soil matrix.

Octanol-Water Partition Coefficient -The octanol-water partition coefficient (Kow) is

a measure of the equilibrium partitioning of a chemical between a two-phase

octanol and water mixture. Polynuclear aromatic hydrocarbons (PAHs), phthalate
esters, and pesticides have Kow values several orders of magnitude greater than the

various volatile organics detected in site media. The octanol-water partition

coefficient is used to estimate bioconcentration factors in aquatic organisms. A

linear relationship between the octanol-water partition coefficient and the uptake

R-48-05-0-016H 4-3



of chemicals by the lipid (fatty) tissue of animal and human receptors has been
determined (Lyman et al., 1982). PAHs, phthalate esters and pesticides are more
likely to accumulate in the tissues of receptors. The octanol-water partition
coefficient is also useful for assessing the sorption of compounds by soils containing
organic matter where experimental partitioning values are not available.

Soil/Sediment Adsorption Coefficient - The soil/sediment adsorption coefficient is
related to the water solubility and the octanol-water partition coefficient. This
parameter indicates the tendency of an organic chemical to bind to soil particles
containing organic carbon. Chemicals with high soil/sediment adsorption
coefficients generally have low water solubilities and vice versa. Chemicals such as
PAHs, phthalate esters, and pesticides are relatively immobile in the subsurface
environment and are preferentially bound to the soil phase. These compounds are
not subject to ground-water transport to the same extent as compounds with high
water solubilities and low adsoiption coefficients. The analytical results for soil and
ground-water samples obtained at the two sites are consistent with the anticipated
partitioning of the various compounds detected. The soil-adsorptive PAHs,
phthalate esters, and pesticides remain bound in the soil matrix whereas the soluble
volatile organics are present in the ground water. The soil/sediment adsorption
coefficient may also be used to infer the rates at which contaminants move in
ground water using the retardation factor as follows (Javandel et al., 1984):

R= I P- K
nd

Where:

R is the retardation factor (dimensionless)

p is the soil bulk density (kg/L)
n is the effective porosity of the soil (decimal fraction)

Kd is the distribution coefficient (.ig/kg/Ig/L)

Kd =f xK
5C OC
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Where:

Kd is the distribution coefficient (jig/kg/pg/L)
f0c is the soil organic carbon content (kg/kg)
Koc is the soil/sediment adsorption coefficient (jig/kg organic carbon/ig/L)

The concept of the retardation factor is used in Section 4.4.1 to determine travel
times for the primary potential ground-water contaminants at the site
(i.e., monocyclic aromatics).

Vapor Pressure - Vapor pressure provides an indication of the rate at which a

chemical evaporates from both soil and water. It is of primary significance where
environmental interfaces such as surface soil/air or surface water/air are important.
Vapor pressures for volatiles are generally many times higher than vapor pressures
for pesticides and PAHs. As a result of the combined effects of vapor pressure and
water solubility, concentrations of volatile organics in surface soils at the landfill
were expected to be very low, and were therefore not analyzed.

Henry's Law Constant - The vapor pressure and the water solubility are of use in

determining volatilization rates from surface water bodies. The ratio of these two
parameters is used to calculate the equilibrium concentrations of a chemical in air
versus water for the dilute solutions commonly encountered in environmental

settings. The Henry's law constant is also useful for estimating volatile releases of

ground-water contaminants as a result of potable use.

Bioconcentration Factor - The bioconcentration factor (BCF) represents the ratio of
concentrations of water contaminants in aquatic species to the concentration in the
water body in which they reside. The BCF is both contaminant- and species-specific.
When site-specific values are not measured, literature values may be used, or the BCF
may be derived from the octanol-water partition coefficient. Several of the classes
of compounds detected at the sites are bioaccumulative in nature, particularly the
PAHs, pesticides, and phthalate esters, as shown by the relative magnitude of the
BCFs presented in Table 4-1.

Specific Gravity - Specific gravity is the ratio of the weight of a given volume of a
pure chemical to the same volume of water at a specified temperature. It is of
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primary utility in determining whether a chemical will "float" or "sink" in surface
water bodies or in ground water. Generally, organic chemicals must be present at
concentrations approaching their water solubility for density effects to be
important. Based on the minimal observed ground-watar contaminant
concentrations at the two sites, it is not anticipated that density stratification has
had a significant effect on contaminant movement in the subsurface. For example,
the most concentrated ground-water contaminant at the POL Storage Area (total
xylenes) is present at a maximum concentration of 23 pig/L, which is only 0.01 percent
of its water solubility (187,000 pig/L).

4.2.2 Hazard Identification

The primary purpose of Hazard Identification is to select organic and inorganic
chemicals that will adequately represent the risks posed by site-specific
contamination. Tables 4-2 and 4-3 present a complete listing of the chemicals of
concern for soil and ground water at Ellington Field (ANG). Chemicals of concern
have been identified based on their frequency of occurrence and distribution,
concentral'ons, and toxicity, as well as through comparison with background
concentrations (inorganic chemicals). Fiur the purpose of hazard identification,
estimated values are treated as real results and are therefore not flagged. All data
qualifiers are presented on data tables in Section 3 and Appendix D. Sample
concentration data presented throughout Section 4 does not contain the J and [ I
qualifiers as indicated in analytical data base provided in Appendix D. The risk
assessment is based on a conservative approach where all estimated data (J and [ I
qualified) are assumed to be actual quantitative concentrations. Methods for
selecting chemicals of concern are detailed in the following sections.

Chemicals of Concern - Ground Water

A summary of the maximum concentrations of organic and inorganic chemicals
detected in ground-water samples collected in the vicinity of the two sites is
provided in Table 4-4. No volatile organic chemicals were detected in ground water
at the Former Base Landfill. However, two pesticides (alpha-BHC and methoxychlor)
were present at very low concentrations in wells MW-01 and MW-05, respectively.
Neither of these chemicals was detected in either the surface or subsurface soil
samples collected at the landfill. They are relatively insoluble chemicals (similar to

R-48-05-.-016H 4-6



many of the PAHs, DDT, and heptachlor, which were detected in the site soils and

not in the ground water). The source of the alpha-BHC and methoxychlor in the

ground water cannot be tied to the landfill and therefore they were not selected as

indicator chemicals.

Ground water at the POL Storage Area contained low concentrations of several

monocyclic aromatics (e.g., ethylbenzene and styrene). These chemicals were also

detected in several subsurface soil samples from the site and were therefore selected

as indicator chemicals.

Table 4-5 presents a summary of inorganic chemical concentrations in site ground

water versus naturally occurring levels identified in the literature and

Primary/Secondary Drinking Water Standards. As shown by Table 4-5, only

aluminum was detected at a concentration significantly above that reported as

background. Aluminum is not considered a toxic chemical and is not currently

regulated. Other inorganics such as calcium, barium, chromium and vanadium are

present at concentrations slightly above the maximum reported background

concentrations. However, these inorganics were either present at concentrations

below the Drinking Water Standards (barium and chromium) or are not known to be

either toxic (at the low concentrations detected) or carcinogenic. Iron, which is

present at a maximum concentration of 3,710 pg/L, exceeds the Secondary Drinking

Water Standard, but is within the range of naturally-occurring concentrations. The

standard is based on aesthetic reasons (staining) rather than health reasons, and

therefore, iron is not of concern at these sites. No inorganics were selected as

chemicals of concern in ground water.

Chemicals of Concern - Soil

A summary of the maximum observed organic chemical concentrations in surface

and subsurface soil at the two sites is provided in Table 4-6. As shown in Table 4-6
and as discussed in Sections 3.1.4 and 3.2.3 (Contaminant Occurrence and

Distribution), soils contain relatively low levels of organic compounds such as

monocyclic aromatics, chlorinated aliphatics, polynuclear aromatics and/or

pesticides.

I
I

R-48-O5-O-O 1 6H 4-7

I



The various polynuclear aromatic hydrocarbons (PAHs) detected in the landfill
surface soil samples were found at relatively low concentrations. The presence of
low concentrations of these compounds is not considered a threat to human health.
For comparative purposes, background total PAH concentrations in the vicinity of

highways range from 6,000 jig/kg to 300,000 jig/kg (Santodonato, et al., 1982) and
urban soils are reported to contain between 25,000 and 580,000 jig/kg total PAHs

(ATSDR, October 1989). Site-specific surface soil results are well within this range of
soil PAH concentrations. The Former Base Landfill is located in the vicinity of roads,
railroads and airstrips, all of which are sources of contaminants derived from the

burning of fossil fuels. However, since no other contamination has been identified,
all potentially carcinogenic PAHs will be retained as indicator chemicals. The USEPA
has officially revoked the Cancer Slope Factors for PAHs (benzo(a)pyrene); however,
several articles have proposed the use of relative potency estimates (based on the
slope factor for benzo(a)pyrene). In addition, naphthalene was retained as an
indicator chemical because it is known to cause noncarcinogenic health effects.

Surface soils at the landfill also contained butylbenzylphthalate, dibenzofuran and
DDT and its metabolites. No health-based standards or dose-response parameters

are available for either dibenzofuran or the metabolites of DDT. Furthermore, these
substances were detected at concentrations two to three orders of magnitude less
than the PAHs. Therefore, these compounds were not selected as chemicals of

concern in soil at the landfill. Compounds found only in single subsurface soil
samples at the landfill (phenol and heptachlor) were not selected as chemicals of
concern for the following reasons: (1) there is no route of direct human or
environmental exposure to subsurface soil contaminants, and (2) they are either not

highly soluble (heptachlor) or are not highly toxic (phenol).

At the POL Storage Area, several volatile organic chemicals were detected in

subsurface soil samples. Several of these compounds have potential carcinogenic

effects, whereas most of the remaining volatile organics may cause threshold
(noncarcinogenic) effects in human receptors. One compound
(1,2-dichloropropane) is a suspected human carcinogen, but it was detected in only

one subsurface soil sample at a concentration of 1 jig/kg. This compound was not
selected as a chemical of concern. Of the noncarcinogenic chemicals detected at the
POL Storage Area, only 4-methyl-2-pentanone (MIBK) was not selected. It was
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detected at a maximum concentration of 4 Vg/kg and was not found in any of the
ground-water samples.

Table4-7 presents a summary of metals concentrations in the landfill surface soils
and also includes a summary of literature background values. Soil samples at the
POL Storage Area were not analyzed for metals. Comparison of the maximum and
average concentrations of metals in landfill surface soils to the reported background
concentrations shows that arsenic, lead, mercury and zinc are present at
concentrations above background. Therefore, they have been selected as chemicals
of concern. Although lead has been classified as a possible human carcinogen, a
Cancer Slope Factor has not been developed for this chemical as of this date. The
Reference Dose for lead is currently undergoing review by the EPA, but will be used
to characterize potential noncarcinogenic effects associated with lead exposures.
Arsenic is a known human carcinogen via inhalation, and zinc and mercury are toxic
via ingestion.

Tables 4-2 and 4-3 present a complete listing of the chemicals of concern for soil and
ground water at Ellington Field (ANG). Toxicological profiles for each of the
chemicals of concern are provided in Appendix F.

4.2.3 Dose-Response Evaluation

An important component of the risk assessment process is the relationship between
the dose of a compound (amount to which an individual or population is exposed)
and the potential for adverse health effects resulting from such exposure. Dose-
response relationships provide a means by which potential public health impacts
may be evaluated. Noncarcinogenic risks may be quantitatively assessed by
comparing estimated doses with Reference Doses. Carcinogenic risks may be
quantitatively assessed using the Cancer Slope Factor. These parameters, as well as
uncertainty factors and weight-of-evidence for carcinogenicity, are discussed below.

Reference Dose (RfD) - The Reference Dose applies to prolonged human exposure to
hazardous chemicals (i.e., chronic exposure) and is based solely on the
noncarcinogenic effects of chemical substances. The RfD is usually expressed as an
"acceptable" dose (mg) per unit body weight (kg) per unit time (day). It is generally
derived by dividing a No- Observed-(Adverse)-Effect-Level (NOAEL or NOEL) or a
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Lowest- Observed-Adverse-Effect-Level by an appropriate uncertainty factor.

NOAELs, etc. are determined from laboratory or epidemiological toxicity studies.

The uncertainty factor (10,100, or 1,000) is based on the availability of toxicity data:

10 is used if appropriate chronic human data are available; 100 is used if sufficient

chronic animal data are available; and 1,000 is used if only subchronic animal data

can be obtained. An additional uncertainty factor (ranging from 1 to 10) may also

be included, depending on the severity of the observed effect, if a LOAEL is used to

develop the Reference Dose. Dividing the effect level by an uncertainty factor
results in an RfD that is protective of even the most sensitive members of an exposed

human population.

RfDs are route-specific and have been developed for both ingestional and

inhalational exposures. The United States Environmental Protection Agency (USEPA)

has not developed RfDs for dermal exposure routes. Dermal RfDs may be derived

from oral RfDs if the absorption efficiency for oral administration is known (USEPA,

December 1989). Absorption efficiencies could not be determined for the chemicals

of concern identified in the preceding section. It was assumed that 100 percent
absorption occurred after ingestional administration, and oral RfDs were used to

characterize noncarcinogenic risks associated with dermal contact.

Cancer Slope Factor (CSF) - The Cancer Slope Factor (formerly the Cancer Potency
Factor) is developed by the USEPA's Cancer Assessment Group and is applicable for

estimating the lifetime probability of human receptors developing cancer as a result

of exposure to known or suspected carcinogens. The CSF is generally expressed in

units of (mg/kg/day)-1 and is derived through an assumed low-dosage linear

relationship and an extrapolation from high to low dose-responses determined from

animal studies. The CSF is the upper 95 percent confidence limit of the slope of the

linearized dose-response curve. The USEPA weight-of-evidence classification

describes the preponderance of evidence regarding carcinogenic effects in humans

and animals. The categories are defined as follows:
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EPA 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 B 1 Probable human Limited evidence of carcinogenicity in
carcinogen humans from epidemiologic studies.

Group 82 Probable human Sufficient evidence of carcinogenicity in
carcinogen animals; inadequate evidence of

carcinogenicity in humans.

Group C Possible human Limited evidence of carcinogenicity in
carcinogen animals.

Group D Not classified Inadequate evidence of carcinogenicity
in animals.

Group E No evidence of No evidence of carcinogenicity in at
carcinogenicity in least two adequate animal tests or in
humans both epidemiologic and animal studies.

Values of the noncarcinogenic and carcinogenic dose-response parameters for site

chemicals of concern are provided in Table 4-8. In addition, appropriate regulatory

standards and guidelines such as Maximum Contaminant Levels, Maximum

Contaminant Level Goals, Ambient Water Quality Criteria and USEPA Drinking

Water Health Advisories are also presented. The dose-response parameters were

used to generate quantitative risk estimates. Site-specific ground-water

concentrations were also contrasted with appropriate standards and guidelines to

provide an indication of the quality of site ground water.

Appendix F contains brief toxicological profiles for each chemical of concern. The

profiles present a summary of available published information on both human

health and environmental effects.

4.3 IDENTIFICATION OF RECEPTORS

Based on a review of existing site conditions, current land and water use and site-

specific chemical contamination, potential routes by which human receptors may be

exposed to contaminants at the sites have been identified. Exposures may occur

directly at the site or as a result of contaminant migration to offsite receptor
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locations. Potential receptors include local residents as well as military and civilian

base personnel.

4.3.1 Land Use

Discussions with Ellington Field (ANG) personnel indicate that the facility will

continue in use as a government facility and will not be developed for any
residential or commercial purposes. Furthermore, Ellington Field (ANG) personnel

indicate that the two sites investigated at the facility (i.e., the Former Base Landfill
and the POL Storage Area) will not be developed as either domicile areas

(i.e., barracks, officer housing, etc.) or for other uses that will result in increased

contact or disturbance of the subsurface.

Based on reported water use in the vicinity of the base, it has been assumed that
shallow ground water may be used a potable water source. Although production
wells are reported to exist at the base, these wells are believed to be installed in an
aquifer that is not threatened by the minimal contamination observed at either site.

4.3.2 Potential Receptors

Potential receptors at Ellington Field (ANG) include both military and civilian base

personnel as well as offbase residents. Base personnel could be exposed to residual
contamination in soils during activities such as landscape maintenance (lawnmowing
at the landfill) or as a result of routine maintenance at the POL (e.g., pump repair,
filling/decanting operations). Offbase personnel may be exposed as a result of

contaminant migration (fugitive dust emissions or advective transport of dissolved
species in ground water). However, the results of the risk assessment indicate that
no significant noncarcinogenic or carcinogenic risk are likely to occur during

activities such as landscape maintenance, based on the available data.

Potential receptors consisting of base personnel include only adults. Offbase

receptors include adults, adolescents, and children.

R-48-05-0-016 - 4-12



4.3.3 Exposure Routes

The following exposure routes will be considered for onbase and offbase receptors:

" Incidental ingestion of surface soils (base personnel)

" Dermal contact (absorption) with surface soil (base personnel)

* Ground water use (offbase receptors)

" Inhalation of fugitive dust (off base receptors)

Ground water use exposure routes include ingestion, inhalation of volatiles during
showering and dermal contact during showering or bathing. Inhalation of fugitive
dust by offbase receptors includes intake as a result of both respiratory and

gastrointestinal tract deposition of respirable particulates.

Several additional exposure routes were not considered as significant mechanisms

for human exposure. Such routes included inhalation of volatile emissions from the
site surface soils and exposures associated with erosional transport of surficial

contaminants.

Sampling and analysis activities at the landfill did not reveal the presence of volatile

organics in the shallow subsurface soils. Shallow subsurface soil samples (0 to 2 feet
deep) in the drainage swale at the POL Storage Area did not contain volatile

organics. The maximum concentration of volatiles (19,100 .ig/kg) was found at a
sample depth of 4to 6feet in one boring, (SB-13), which is an area covered with

concrete, as is most of the site. Therefore, emission of volatiles is not considered a
significant contaminant release mechanism for either site.

Erosion of surface soils and transport to offsite locations via surface water runoff is
not considered a significant contaminant release mechanism. The landfill is

currently vegetated, and the POL Storage Area is covered by concrete. The presence

of cover impedes erosional releases. Furthermore, topographic relief is not
particularly pronounced, and infiltration and evapotranspiration are probably the
primary mechanisms for loss of precipitation in unpaved portions of the landfill. At

the POL Storage Area, samples were collected in a drainage swale that leaves the site

(samples 01-SB07A-A and 01-SB08A-A). These samples contained no volatile
organics, a fact that indicates that contamination may have left the site in the past as
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releases of materials stored in the tanks. However, because the tanks had secondary

containment and because there is little relief, releases of fuel products have

probably not migrated far from the site. Continued offsite migration of these

contaminated subsurface soils is unlikely. Therefore, erosion is not considered a

significant contaminant release mechanism, and exposures associated with such

releases will not be considered.

4.4 POTENTIAL MIGRATION PATHWAYS

Various aspects of contaminant fate and transport and exposure assessment at
Ellington Field (ANG) are discussed in this section. Potential contaminant migration
routes are identified and discussed in Section 4.4.1. Section 4.4.2 presents a brief
discussion of contaminant persistence. The methods used to estimate human
exposures to the identified contaminants are presented in Section " 4.3.

4.4.1 Potential Migration Routes

This section identifies the primary contaminant migration pathway(s) for the two

sites investigated. Contaminant release/migration mechanisms were identified
through a review of the site-specific analytical data base, various site features and
hydrogeologic conditions.

Neither site exhibits a significant amount of contamination. At both sites,

subsurface soils exhibit some contamination with volatile organics, base/neutral- or
acid-extractables and/or pesticides. The primary release mechanism acting at these
sites is the slow downward migration of contaminants through the soil column.
Neither site exhibited a major ground-water contamination problem, which is to be
expected considering the relatively low concentrations of organic chemicals in the

soils.

The potential impact of soil contamination may be estimated using the USEPA's
Organic Leachate Model (OLM) (USEPA, November 13, 1986):

Cleahat= 2.21 x 10- 3 X C0.678X S0.373
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Where:

Cleachate is the estimated leachate concentration (mg/L)

Csoi I is the soil concentration (mg/kg)

S is the water solubility (mg/L)

This equation is used to calculate the leachate concentrations in the unsaturated

zone. This leachate will eventually enter the saturated zone and be diluted.

Dilution is calculated as follows, using a model proposed by Donigian et al.

(November 1983):

Cgw - qxL
Vd x m

Where:
Cgw is the contaminant concentration in the saturated zone (mg/L)

C1 is the contaminant concentration in leachate, as calculated by the

OLM (mg/L)
q is the estimated recharge rate (cm/yr)
L is the length of the source area perpendicular to ground-water flow

direction (m)

Vd is the Darcy ground-water velocity (cm/yr)
m is the effective aquifer thickness in the mixing zone (m)

The most concentrated contaminant found in any soil sample was at the POL Storage

Area where ethylbenzene was detected at 13 mg/kg. With a solubility of 152 mg/L,

Cleachate is determined to be 8.1 x 10-2 mg/L. Assuming a recharge rate of 12 cm/yr, a
length of 150 m, a Darcy velocity of 3,600 cm/yr and a thickness of 3.5 m, the ground-

water concentration is estimated to be 1.2 x 10-2 mg/L. Considering that the

maximum concentration of ethylbenzene detected in the ground water is 6 Vg/L and
using this process (which assumes that the entire site contains ethylbenzene at
13 mg/kg) results in a concentration of 12 pg/L, it is unlikely that the site soils are a

significant source of future ground-water contamination.
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An additional aspect of contaminant migration is related to the concept of the
retardation factor defined in Section 4.2.1. This factor can be used to estimate
contaminant velocities. Based on the following assumptions

" foc = 0.01 kg/kg
" P = 2.7 kg/L

" n = 0.35

Taking into account contaminant retardation, contaminant velocities range from
0.28ft/day (acetone and methylene chloride) to 1.6 x 10-6 ft/day (4,4'-DDT).
Assuming the nearest receptor well is one mile downgradient of either site, the most
mobile contaminants (acetone and methylene chloride) could reach the receptor
well in 52 years.

Another potential contaminant release mechanism at the landfill is the atmospheric
transport of contaminated particulates as fugitive dust. Although most of the site is
currently covered with grass, fugitive dust emissions are considered possible.
Surficial soil samples at the site contain low concentrations of various semivolatile
organics, pesticides, and various inorganic constituents. These compounds may be
released from the site via fugitive dust emissions. Based on the available data, the
results of the risk assessment indicated no significant noncarcinogenic or
carcinogenic risks appear to exist in light of these release mechanisms.

Overland transport of contaminated soils is not considered a significant migration
pathway at either site. The presence of vegetation and various cover materials, as
well as the relatively flat topography, will impede erosion of surficial materials.

Volatilization of organic chemicals from either site is also considered a relatively
insignificant release mechanism. Surface soil samples at the landfill were not
analyzed for volatile organics and would not be expected to contain any because of
high ambient temperature and the unconsolidated nature of the surficial material.
In addition, only low concentrations of volatile organics were detected in the
subsurface soils. The surface soil at the landfill contains a number of semivolatile
compounds probably as a result of vehicular traffic at the landfill. The pesticides
found in low concentrations at this site are also unlikely to volatilize (see
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Section 4.2.1). Shallow subsurface soils at the POL Storage Area contained only low

concentrations of volatile organics.

4.4.2 Contaminant Persistence

The persistence of various classes of site contaminants is discussed in this section.
The following general classes of compounds are discussed:

" Ketones
" Monocyclic aromatic volatiles
" Chlorinated aliphatic volatiles
" Phthalate esters

" Polynuclear aromatic hydrocarbons (PAHs)
* Pesticides

Ketones are volatile and if they are released to the ground, they will both evaporate
and leach into the subsurface unsaturated and saturated soil. Acetone is susceptible
to aerobic biodegradation. Ketones are generally very soluble and lipophobic, and,
therefore, adsorption to soil or sediment (in aquatic systems) or bioconcentration
are not significant fate processes (Howard, 1990).

Monocyclic aromatic compounds, such as benzene and ethylbenzene, are not
considered persistent environmental contaminants in comparison to PAHs, pesticides
and metals. Such compounds are subject to degradation via the action of both soil
and aquatic microorganisms. The biodegradation of these compounds in the soil
matrix is dependent on the abundance of microflora, macronutrient availability, soil
reaction (pH), temperature, etc. Increasing chlorination of aromatic compounds
makes them more resistant to biodegradation. Hence, chlorobenzene is not
expected to degrade as readily as nonhalogenated compounds. For example, a
reported first-order biodegradation rate constant for benzene in aquatic systems is

0.11 day-1, whereas the corresponding rate constant for chlorobenzene is
0.0045 day-1 (Lyman et al., 1982). Half-lives for these compounds are, therefore,
6 days and 150 days, respectively.

Based on the current extent of contamination at the two sites, it is not expected that
significant degradation of the various aromatic compounds will occur.
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Contamination is primarily confined to the subsurface soils where limited

macronutrient availability and anaerobic conditions are expected to impede such

processes. Other potential environmental degradation mechanisms, such as
hydrolysis and photolysis, are considered insignificant for monocyclic aromatic

compounds (USEPA, December 1982). The aromatic volatiles at the sites are

primarily confined to the subsurface soils. Hence, photolytic degradation cannot

occur.

Chlorinated aliphatic hydrocarbons, such as methylene chloride, are subject to
reductive dehalogenation via the action of anaerobic bacteria. Photolytic
degradation is not considered a significant fate process for these types of

compounds (USEPA, December 1982). Methylene chloride is contained in the
subsurface matrix, which prevents photolytic degradation from occurring.
Hydrolysis may occur for saturated aliphatics (i.e., alkanes), but does not appear to
be a significant degradation mechanism for unsaturated species (i.e., alkenes

[USEPA, December 1982]).

Phthalate esters are considered relatively persistent environmental contaminants.
Although numerous studies have demonstrated that such compounds undergo
biodegradation, it appears that this is a very slow process in soils. While
biodegradation of phthalate esters is an important fate mechanism over the long-
term, rapid degradation of such compounds is not expected under existing site
conditions. Hydrolysis is not expected to be a significant degradation mechanism for
phthalate esters. For example, a reported alkaline hydrolysis half-life for
bis(2-ethylhexyl)phthalate in aquatic systems is 2,000 years (USEPA, December 1979).
Similarly, photolysis is considered an insignificant degradation mechanism (USEPA,
December 1979).

Polynuclear aromatic hydrocarbons (PAHs) are constituents of oil and grease.
Landfarming applications have indicated that PAHs are amenable to microbial
degradation and studies have demonstrated that PAHs are more readily degraded in
soil matrices than aquatic systems (USEPA, December 1979). It is considered possible
that degradation of PAHs in site soils has occurred to some extent. PAHs do not
contain functional groups susceptible to hydrolytic actions, and therefore, hydrolysis
is considered an insignificant degradation mechanism. Photolysis may be a major
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I
degradation path in aquatic systems but is probably insignificant in surface soils at
the landfill.

When pesticides and herbicides are used, a large proportion reaches the soil or
sediment where they are strongly adsorbed. Bioconcentration of pesticides in the
food chain is a potential fate mechanism although this is generally most important
in aquatic environments. Hydrolysis, volatilization, oxidation, and photolysis are not
generally important fate mechanisms for pesticides in either soil or water (EPA,
December 1979).

In conclusion, it is not expected that environmental transformation or degradation
of the primary contaminants at Ellington Field (ANG) will occur to any great extent.

4.4.3 Exposure Assessment Methods and Assumptions

The methods and models used to assess human intakes via each of the potential
exposure routes are summarized in this section. For the most part, United States
Environmental Protection Agency (USEPA) risk assessment guidance outlined in Risk
Assessment Guidance for Superfund, Volume I, Human Health Evaluation Manual
(Part A) was employed to assess exposures (USEPA, December 1989).

Ground-Water Exposure Concentrations

Exposure estimates associated with potable use of ground water were generated
using the analytical results from the field investigation. Maximum observed
ground-water concentrations were used for one scenario, and a second exposure
scenario examines the potential effects of leachate generated from subsurface soils
at each site. Each scenario assumes there is no attenuation or degradation of
contaminants prior to reaching an offsite well, or conversely, that wells are installed

' at the site boundaries.

Exposure estimates developed using field-generated data should be considered
worst-case estimates, since drinking water wells do not exist in the shallow aquifer in
the immediate vicinity of the base. Risk assessment results based on these data
provide an overall indication of the quality of ground water in the vicinity of the site,
but do not reflect realistic risks under current site conditions.
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Because a potable water supply well may draw water from discrete locations within
the aquifer in the vicinity of the site, maximum concentrations of the various
chemicals detected were employed for each of the preceding scenarios. Table 4-4
summarizes the ground-water concentrations used under the ground-water
exposure scenarios.

The leaching scenario examined for each site is based on the maximum contaminant
concentrations in the subsurface soils. Again, this provides a conservative estimate
of risk posed under the hypothetical ground water use scenario.

Soil Exposure Concentrations

Exposure estimates for dermal contact and accidental ingestion of soils at each site
were generated using site-specific surface soil concentrations (Former Base Landfill)
or shallow subsurface concentrations (POL Storage Area). Because the POL Storage
Area is covered with concrete, soil samples collected at depths of 0 to 2 feet were
used to assess these exposure routes. This approach was used because even though
it is unlikely that potential receptors will come into contact with only discrete

portions of the site, a conservative approach ensures protection of public health.

Maximum soil concentrations at the landfill also were used to characterize potential
exposures as a result of fugitive dust emissions. This approach was used in an effort
to be conservative within the defined exposure scenarios. Soil samples collected at
depths of 0 to 2 feet will be used to evaluate potential fugitive dust exposures from
the POL Storage Area. Table 4-6 summarizes the maximum soil concentrations that
were considered to characterize exposures through dermal contact, incidental
ingestion, and inhalation of fugitive dust.

Intake Estimation Method

Chronic (longer-term) Reference Doses were ultimately used to characterize
potential noncarcinogenic risks. To account for the sporadic nature of the majority
of the potential exposures, human intakes through most exposure routes were
based on exposure frequency time-weighted concentrations. Furthermore, lifetime
incremental cancer risks were generated using Cancer Slope Factors. Exposure
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duration and lifetime terms were used to characterize incremental cancer risks, since

they are lifetime probability estimates.

t Ground-Water Use

4 Three specific exposure routes associated with ground water use were assessed:

ingestion, inhalation of volatiles while showering, and dermal contact. The methods

used to assess these exposures are discussed in the following text.

Ingestional exposure was characterized using the following expression (USEPA,

December 1989):

IEX = CxlRxEFxED/BW/LT/365

Where:

IEX is the ingestional exposure dose (mg/kg/day)

C is the estimated ground-water concentration at the receptor point (mg/L)

IR is the water ingestion rate (L/day)

EF is the exposure frequency (days/yr)
ED is the exposure duration (yrs)
BW is the receptor body weight (kg)
LT is the lifetime of the receptor (yrs)
365 is a conversion factor (days/yr)

Ingestion rates (IR) were specified as 2 liters/day, 1.5 liters/day, and 1 liter/day for

adult, adolescent, and child receptors, respactively. Since exposures associated with
ground water use could occur on virtually a daily basis, the exposure frequency (EF)
was specified as 365 days/year. The exposure duration (ED) and lifetime (LT) were

specified as 70 years for adult receptors. These terms are used only for
characterization of long-term (carcinogenic) risks in this and all subsequent exposure

routes. Body weights were set as follows: adults--70 kg, adolescents--35 kg,
children--10 kg.

4
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Inhalational exposure during showering was estimated using a mass transfer model
developed for this specific exposure route and a dose estimate model. The method

employed is as follows (USEPA, December 1989; Foster and Chrostowski, 1987):

IEX = SxlRxKxEFxED/BW/LT/Ra/106

K = Ds + exp(-RaDt)/Ra-exp(Ra(Ds-Dt)]/Ra

Where:

IEX is the inhalational exposure dose (mg/kg/day)

S is the volatile chemical generation rate (iig/m3/min)
IR is the inhalation rate (L/min)

EF is the exposure frequency (days-i)
ED is the exposure duration (yrs)

BW is the receptor body weight (kg)
LT is the receptor lifetime (yrs)

Ra is the air exchange rate (min-1)
106 is a conversion factor (mg/g/m3/L)
Ds is the shower duration (min)
Dt is the total duration in the bathroom (min)

The volatile chemical generation rate was estimated using the Foster and

Chrostowski mass transfer model, which is based on a two-phase film theory. The
model employs contaminant-specific mass transfer coefficients, Henry's law
constants, droplet diameter, drop time, viscosity and temperature, etc. Specific

details regarding the application of the mass transfer model, as well as sample
calculations, are included in Appendix F.

Inhalation rates were specified as 14 liters/min and 11 liters/min for adult and
adolescent receptors, respectively. Young children are not expected to shower, and
therefore, child exposures were not considered through this route. The exposure
frequency was specified as 1 day- 1 (i.e., 1 shower per day) for both adult and

adolescent receptors. The exposure duration and lifetime terms were set as 70 years
for adult receptors. Body weights were specified as follows: adults -- 70 kg;
adolescents--35 kg.
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The air exchange rate (Ra) was specified as 0.0083 min- 1 for all receptors. The
shower duration (Ds) and total duration in the bathroom (Dt) were set as 15 minutes
and 20 minutes, respectively.

Dermal exposure during bathing or showering was estimated as follows (USEPA,
December 1989):

DEX = CxPCxAVxETxEFxED/BW/LT/103/365

Where:

DEX is the dermal exposure dose (mg/kg/day)
C is the estimated water concentration at the receptor point (mg/L)
PC is the permeability constant of water (cm/hr)
AV is the skin surface area available for contact (cm2)

ET is the exposure time (hrs/day)
EF is the exposure frequency (days/year)
ED is the exposure duration (years)
BW is the receptor body weight (kg)
LT is the lifetime of the receptor (years)
103 is a conversion factor (L/cm3)

365 is a conversion factor (days/year)

This approach is based on the assumption that ground-water contaminants are
present in dilute form and that percutaneous penetration is controlled by the
absorption of water through the skin. The permeability constant was specified as

0.0008 cm/hr (USEPA, December 1989). Skin surface areas available for contact was
set as 19,400cm 2, 14,900cm 2, and 7,280cm 2, for male adults, adolescents, and

children, respectively (USEPA, December 1989). The exposure time was specified as
0.2 hr/day for all three receptor groups. Exposure frequencies were set as
365days/year. The exposure duration and lifetime were specified as 70 years for

adult receptors. Body weights were set as follows: adults--70 kg; adolescents--35 kg;
children--10 kg.

4
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Incidental Ingestion of Surface Soil

It is remotely possible that base personnel may be exposed through incidental
ingestion of surface soil. Exposures through this route are expected to occur on an
infrequent basis, but could arise as a result of hand-to-mouth contact during
activities such as landscaping or mowing. Intakes through this route were estimated
using the following expression (USEPA, December 1989):

IEX = CxlRxEFxED/BW/LT/365/106

Where:

IEX is the ingestional expos-i dose (mg/kg/day)
C is the concentratior e- tne contaminant in soil (mg/kg)
IR is the soil ingestiun rate (mg/event)
EF is the exposure frequency (events/yr)
ED is the exposure duration (yrs)
BW is the receptor body weight (kg)
LT is the receptor lifetime (yrs)
365 is a conversion factor (days/yr)
106 is a conversion factor (mg/kg)

An ingestion rate of 10mg/event was assumed for adult receptors. This value is
one-tenth of the daily ingestion rate reported by the USEPA (USEPA,
December 1989) and has been used, since such exposures are expected to occur over
brief time intervals. An exposure frequency of 12 events/year (i.e., once per month)
was specified. An exposure duration of 40 years was assumed for civilian base
personnel. A body weight of 70 kg was be used.

Dermal Contact With Surface Soil

Direct jermal contact with surface soil could occur in the same manner as previously
discussed with respect to incidental ingestion. Exposures through this route will be
characterized as follows:

DEX = CxSAxAFxABSxEFxED/BW/AT/LT/106
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Where:

DEX is the absorbed dose (mg/kg/day)
C is the concentration of the contaminant in soil (mg/kg)
SA is the exposed skin area (cm 2/day)
AF is the soil to skin adherence factor (mg/cm 2)

ABS is the absorption factor (dimensionless)
EF is the exposure frequency (days/yr)
ED is the exposure duration (yrs)
BW is the receptor body weight (kg)
AT is the averaging time (days/year)

LT is the lifetime (yrs)
106 is a conversion factor (mg/kg)

The exposed skin area was set as 2,948 cm2/day (Schaum, November 1984). This is the
exposed surface area of adults wearing short-sleeved, open-necked shirts, pants,
shoes, and no gloves or hat. The soil adherence factor was set as 1.45 mg/cm2 (EPA,
December 1989). Absorption factors were set as follows: volatiles--0.10,
semivolatiles and pesticides--0.05, metals--0.0. These factors account for resistance
to mass transfer from the soil to the skin surface as well as to transport through the
skin. These are considered reasonable estimates, since studies have shown that less
than 10 percent of most chemical substances are percutaneously absorbed even
upon topical administration (Feldman and Mailbach, 1970; USEPA, May 1986).

The exposure frequency was set as 12 days/year. The exposure duration was set as
40 years (working lifetime at the facility). The receptor body weight was set as
70 kg; the averaging time, 365 days; and the receptor lifetime, 70 years.

Inhalation of Fugitive Dust

Although the emission of fugitive dust is impeded by the presence of cover materials
t (i.e, concrete and asphalt) and vegetation, this is considered a potential contaminant

release mechanism and exposure pathway. Fugitive dust emissions, dispersion, and
downwind concentrations were characterized using a particulate emission model
developed by the USEPA (Cowherd et al.,1984). The model output is contingent

4
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upon input parameters including the area of the source, the quantity of erodible

material, mean wind speed, vegetative cover factors and Thornthwaite's

precipitation/evaporation index, etc. Details regarding the emission model are

included in Appendix F. Values of the various input parameters were determined

from the literature (Cowherd et al., 1984). Inhalational exposures were

characterized using the following expression (USEPA, December 1989):

IEX = CxlRxETxEFxED/BW/LT/365

Where:

IEX is the inhalational dose (mg/kg/day)

C is the concentration of the contaminant in air (mg/m 3)

IR is the inhalation rate (m3/hr)

ET is the exposure time (hrs/day)

EF is the exposure frequency (days/yr)

ED is the exposure duration (yrs)

BW is the receptor body weight (kg)

LT is the lifetime (yrs)

365 is a conversion factor (days/yr)

Potential receptors through this route include persons residing just beyond the

perimeter of the base. It was assumed that such individuals could be exposed on a
frequent basis and adult, adolescent, and child exposures were considered.

Inhalation rates were specified as 20 m3/day (0.83 m3/hr), 10 m3/day (0.42 m3/hr), and

3m 3/day (0.12 m3/hr), for adults, adolescents, and children, respectively. The

exposure time was specified as 24 hours/day, since it was assumed that dust was

present both inside and outside domiciles. The exposure frequency was set as

312 days/year (6days/week) to account for times when receptors are outside the

exposure zone. The exposure duration was specified as 70 years (worst-case).
Receptor body weights were set as follows: adults--70 kg, adolescents--35 kg,

children--10 kg. Lifetimes were assumed to be 70 years. Additional input

parameters specific to the emission modeling effort are provided in Appendix E.
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4.4.4 Exposure Assessment Summary

Exposures through potable use of ground water, dermal contact with surface soil,

incidental ingestion of surface soil, and inhalation of fugitive dust were considered.
Two distinct receptor groups have been identified: onsite receptors (base personnel)

and offsite receptors (local residents). Adults constitute the primary onsite

receptors. Offsite exposures were considered for adults, adolescents, and children.

Table 4-9 provides a synopsis of the various exposure routes and pertinent

assumptions identified in the preceding text.

4.5 RISK CHARACTERIZATION

Potential human health risks resulting from the exposure routes outlined in

Section 4.4.3 (Exposure Assessment) are characterized on a quantitative basis in this

section. Quantitative risk estimates are generated based on risk assessment methods

outlined in USEPA guidance (USEPA, December 1989). Noncarcinogenic risk

estimates are presented in the form of Hazard Quotients and Hazard Indices that are
determined through comparison of estimated doses with published Reference

Doses. Incremental cancer risk estimates are provided in the form of dimensionless

probabilities based on published Cancer Slope Factors and time-weighted average

doses. Section 4.5.1 summarizes the estimated human intakes (doses) for each of the

exposure routes. Section 4.5.2 summarizes the results of the noncarcinogenic risk

assessment. Carcinogenic risk estimates are provided in Section 4.5.3. Section 4.5.4

contrasts observed ground-water concentrations with applicable standards or

guidelines.

4.5.1 Dose Estimates

Estimated intakes were developed for each of the specific exposure routes discussed
previously. Complete calculations and methods are provided in Appendix F.

Table 4-10 summarizes the estimated intakes (doses) for the routine domestic use of

onsite ground water by local residents. Table 4-1 1 summarizes the doses based on a

scenario that includes leachate generation from contaminated soil with subsequent

dilution in the water table aquifer.
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Table 4-12 presents the estimated doses associated with inhalation of fugitive dust
by offsite receptors. Estimated doses from dermal contact and incidental ingestion
of surface soils by onsite receptors are provided in Table 4-13.

Each table presents the average annual doses for each receptor. The average annual
doses are used to calculate noncarcinogenic health risks. To calculate lifetime
incremental cancer risks, a time weighting factor is used, as explained in
Section 4.4.3. The time weighting factor consists of an exposure duration as part of a
lifetime. For onsite receptors this factor is 40 yr/70 yr, which is a conservative
assumption for a career employee. For offsite receptors, this is 70 yr/70 yr, or
alternatively 1.0 (an entire lifetime).

4.'.2 Noncarcinogenic Risk Assessment

Noncarcinogenic risk is assessed using the concept of Hazard Quotients and Hazard
Indices. The Hazard Quotient is the ratio of the estimated dose and the Reference
Dose for a selected indicator chemical, as follows.

Hazard Quotient = Dose/Reference Dose

A Hazard Index is generated by summing the individual Hazard Quotients for the
chemicals of concern. If the value of the Hazard Index exceeds unity (1.0), there is a
potential noncarcinogenic health risk associated with exposure to that particular
chemical mixture (USEPA, September 1986). The Hazard Index is not a mathematical
prediction of the severity of toxic effects; it is simply a numerical indicator of the
possihi'ty of the occurrence of noncarcinogenic (threshold) effects. If the ratio of
the dose and the Reference Dose for a selected chemical exceeds unity, it is likely
that noncarcinogenic effects would occur as a result of the exposure.

Tables 4-14 and 4-15 summarize the Hazard Quotients associated with domestic use
of onsite ground water and ground water affected by leachate, respectively. The
results presented in these tables may be considered to be conservative estimates, for
the following reasons:

0 The Hazard Quotients are based on the maximum detected or predicted
ground-water concentrations.
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0 The exposure scenario assumes that the contaminant concentrations
observed on site will migrate to an offsite/offbase receptor location with no
further dilution or attenuation.

Even under these conservative assumptions, no Hazard Index exceeds unity. The
maximum estimated Hazard Index (0.10) is for small children under the leaching
scenario. Under current site conditions, therefore, potential receptors are not
expected to incur an unacceptable noncarcinogenic health risk as a result of the
routine domestic use of ground water (even if a potable water well were installed in
close proximity to the sites).

Table 4-16 presents a summary of Hazard Quotients and Hazard Indices for exposure
of offsite residents to fugitive dust emissions. The maximum Hazard Indices for the
landfill (2.8 x 10-4) and the POL Storage Area (7.5 x 10-9) are well below unity,
indicating that fugitive dust emissions would be unlikely to cause any adverse
noncarcinogenic health effects under a relatively steady exposure scenario.

Table 4-17 presents Hazard Quotients and Hazard Indices for periodic exposures to
surface soils by base personnel (adults only). Incidental ingestion of site soils under
the scenario defined in Sections 4.3 and 4.4 results in a Hazard Index of 1.1 x 10-3 at
the landfill and 4.5 x 10-8 at the POL Storage Area. Dermal contact results in Hazard
Indices of 6.7 x 10-6 (the Former Base Landfill) and 1.1 x 10-6 (the POL Storage Area).
This shows that there is little possibility of base personnel suffering adverse health
impacts after periodic exposure.

4.5.3 Carcinogenic Risk Assessment

Incremental cancer risk estimates were generated for each of the exposure pathways
using the estimated doses and published Cancer Slope Factors, as follows:

Risk = Dose x CSF

The risk determined using this expression is a unitless expression of an individual's
likelihood of developing cancer as a result of exposure to carcinogenic chemicals. An
incremental cancer risk of 1 x 10-6 indicates that the exposed receptor has a
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1 in 1 million chance of developing cancer after a lifetime of exposure. Alternately,

such a risk may be interpreted as representing one additional case of cancer in an

exposed population of 1 million people. Cancer risks based on Cancer Slope Factors
should be recognized as upper-limit estimates. Cancer Slope Factors (CSFs) are the

upper 95 percent confidence limit of a dose-response curve generally derived from

animal studies. Actual human risk, while not identifiable, is not expected to exceed

the upper limit based on CSFs, and, in fact, may be much lower.

Based on the revised National Contingency Plan [40 CFR 300.430 (e)], the range of
excess individual lifetime cancer risk used as cleanup goals for Superfund Sites is

between 10-4 (1 in 10,000) to 10-6 (1 in 1,000,000). Site-specific cleanup standards
are based on reasonable worst-case exposure scenarios.

Table4-18 presents a summary of the incremental cancer risks for the potential

domestic use of contaminated ground water affected by leachate (no carcinogens
were detected in actual ground-water samples at either site). The risk at the Former
Base Landfill is 3.2 x 10-5, for oral, dermal and inhalational exposures combined, and
at the POL Storage Area the risk is estimated to be 6.8 x 10-6, based on the
conservative assumptions discussed earlier. The primary contributors to these risks
are benzo(a)pyrene at the landfill and methylene chloride at the POL Storage Area.
However, considering that at least 50 years will elapse before the first contaminant
could reach a receptor well 1 mile downgradient of the base, the risks presented
above are currently of little concern. Furthermore, since attenuation mechanisms
such as adsorption, molecular diffusion, and hydrodynamic dispersion will act
between the source and potential receptor wells, it is considered unlikely that either
site poses a threat to downgradient wells.

Table 4-19 presents a summary of incremental cancer risks from potential exposure

to fugitive dust emissions. The lifetime incremental cancer risks resulting from
exposure to fugitive dust emissions from the landfill is 7.2 x 10-7, which is primarily
attributable to the presence of arsenic and benzo(a)pyrene in the surface soil of the

eastern portion of the landfill. However, it should be noted that, at the present
time, USEPA considers it inappropriate to perform a quantitative carcinogenic risk
assessment on benzo(a)pyrene or other PAHs. In addition, the concentrations of
PAHs found in these surface soils are well within the range of concentrations
reported in developed areas.
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Table 4-20 summarizes estimated incremental cancer risks associated with periodic
employee exposure to onsite surface soils. The risks at the Former Base Landfill,
again, are primarily associated with the presence of benzo(a)pyrene in the eastern
portion of the landfill. However, the total risk for both the ingestion and dermal
contact scenarios is 1.5x 10-6. These scenarios used the maximum contaminant
concentrations in an effort to be conservative, and this resulted in a risk well within
the "acceptable" risk range (10- 4 to 10-6). The potential carcinogenic risk associated

with onsite exposures to soils at the POL Storage Area are much lower (6.1 x 10-10),
and is attributable to the presence of benzene.

In conclusion, no significant noncarcinogenic or carcinogenic risks appear to exist
based on the available data and the exposure scenarios considered. All risks, even
under the relatively conservative scenarios used, fall within or below the USEPA
range of acceptable risks (10-4 to 10-6).

4.5.4 Comparison of Ground-Water Data with Standards/Guidelines

Comparison of the maximum observed ground-water concentrations (Table 4-2)
with the final Maximum Contaminant Levels (MCLs) presented in Table 4-8 reveals
that no constituents exceed applicable regulatory criteria. However, lead, which was
detected at a maximum concentration of 10.6 tig/L, exceeds the proposed MCL of
5 jig/L, and styrene, which was detected at a maximum concentration of 10 pg/L,
exceeds a proposed MCL of 5 ug/L. However, the 5 lig/L standard for styrene is based
on a carcinogenicity classification of B2, while a standard of 100 4g/L has been
proposed if styrene is a Class C carcinogen. This issue has not yet been resolved by
the USEPA. No metals were detected at concentrations that exceed Primary Drinking
Water Standards (Table 4-5).

No contaminants were detected in ground water at the POL Storage Area that
exceeded Drinking Water Health Advisories (Table 4-8).
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TABLE 4-2

CHEMICALS OF CONCERN
FORMER BASE LANDFILL
ELLINGTON FIELD (ANG)

HOUSTON, TEXAS

Medium Chemicals of Concern

Soil * Butylbenzylphthalate

" Benzo(a)anthracene

" Benzo(b)fluoranthene

* Benzo(k)fluoranthene

* Benzo(a)pyrene

" lndeno(1,2,3-cd)pyrene

* Naphthalene

" 4,4'-DDT

" Arsenic

" Lead

* Mercury

16 Zinc
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TABLE 4-3

CHEMICALS OF CONCERN
POL STORAGE AREA

ELLINGTON FIELD (ANG)
HOUSTON, TEXAS

Medium Chemicals of Concern

Soil 0 Acetone

9 2-Butanone

* Benzene

9 Ethylbenzene

* Total xylenes

0 Styrene

e Chlorobenzene

e Methylene chloride

Ground Water e Ethylbenzene

* Chlorobenzene

e Total xylenes

* Styrene
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TABLE 4-4

MAXIMUM GROUND-WATER CONCENTRATIONS

Former Base P01
Chemical Landfill Storage Area

_____________________(IgIL)* (jig/L)

Ethylbenzene ND (5) 6
Chlorobenzene ND (5) 6
TotaliXylenes ND (5) 23
Styrene ND (5) 10
Alpha-BHC 0.037 NA
Methoxychlor 0.022 NA
Aluminum 2,910 NA
Barium 517 NA
BerylIlium 1.3 NA
Calcium 176,000 NA
Chromium 7.9 NA
Iron 3,710 NA
Lead 10.6 NA
Manganese 498 NA
Nickel 12.1 NA
Vanadium 10.8 NA
Petroleum Hydrocarbons 0.9 ND (0.2)
(mg/L)__ _ _ _ _ _ _ __ _ _ _ _ _ _

ND Notcdetected.
NA Not analyzed.

* Where not detected, method detection limit shown in
parentheses.
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TABLE 4-5

SITE GROUND-WATER AND BACKGROUND INORGANIC CONCENTRATIONS
FORMER BASE LANDFILL

Maximum Site Background Primary or

Chemical Ground-Water Ground-Water Secondary Drinking
Concentrations( 2) Concentrations( 3) Water Regulations( 4)

(pg/L) (ug/L) (ug/L)

Aluminum 2,910 <5.0-1,000 NA

Arsenic ND (1.1) < 1.0-30 50

Barium 517 10-500 1,000

Beryllium 1.3 <10 NA

Cadmium ND (3.3) < 1.0 10

Calcium 176,000 1,000-150,000 NA

Chromium 7.9 < 1-5.0 50

Cobalt ND (6.5) <10 NA

Copper ND (6.9) < 1.0-30 1,000/1,300(5)

Iron 3,710 10-10,000 300

Lead 10.6 <15 50/5(5)

Magnesium ND (270) 1,000-50,000 NA

Manganese 498 < 1.0-1,000 50

Mercury ND (0.1) < 1.0 2

Nickel 12.1 < 10-50 NA

Potassium ND (94.2) 1,000-10,000 NA

Selenium ND (1.7) < 1.0-10 10

Silver ND (6.9) < 5.0 50

Sodium ND (500) 500-120,000 NA

Vanadium 10.8 < 1.0-10 NA

Zinc ND (2.0) < 10-2,000 5,000

(1) Ground-water samples at the POL Storage Area were not analyzed for metals.
(2) Maximum concentration detected in all samples obtained in January 1990.
(3) Dragun, 1988.
(4) 40 CFR 141 and 143.
(5) Proposed Maximum Contaminant Level (EPA, August 18, 1988).
ND Not detected above the detection limit shown.
NA Not available.
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TABLE 4-6

MAXIMUM SOIL CONCENTRATIONS

Former Base Landfill POL Storage Area

Chemical Surface Subsurface Subsurface Subsurface
(jig/kg) (jig/kg) (0-2 feet) (>2 feet)

(jig/kg) (jig/kg)

Acetone ND ND 250 ND

2-Butanone ND ND 41 ND

4-Methyl-2-pentanone ND ND ND 4

Benzene ND ND 180 ND

Ethylbenzene ND ND 210 13,000

Total xylenes ND ND 240 12

Styrene ND ND ND 5

Chlorobenzene ND ND ND 1

Methylene chloride ND ND ND 6,100

1,2-Dichloropropane ND ND ND 1

B utyl benzyl phtha late 290* ND ND ND

Acenaphthene 400* ND ND ND

Anthracene 810* ND ND ND

Benzo(a)anthracene 2,350* ND ND ND

Benzo(b)fluoranthene 1,800* ND ND ND

Benzo(k)fluoranthene 1,850* ND ND ND

Benzo(a)pyrene 2,000* ND ND ND

Chrysene 2,250* ND ND ND

Fluoranthene 4,350* ND ND ND

Fluorene 410* ND ND ND

ND Not detected.
NA Not analyzed.

* Average of two duplicate samples using one-half the detection limit for
non-detects.
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TABLE 4-6 (CONTINUED)
MAXIMUM SOIL CONCENTRATIONS
PAGE TWO OF THREE

Former Base Landfill POL Storage Area

Chemical Surface Subsurface Subsurface Subsurface
(jig/kg) (pg/kg) (0-2 feet) (> 2 feet)

(jg/kg) (uIg/kg)

Indeno(1,2,3-cd)pyrene 930* ND ND ND

Naphthalene 180* ND ND 200

2-Methylnaphthalene ND ND ND 640

Phenanthrene 3,250* ND ND ND

Pyrene 3,550* ND ND ND

Dibenzofuran 200* ND ND ND

Phenol ND 22 ND ND

4,4'-DDT 10 ND NA NA

4,4'-DDD 11 ND NA NA

4,4'-DDE 12 ND NA NA

Heptachlor ND 21 NA NA

Aluminum 11,000* 9,590 NA NA

Arsenic 32.4* 5.0 NA NA

Barium 302 136 NA NA

Beryllium ND 0.90 NA NA

Calcium 39,900 38,000 NA NA

Chromium 16.0 10.1 NA NA

Cobalt ND 22.0 NA NA

Copper ND 8.9 NA NA

Iron 8,960* 16,000 NA NA

ND Not detected.
NA Not analyzed.
* Average of two duplicate samples using one-half the detection limit for

non-detects.
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TABLE 4-6 (CONTINUED)
MAXIMUM SOIL CONCENTRATIONS
PAGE THREE OF THREE

Former Base Landfill POL Storage Area

Chemical Surface Subsurface Subsurface Subsurface
(jig/kg) (ig/kg) (0-2 feet) (>2 feet)

(jig/kg) (pjg/kg)

Lead 141 15.8 NA NA

Magnesium 2,720 3,460 NA NA

Manganese 152 540 NA NA

Mercury 0.19 0.34 NA NA

Nickel ND 16.2 NA NA

Potassium 750 1,400 NA NA

Sodium 253 ND NA NA

Vanadium ND 20.9 NA NA

Zinc 180 29.0 NA NA

Petroleum Hydrocarbons ND ND 132 99

ND Not detected.
NA Not analyzed.
* Average of two duplicate samples using one-half the detection limit for

non-detects.
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TABLE 4-9

EXPOSURE ASSESSMENT SUMMARY(1)

Exposure Route Input Parameters

POTABLE USE OF GROUND WATER - OFFSITE (LOCAL RESIDENTS)

Ingestion Ingestion Rate: Adults: 2 L/dayAdolescents: 1.5 L/day
Children: 1 .0 Lday

Exposure Frequency: 365 days/year

Exposure Duration:(2) Adults: 70 years i

Lifetime:(2) Adults: 70 years

Body Weight: Adults: 70 kg
Adolescents: 35 kg
Children: 10 kg

Inhalation( 3) Inhalation Rate: Adults: 14 L/min
Adolescents: 11 L/min

Exposure Frequency: 1/day

Exposure Duration: Adults: 70 years

Lifetime: Adults: 70 years

Body Weight: Adults: 70 kg
Adolescents: 35 kg

Dermal Absorption Permeability Constant: 0.0008 cm/hr

Skin Surface Area: Adults: 19,400 cm 2

Adolescents: 14,900 cm 2

Children: 7,280 cm 2

Exposure Time: 0.25 hr/day

Exposure Frequency: 365 days/year

Exposure Duration: Adults: 70 years

Lifetime: Adults: 70 years

Body Weight: Adults: 70 kg
Adolescents: 35 kg
Children: 10 kg

(1) See text for parameter references.
(2) Exposure and lifetime terms for long-term (lifetime or working

lifetime) risk estimates only (adults) for all exposure routes.
(3) Children not exposed through shower/inhalation route.
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TABLE 4-9 (CONTINUED)
EXPOSURE ASSESSMENT SUMMARY(I)
PAGE TWO OF TWO

IExposure Route [ Input Parameters

SURFACE SOIL - OFFSITE (LOCAL RESIDENTS)

Inhalation of Inhalation Rate: Adults: 0.83 m3/hr
Fugitive Dust Adolescents: 0.43 m3/hr

Children: 0.12 m3/hr

Exposure Time: 24 hours/day

Exposure Frequency: 312 days/year

Exposure Duration: 70 years

Lifetime: 70 years

Body Weight: Adults: 70 kg
Adolescent: 35 kg
Children: 10 kg

SURFACE SOIL - ONSITE (BASE PERSONNEL)

Incidental Ingestion Ingestion Rate: 10 mg/event
of Surface Soil Exposure Frequency: 12 events/year

Exposure Duration: 40 years

Lifetime: 70 years

Body Weight: 70 kg

Dermal Contact Skin Surface Area: 2,948 cm 2

With Surface Soil Soil Adherence Factor: 1.45 mg/cm 2

Absorption Factor: Volatiles: 0.10
Semivolatiles: 0.05
Pesticides: 0.05
Metals 0

Exposure Frequency: 12 days/year

Exposure Duration: 40 years

Lifetime: 70 years

Body Weight: 70 kg

(1) See text for parameter references.
(2) Exposure and lifetime terms for long-term (lifetime or working lifetime)

risk estimates only (adults) for all exposure routes.
(3) Children not exposed through shower/inhalation route.
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TABLE 4-10

DOSE ESTI MATE S-OFFSITE RECEPTORS
DOMESTIC USE OF GROUND WATER

P01 STORAGE AREA

Dose Estimate (mg/kg/day)(l)

Chemical Ingestion and Dermal Absorption Inhalation

Adult Youth Child Adult Youth

Ethylbenzene 1.7 x 10-4 2.6 x 10-4 6.0Ox 10-4 7.4 x 10-5 1.2 x 10-4

Xylenes 6.6 x 10-4 9.9 X 10-4 2.3 x 10-3 2.8 x 10-4 4.4 x 10-4

Styrene 2.9 x10-4  4.3 x10-4  1.Oxl10-3  1.2 x10-4  1.9 X10-4

[Chlorobenzene 1.7 x 10-4 2.6 x 10-4 6.0Ox 10-4 7.1 x 10-5 1. 1 X 10-4

(1) Calculations provided in Appendix E.
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TABLE 4-14

HAZARD QUOTIENTS-OFFSITE RECEPTORS
DOMESTIC USE OF GROUND WATER

P01 STORAGE AREA

Hazard Quotient(l)

Chemical Ingestion and Dermal Absorption Inhalation

Adult Youth Child Adult Youth

Ethylbenzene 1.7 x 10-3 2.6 x 10-3 6.0Ox 10-3 --

Xyienes 3.3 x 10-4 4.9 x 10-4 1.1 x 10-3 7.0Ox 10-4 1.1x 10-3
Styrene 1.4 x10-3  2.lxl10-3  5.Oxl10-3  

--

Chlorobenzene 5.7 x 10-3 8.6 x 10-3 2.0Ox 10-2 1.4 x 10-2 2.2 x 10-2

Total (Hazard 9.2 x 10-3 1.4 x 10-2 3.2 x 10-2 1.5 x 10-2 2.3 x 10-2
Index)IIIII

(1) Calculations provided in Appendix E.

-- No reference dose available for this route of exposure.
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TABLE 4-18

INCREMENTAL CANCER RISKS-OFFSITE RECEPTORS (ADULTS)
DOMESTIC USE OF GROUND WATER (BASED ON SOIL CONCENTRATIONS)

POL STORAGE AREA

Former Base Landfill POL Storage Area
Incremental Cancer Incremental Cancer

MAOk() Risk(1)

Chemical Ingestion Ingestion
and Inhalation and Inhalation

Dermal Dermal
Absorption Absorption

Acetone NA NA --

2-Butanone NA NA --

Benzene NA NA 1.OXlO- 7  4.9x 10-8

Ethylbenzene NA NA --

Xylenes NA NA --

Styrene NA NA --

Chlorobenzene NA NA -- -

Methylene Chloride NA NA 6.70 0-6 4.7x 10-1 1

Butylbenzylphthalate - ND ND

Benzo(a)anthracene 4.5x 10-7  3.9x10-10 N D N D

Benzo(b)fluoranthene 3.2x 10-6  3.Ox1O-8  N D N D

Benzo(k)fluoranthene 1.8x10-6  4.6x 10-8  N D N D

Benzo(a)pyrene 2.7010-5  1.Ox1O- 8  ND N D

I ndeno(1,2,3 -cd) pyrene 1.3010-7  6.6010- 12  ND N D
Naphthalenie -- -----

4,4'-DDT 2.5x 10-8  4.7x00- 10  NA NA

Total Risk 3.2x10-5  8.7x 10-8 6.8x10-6  4.90 0-8

(1) Calculations provided in Appendix E.
ND Not detected.
NA Not analyzed

-- No cancer slope factor available for this route of exposure.
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TABLE 4-19

INCREMENTAL CANCER RISKS - OFFSITE RECEPTORS(2)

FUGITIVE DUST EMISSIONS

Former Base Landfill POL Storage Area
Incremental Incremental Cancer

Chemical Cancer Risk(l) Risk(1)

Adult Adult

Acetone NA -

2-B utanone NA -

Benzene NA 7.9010-12

Ethylbenzene NA -

Xylenes NA -

Styrene NA ND
Chlorobenzene NA ND
Methylene Chloride NA ND
Butylbenzylphthalate -- ND
Benzo(a)anthracene 8.Ox1O-10 ND
Benzo(b)fluoranthene 3.7x 10-9  ND
Benzo(k)fluoranthene 3.2x10-9  ND
Benzo(a)pyrene 5.2010-8  ND
Indeno(1,2,3-cd)pyrene 4.2x10-10  ND
Naphthalene -- ND

4,4'-DDT 8.3x10-12  NA
Arsenic 6.6x 10-7  NA
Lead -- NA

Mercury -- NA

Zinc -- NA
Total Risk 7.2x 10-7  7.9010- 12

(1) Calculations provided in Appendix E.
(2) Based on maximum surface or near-surface soil concentrations.
ND Not detected.
NA Not analyzed

-- No cancer slope factor available for this route of exposure.
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5.0 SUMMARY AND CONCLUSIONS

The following sections summarize the results of the SI and present conclusions and

recommendations for further actions. A meeting was held at Ellington Field (ANG)

on October 3, 1990 to review comments on the draft SI Report from regulatory

agencies involved with the SI activities. Minutes from the meeting are provided in

Appendix G. Also contained in Appendix G is a letter from the National Guard

Bureau to the Texas Water Commission (TWC) advising them of the meeting

outcome and requesting comments on the SI Report, as a TWC representative was

not present at the review meeting.

5.1 FORMER BASE LANDFILL

5.1.1 Summary

A geophysical survey utilizing magnetometry and electromagnetic conductivity

techniques was conducted at the Former Base Landfill. The resulting data allowed

for the characterization of shallow subsurface soils and the identification of areas

where waste disposal activities had occurred. Two possible locations for the UST at

the former incinerator site were also determined.

Three distinct stratigraphic zones were identified through the soils investigation

conducted at the landfill. Zone 2, a layer of brown clayey silt and silty sand, was the

first zone of saturated sediments beneath the site with sufficient permeability to

yield ground water to a borehole during drilling. Nine subsurface soil samples and

three surface soil samples were collected during the investigation and sent to a

fixed-base laboratory for chemical analysis.

It was determined through water level measurements that the direction of ground-

water flow in shallow sediments beneath the landfill is generally to the east-

northeast, or toward the commercial sand pit adjacent to the site. Slug tests

performed at the wells installed at the site allowed for the estimation of hydraulic

conductivities of the Zone 2 sediments. Five ground-water samples were collected

and sent to a fixed-base laboratory for chemical analysis.

R-48 S--O1 6H 5-1



No volatile organic compounds were identified through laboratory analysis in soil or
ground-water samples collected from the site. Several pesticides were detected in

soils and ground water at low concentrations, and several BNAs were present in

surface soil samples. However, the analytical data does not appear to indicate a
gross contamination problem associated with disposal of wastes at the Former Base

Landfill.

5.1.2 Conclusions

A preliminary risk assessment was performed and concluded that there did not

appear to be any significant risks to human health based on the available data and

the exposure scenarios considered.

5.1.3 Recommendations

Based on the findings of the SI activities, it is recommended that a Decision
Document be prepared substantiating that no further action is necessary at the
Former Base Landfill.

5.2 POL STORAGE AREA

5.2.1 Summary

A soils investigation conducted at the POL Storage Area indicated that the soil

profile beneath the site was extremely similar to the profile beneath the Former
Base Landfill. As at the landfill, Zone 2 was the first zone to yield ground water to a

borehole during drilling. However, water level data suggest that the overlying silty

clays of Zone 1B may be saturated, but are not permeable enough to rapidly
transmit water. Twenty-three subsurface soil samples were collected and sent to a
fixed-base laboratory for chemical analysis.

Ground-water flow direction in shallow sediments beneath the site is predominantly

to the east. Estimates of hydraulic conductivity, transmissivity and seepage velocity
were calculated based on slug test results and site-specific hydrogeologic data. Four

ground-water samples were collected and sent to a fixed-base laboratory for
chemical analysis.

R-48-05-0-016H 5-2



Contamination was detected in soil samples collected from three of the borings

drilled at the POL Storage Area. The most contaminated boring, SB-13, is located
within the diked area, just west of the railroad spur. It is adjacent to a portion of the
former remediation trench ;n which petroleum hydrocarbons are known to exist in

remaining soils at levels above TWC criteria for clean closure. Another of these
borings, SB-10, was drilled through the trench backfill at tne north end of the spur.
The well installed at that location (MW-10) yielded the only ground-water sample in

which contamination was detected. Gross contamination at the POL Storage Area is
not apparent based on the results of the SI. However, samples collected from the
walls and floor of the former remediation trench prior to backfilling indicate that
petroleum hydrocarbons are present in remaining soils and fill material at
concentrations above 100 ppm (TWC criteria for clean closure).

5.2.2 Conclusions

A preliminary risk assessment was performed and concluded that there did not

appear to be any significant risks to human health based on data generated during
the SI and the exposure scenarios considered. However, the extent of soil
contamination in the immediate vicinity of the former remediation trench should be
further delineated prior to reaching a decision regarding further action at the site.
Also, there is a lack of ground-water quality and usage information for the

uppermost permeable sediments encountered at Ellington Field (ANG).

5.2.3 Recommendations

To further delineate the extent of soil contamination adjacent to the former
remediation trench, a series of soil borings should be installed along the western

edge of the concrete driveway at the POL Storage Area. If substantial contamination
exists in soils at or near the top of ground water, monitoring wells should be
installed to determine whether ground-water quality has been affected by the

vertical migration of fuel through soils. A ground-water well survey should be

conducted as part of the follow on remedial investigation tasks planned at the POL

Storage Area.

R-48-s5-0-016H 5-3



6.0 ACRONYMS

ANG - Air National Guard

BCF - Bioconcentration Factor

BHC - Benzene Hexachloride

BNA - Base Neutrals/Acid Extractables

BTEX - Benzene, Toluene, Ethylbenzene, and Xylene

CLP - Contract Laboratory Program

DDD - Dichlorodiphenyldichlorothane

DDE - DichIorodiphenvldichIoroethylene

DDT - Dichlorodiphenyltrichloroethane

DOE - Department of Energy

FID - Flame Ionization Detector

FIG - Fighter Interceptor Group

HAZWRAP - Hazardous Waste Remedial Actions Program

IRP - Installation Restoration Program

JP-4 - Jet Petroleum Number 4 Fuel

MS/MSD - Matrix Spike/Matrix Spike Duplicate

MSL - Mean Sea Level

NUS - NUS Corporation

PA - Preliminary Assessmert

PAHs - Polynuclear Aromatic Hydrocarbons

PID - Photoionization Detector

POL - Petroleum, Oils, and Lubricants

QA/QC - Quality Assurance/Quality Control

RfD - Reference Dose

SAP - Sampling and Analysis Plan

SI - Site Investigation

TAL - Target Analyte List

TCL - Target Compound List

TPH - Total Petroleum Hydrocarbons

TWC - Texas Water Commission

UST - Underground Storage Tank
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*(oof Samw__

21"ow Concentratcion_______ I
l ihCzncentra-tion _____________ 

________

77 Comoosite Samoze Data
E Grad - Composite Color IOescnation: (Sano. Cay. Dry, Maint. et. et.

Anais: Ii1~/N~

7C L l1T'.' 05 1 4LA, L,4o~~~

F __ 1 _ _ 
_ _ _



SAMPLE LOG SHEET

_'U~nurfaca Scii Case A
L- S ed'i .en z

Lacacn/Ior~d E
Cther______

Projec: Site Name 4 1% o
NUS SQ~afV No. p. 7-1igiri'A St utp J5%

Sam pie M ~tnoc:__ _ _ _ _ _ _ _ _ _ _ __ _ _ _ _ _ _ _ _ _ _ _

____________ Comncosite Sammie Data

- Samcie 7 rnme IColo r Clescrictlan

Deotri Sampie II

Sampte Oate & time: I
Samc _______ _

- Vvocf Sam ci e_______ ______ __ _______

~'Low Czncentrarion_______________ _________

,,ich~ C-ncentraTion
cGrao aci t

Comacsite 
aieDt

Ff Grac Composite Coicr Oescnction: (Sanc. Cay, Orf. Moist. Net. etc.

Anraivsis: 

540

~TC Jbserja-ucis,. No&S4

___________I4iAr f 7-

_ _ _ _ _ _ _ _ _Lab

___________________________Volume________________ LAW



SOILS
ftIUI~SAMPLE LOG SHEET

!Wiusuci'..ent Case
Lacocn/P-rd B

L~ Other______

Proiec: Site N ame R t; (A 5. lw-kAPoe ieNme
NUS Sgtwes No 1-;alAlu Location jj~.t..

Sam ~ ~se M ooSJqf$ ~t Cornoosite Samo:. Data
A06w I~ Samoie -i me I color / Descriction
Deotn Sam, ________

Sam oie Date & -Mme: lt-~tC 4o<-dfA5 k

Samor Ew.________ _ _____

i'VeVSainoje _____
2Low Czncen-trazion _______ _______________

4 i c h i C - n c e n t r a rv o n_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

0G.ra a Samute Datar-, Comoosite
f-'Grao - Composite Coiar I Oescamn (Sane, Cay. OrY. M~ist WNet. etc.)

Anamiss: TObseriations;, Notes
I- L 1 g A '1w. 1 kL-

__ _ __ _ __ _ _ 7*1bLEG10

3W TPI

7,I_ _ _ _ _ _ _

__A__ ____

___m I_ _ ____I___L__



~ N LJ~SAMPLE LOG SHEET

liSu" uface Scii Case0O
I Sec-firnt

SLacoon / Po-n 3y P-5
L C trier_____

Projec: Site Names( d Prec: Site Numoer

5USz%, a urce Location I&Ot~k@

Sampie M'etnoca01-r 54"1~ hf'I I Comoosite Samoze Data

epnSmii:Samole Tme I Coar / Descnation

Sam te Date & -ime: O VXA _ ___

~4 rIich C-rmcentraticn 
J

Czemcosite Samoie Data
Ec-'Grao - Carmaosite Color Oeicnation: (Sano. Cay. Ory, Malsz.'Net. etc.,

A naivsis: I Obse-vatcns: .Notes

Lab_ _ _ __

V~lAM ;e- "



SOILS

-IN NS SAMPLE LOG SHEET

Lacoon/P-.odBypc
SCther____

Projec: Site Name E P.~,fc(A 5,,w-jdA"rjc Site Numier A
NUS Source No.JIL oilo g5o-sA 4~t r.rA lurce Location t... t~%7~j
Sampie Method: 5'...%as, 340 Comaosite Sampie Data

Samole.d -MTme Colo0r 0 Descrtoio n
Oeptn samncie:L

Samcie Date & ime: _______ _____________________

H--q Or (0_0_1__;_!____%w

Samot Y7v __ __ __ __

Fvoe of Samote_______ ______ ___ ______

7 1Lo Can centratia i______________ _________

7- Lich Cancentration_______I_________
LGra Samcie Data

C: Composite
~'Grad'- Composite Color IOescnattat,: (Sane. Cay. Dry. Moist wet. etcJi

Anamvis: Oservations INotes

reCL W~

MtLb

Volume ,~



MONITORING WELL
-NU4S SAMPLE LOG SHEMET6

Z-1.Maoniaonng Well CataPge =

Q: Come-ic Weil Data case
0 other_________

Project Site Name~j. @ ~ I I: Project site Numoef -3 It AA
NUmScSurce No. 4ZL-00 Source Location -L011-4 AS tJ-vd

7otat Well otn: 't ~i1*-*- VOC I Purce Cata

'Nell Casing Size & DO*tri: Volum 1 m* S.C. ITema. (OC1W"6 Color & urbicitv
sa V a .,!:v Z.,0- tw I M D _______

Statti Water Levei:c., Ijj Ir.Z -X41i t.
OneCasino Volume: 94111 I I

Start Puree(hr.): Ij~ i C_ _ _ _ _ _ _ _ __ _ _ _ _ _ _ _

Endc Purce (hri.): is0 1
17orai Purce rime, min.): £ ,

~otai Amount Purcea (oai.): ZT1,7I ___________________

Monitor Reacin: I II

PuroeMthow f5 L&.IS. I II_________

O~~moietyd:',,Z . Li-1______I______
Sample Oats & Tm f Samo Oata c r

Ibr/q01615, a S.C. rorn. (a Colo Tre ii
Samolea By: ,-11g' C.

Observations iNotes:

M-'ow Conicentration

C Comaositt
E~ Grab - Composite

Anjilvsis: I Prtservative, _______ rai 'tJ"

CLvPs I 4!(. ?vafic E.~n A ~
TCc L !U I _____raq.

L N____ f__i______ i

TP __ _ _ __ __ __ __

TI u , 6w 4) '+ , -C_______________________ Dat e f e e



MOCNITORING WELL

-NUS SAMPLE LOG SE,

mrMonaltonq Well Data
CQ Domestic Weil oataCae
C Other _L__C

Project Site Namej [fAA4F:,() 5 Poject Site Numbier 347kLA CA
NUS Source No LV5qour ce LoVcnt~ 1 I--'- LC

I oul well DOomt: z*,dilt- 310-101 Purce Oata
Weil Cain Sie c ni: ?Z&F Volume I om I S.C. ITerro. (0CIl b Color &Turbiin -f-

-Zto4 Sstz 0toi7?&D~ I I A6= _____ __27_0_1_10_0__I

One Caui Volume: J;4-4vO I I I

Start Puroe(hrs.): 11'40 '~ IIi
End P'Jroe thr): 1'( 10I _______________

Total Purce Timi(min.): 4, II
Total Amount Purceo (oai.1: I I___ _____________

Monitor Reacing:___ _ i ____

Purce methea 5"5 a~ L s______ -

Same Mettiod: fS U^tAw I_______________

Neow i amoidrob -V- g -s. I

SapPat@ & rim4 Samole Data__________

I '(-/ 0 I 1 CH S.C. I Tempo. (*a pI Color & urbidirv

5iqna~re4 Obsarvaluons / Notes:

Type of Sampit Vd.4 A~T.
L Low Concentration
e CZ-ign Concentration

Grfab
C Comosite
C Grab -Composite

ct SwmAAj~ ~ ~ ~ ~~~rm Anaaegg Aisrav ________ Oq.a aq4

Lao______



MONITORING WEL'
SAIMPLE LOG SHiEEI

Pase I:
a/ "cnitanng Well Data
C: Domestic well Data Case

o thera______u

Pro~ec SiteNanie Prai.c Site 4umef? ?tt-kA

NUS Source No. Source Locin howTfCA?~ ~) 1

lotaWe~~eot: ~ _______Purce Datatotl Caing Deem D : - , Volume 1 m S I* T.f o (o ca IbO color Turbat,

One Casino Volume: gr4;& _________ ____________

Start Purce~hrisj: C3$ ___________
ind Pujrce ihr): 1 4i~ I __ _ _

I 7atai Pjrce rime imtn.): 5*rI_ _ _ __ _ _ _ _ __ _ _ _ _ _ _ _ _ _

7atai Amount Pure oI a.):t ____0

Monitor Reacing:
64 o~ 01 OVA 0_________

Purce Methooa: 5 Y ]6I (PI01______
Sarncieftecd:5 34I I I
O#owi Sarnole&dlt. A~ W.ja- 1
Sample Oat* & Timi: Samnole Data

t I'S -I)Aa .C romo. oc~ 'Do 0 olor At Turinirv
Samoiea By: -7 1 1 -V - Z14/'.. JC", VFLI 4wL.

Si~abretsA Observations i Notes:

1..A~ A4A w~ CPL& A4- vpj
ffLwConcentration

(Z Hign Concentration

%Camoosite
(3Grab - Comosite

ASIAIVIIS: I PreltrVative I________Ouqncf,~II
TCL MAC irIr atc -Rouen p.ti/ 1
TC( WA____ ?aqD 0I

crime iift__ _IVA

Lan

L Oat. VMS&"u.

4AI



MONITORING WELL

-INUS SAMPLE LOG SHEET

'/, ,MDntonng Well ata Case
M other

Projec Site Name (: . .- e Projec SiteNumber 7l1 A
NUS Source No. W(p-s) Sourca Locon ?h&-A~ e

Total Well D~Otr: L - tTBC. I _Puree Oata
Well Casing Size & Deptn: * Volume I oH I S.C. I Tome. (C]IIDO Color & Turbiditv

I ." t I <e to- __6 1 -_-_. ______._StatzcWaterLevei: t.1 LioC " i * o t su t____.____L_ _

One Casino Volume: r.I I I
Start Pure(hrs.): qz ,'' ! I I __

EndiPrce(hr.): 1015- I i I _
Total Puree rime (rmin.): S7 I I _

Total Amount Purcee (a3.: Z. _ _ _ _

Monitor Reaatng: - I

Proe, Mwitte:5.;. U (a- I I I
Samole Methqd:S.5 .- I I - I
Owat Samofed:T,, ',f W6,- I
Sai pe Oate& rlmi: Samole Oata

-- "(106oo S.C. I Tome.(O" 6 I Color & Turaoa
SamaoeI By: -.

Signatlire: Observauons i Notes:

#(A I-AS~ 44

ype af Sample

a?' ow Concentration
Fp igh Concentration

Grab
7- Composite
C Grab - Composite

Anaglgsls: P rf eeratve ___,__________________

L TC. VIAl -H ( !"qauia "arq" '
CL V I _________j iieor tq

( _ _ _ _$ _ I -

.L ___- _

__ __ I Met__ _ __'_ _ __ _ _ __ _ _ _ vm . 1 I D '1# V I 11 I I{"



I'VONITORING VIELL
SAMPLE LOG SHE=T

.Monionng Well atlaoOmesric Well Data Case * .]A
Otmer_________

Project Site NamEWo . f (A {5j1 Pro;.tct Site Numbert 97m CA
NUS Source No. Sa4 . k Source Location

7otat Weil Oeotm: t:jO SI________ Purce Data
e Asing Size & Desn: I Volume I Om S.C. I Temo. (*CIL 06 Color & Turbidit v

Static Water Level:- -ZI S I . ,o i , I
one Casino Volume: 4-4 4 1 1 ____i ____________

Start Pujrce (hrs.): _______ Il ____ __________

En PJroethrs.): (b00 i ____

7atai Purce ime im,n.): 57 _ I_ _ _,_ _

T7oat Amount Puraeo (aai.): (S _"___

__ ___r Reacting:__ __Lw.d 'D ,~ .0 a

Put- M.to a: ' L.~ . I - i, - o _________purce ~ ~ ~ a~~c -7 6;.

Dern e m wiold: 55 i IAIo . I _ _ _ _ _ _ _ _ _ _ _ _ __ _ _ _ _ _ _ _ _ _

Sa 01 ao&T i Samole Oata
_______am _IS.__ rmo. ( i 'DO 1 Color &Turiloitv

gnatret! Observations iNotes:

TYpe of Sarmpte Ar:t~1
Z, LOw Concentration

- tgn Concentration

Grab
CC moosite

Grab -Composite
A n l vi V l s : J P r r a t i v e I r n , I , a r m ,!

_R L....f1 <LIrrti

_T6 L- -W A (I I I 1 iI0III I I

___ __ __ ____________ 7

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ #_ _ _ _ _ W__ _ _ _ _ ~ A
fAL - la____ ~ e 0

V ftee" Plt A- I"A' IV



MONITORING WELL

-~J SSAMAPLE LOG HE

, ~c-nlcnnng Well Data
c: Doame-sTic 'Nell Data Case

SCt er e .vs c,

ProjecSiteNarne ni. -eio 5 Proec Site Number 3Li(

NUSSourceNo. Z70-14 Scurce Locatioln 'P 1vr!A,

rtai well Deotm: 63 ToL I Puree Oata -

Well Casing Size & Deptn: , Volume i I S.C. I Temo. (GCII1w Color & rurbsditv
1di -Z 9 1 P I ( -Z'.C 'iL

Static Water Levei: (T.i.-1 I "t,. I .23 .i 1q.1

One Casino Volume: 4-. I I
Start Pure (hrs.j: i "I .4 I
1=.nP .roe~hr.): 1t157 I_____________________________I

ToalPr1me~mn.: ao I ! I ,

7Ota Amount Puroea (cai.): I I I
Monitor 'Warng: I t I 1

PureMelhoo: 5 C~.' 1. (
Samote Method: 5.5 , I I I
Clown Samoed:7q t. A- Ir
Sa tiie Oate & Trim: j Samte Oata

I T? -? M a I S.C. romo. itC *0a Color & Turin~t
Samo By: TzIo- UP 4..'t L.RAr o
SignatLrea): Observations, Notes:

!'Low Concentrauton
eC ign Concentration

crab
E Comoosite
Z' Gra - Composite

nagvsg: I Preer~ative I _______________ Ovqwuc

C TL V j cCI ,if Wtn ___________

l~PA
I J " .........

______________ IOat. 51ooo

Jll __ __ __ __ __Imum S II ]I.wegea l$ ! /

_________________________________I ___________________________



MONITORING WELL

-~NUSSAMAPLE LOG SHE=T

Z".%ontonng Well Data
C, 00mestic well Data Case
C, Other_____

Project Site Name '~ Esuo, ctsA T _Project Site Number -3w CA
NUS Source No.. i' w o Source Location F wtg

Total Weil Oeatri: 14?.4& LT-orj Puree Oata1
WNeil Casing Size & Dett: LVolume I am4 I S.C. I Tenio. (OC~IIO CIor &Tutbgdttv

Static Water Level: 14.16f ioTOC 'Z -7*O5' I~ I ZV(A 117. S-
One Casino Volume: ~# t I ___ -- ~&
Start Purca(hrs.): (070 4"Ic 1 ____ _________

End Pjrce (h~rs.): 11 7.S' 1 _ _ _ __ _ _

Total Purc* Tme (min.): 55 1______

Total Amount Puro so (qal.): 30 I ________ ______________

Mooj4or Reacing:__ _ _ _ _ _ ___ _ _ __ _ _ _ _ _ _ _ _ I

Puree Methoa: 5S. .7, e-. ____

Samoic Method: t I_________
Oeotni Samodced: 70-, 7___________________o______I_

Sampta Dats & Time. Saanoie Oata

14134 a S.C._____ Trnmo. (*aO Color & Turbiditv

'JTOD -y /,.ox .170 z a_ .' -,.,-rw w . 1- si

S, aiurets1: Observations/I Notes:

C,4f osc'iceo( 4.(4Eq r 1< -wwT

MrLow Concentration

0 igii Concentration
Grab

Cl Comoosite
CZ Grab - Composite

40A revalfgc Roca" D U

T T Cl JA IJA~

?m1eoa FA,

______________ u ~PA



MONITORING WELL
z---' NS SAMPLE LOG SHEET

,1?,onitonng Well Oata Page I

Q] Omescw 'ell Oaa Cas JQ-

Project ite NamrvE l( Project Site Number f .(4 (
NUS Source No. L -d Source Location ?*b L A-cl

ii

Totat Well Ceomn"' -44 NN.I16C I _Purce Oata

Well Casing Size & O=tn: Volume i oH I S.C. I Temo. (6C 6 Color & Turid,tv
Z ",_ 5,e N(2 t T3 1 17_00_1 "27.5 (ItL

StaticWatert evei: t 765 " I I "  .

One Casano Volume: keZ3t . I A _-

Start Purair (hrs.): ClO10 LIP_ ____ _________

End Pirceh(hm.): tDS" t I
Iotai Puroerme imn.): [Il F I

rotal Amount Pjra (Cai.): 3( I '__ _1

Monitor Reaoing: I in_

Puroemrtihoa:SS Lei' I_______I_________________
Samoit Moietd: %' ,. L& uI

Ototn Safnoied:,__ - A I__ _ _ _ _ _ __ _ _ _ _ _ _ _ _ _ _ _ _ _ _

Sa rpwateTm. &_TmelI Samose Oata, 4- '0 (,6(g .~ S.C I o~ m T~a. (0 IM Color T, ,ic,2,7.
Samole By: vi _

ign' resI: Observationsi Notes:

___________________%e 1L.. ('{O" c+0 SA A '' '
L~ow Concentration 14 *a-c l

C] High Concentration kzwrP (5.

C composite
C (3ab - Composite

_ _nalvl:i Pweiervatlvo Orqac ,narqdi,€

TCLII #FS 1 IC L P

C L vmn,,, "7 ra €qI
_S La
___________ I ________Ioat se"o"~________

rm* . _ _ __ _ _ _ _ _ __ _ _ _ _ _ _

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

__________________________________ _________________________vo lu m e___ ____________________________________________ __________________________________________________



MONITORING WELL
N ~URS SAMPLE LOG SHE=T

Z'CIongtornng Well Cata
Oomestic Well Data Case
ot e By P ULS C VI

Projec Site Name- Bt,,4,,.. P-;oec St , num ''

NSSource No. MU-/ Source LocationWL 54" vea
7'otal Weil Deom3: * C I _Puroe Oata
'Weil Casinr size & DOtrn.b. Volume I I S.C. I Temo. (aC]I)O CoIor & Turbidity I

StatigcWaterLevei: .1,0 1C I 1 1 -7, 1 1 U1 0 i.
One Casino Volume: +-M Lelf I _ _ _ _ _ _ _ _ _
Start Purce(hrs.): t33o ,_ __z I_ ___

Sr-o P'jraeilhr%.: l'fo t________________________

Total Paure Timem r.): Vie) _ I
TOtal Amount Purcec (oai.): 3 I
Monitor Reacing: ____I__

d~JV 0, 'OVA -ni _ _ _ __ _ _ _ _ _ _

Samoie Meuiod: " I I
Oeomn Samole&:q', Samot.e -- at

Sample Oats & Tim : ISamale Oata
I [' -To I o-{" I S.C. I Tem.t 1V, Color &Turbictam

Sampled By: I7.
U L T .1

Signat rets, . Cbservationsi Notes:

I ype of Sample '''
Low Concentration

, e ign Concentration
G3rab

- Comoosite
C Grab - Composite

Anav iis: IPreservative- Orqan,€ ,ler=JE',

T-C L WA I vafic 40.on 0 N
( T oats iq isA,

Oat* i 'heos NJJ
rimeo sh_o__ 1 :

_ __ PA | (.D V., W 0.
:1 -Z rl



WELL COMPLETION FORMS

R-48-05-O-016H



--zNUS
FIELD WELL COMPLETION FORM a CHARnsr sOX

r.IJ OCCING STEEL COVER
N--'. t .A i-:ifl *. i- of^ -. , .INCH OIAMETER

.i.iA & R&.I STEELCONDUCTOR
"uGnU :ER 6 1.&,tA T~~6 CASING

WCLL I ~ qDAT' -.INCH DIAMETER
0*o LLI ,G Al : o oiPQ""" " M w [ 01 IT h OEOLE

U ENTONITE -CEMENT
12 r INCH HOLL8W STEM AUGER Z.SEAL OR

Iwausb.i S-SACK CEMENT-SANO(3 - 1NCH ROTARY WASH DELLED -SEAL
GALL-NS'OF A-ALS
USED OUNINGo DILING -2GLLN

"SET"OD Or DEcDNAMINATION z c
pRion TO DEILT.NGI im C A&iTPO CA.

~ I L.FEET 0 SOV~ AT

BELOWGROUiN LEVEL

'Ev9NODtA9.-T: O-F INCw OIAMETER
80REHOLE

8EGAN DATE:s TtwE.D~. P IFT.O TO

G SLOs TO -- , OATS. .I SC H DIEOULE40TPVC
GPMD FRM AT BLANK CASING
GP TROM TO OAT.=?-o " f

GPM FRMTO ___________ E NTON ITE -CEME T

YIELD, T.... OATS. -- j;sET~r-cE4
M FROM TO SEAL OR 0

S-SACK CEMENT-SAND
TOTAL WAT"M RE[MOVED SEAL
OUINGi OEViLOpM"NT: GALLONS f
DESCRI IPION ~f
OFP TUIDIITY {CLEAR "3SLIGHTLY CLOUDY
AT NCo o "ENTONITE PELLET
OVLOPMEN?: ( C MOO. TURBID ( VERY MUDDY lX SEAL

WATER: S.'

"ATER OGROUNO SURFACE ( TANK TRUCK
TO, CSTORM SEWERS OSTORAGE TANK -

( oRuMs (3 OTHER -Z , *4CHOIAMETE=R
OP6FN TO wATESL[O
A T6R OEVELOPMNT, .FEET-'=

_ _ _ __''.' SCREEN
MATERIALS USED

*I.~~ .2.. NCH DI AME TERSA...SCKS OF 4 a-' 4  i(IC- SAND SCHEOULE 40 PVC

~J......SACKS OF 3, T1 . CEMENT
30 GALLONS OF GROUT USED OTTOM WELL CAP

."., ~kSeO OF POWDERED BENTONI EI

U. . POUNDS OF SENTONITE PELLETS HOLEC CLEANED OUT TO

U Z FEET OF INCH PVC BLANK CASING
SOTTOM OIF EOREHOLE

...L......FEET OF I..... INCH PVC SLOTTED SCREENIf BTOOFORHL

____ YARD3 CEMINTAO mGO X) ORDERED NOT TO SCALE

"1 V CIMENT-SANO (REDJIMIXI USED ADDITIONAL INFORMATION:

CONCRETE PUMPIR USED? 01;0 C'YS

NAME OrP
WILL COVER USED: g OMING STEEL COVER

(c] mi Box



-__NUB
FIELD WELL COMPLETION FORM C HIT o

Joe 0 1f LOCING STEEL COVER

Joe GSU:L&I,. STEEL CONDUCTOR'34, CASING

__ _ _ __ _ _ __ _ _ __ _ _ __ _ _ __ _ _ __ _ _ __ _ _ 1111EHOLE

03eLLaM i AIR IC DAEE

IUUSA.S3f. ENTONITEZEMWENT
:NCHgu Ha A STEM AGER TV SEAL OR

C..~...."owns SN4RTRYWS SACK ClMENTIANO
......OT~tvAS -75' ~ SEAL

WacoOURIG O~l~ute.GALLONS
wT@CO 0CONTAIIIIAmTa

40i M TOP OF CASING AT
*WSO 0 OUSL.LR! ZIL FEET46j6jV ) AT

OEVELOPNENT Se L~ f~A.OOAEA EO~~G~jOEE

c :v cLopmulicy. 1. :,14 DIAMETR
~EWELO~m~my OREM~OLE

296A ft AVIZ 'umg4 I
ThL; ims, CATC.

GPM IFROM To I zNCH DIAMETER
GPML D ATE. .2... L:!.f.LeC

YIELD, PROMBLANK CASING

Ms SENTONITE.CCUIET
DATC& SEAL OR

G_________________________ P -FT S-SACK CEMENT-SAND
TOTAL, WAYEN 09MOV410 SEAL
oUNINsp 059V6.0oFM5NT, GALLONS 0 *OJ. 11 e

0oV vUR41mowT (CLEAN O3SLIGHTLY CLOUDY ~NOIEPLE
OCV5LPMUUI '~ SEAL13 moo. rURBID ( VERY MUDDY

1000 OPC. -* o

(3ATES ~ QOONSURFACE (3TANK TRUCK SAND PAA
0: (sTORUsEyn pi OTORAGE TANK

CORUlMS (3OTH FR -'-~ NCH OfAME TEq
05~ v 0 To ~ew j;LT!0? 41AVTUSO596V5L@9M551 FEET I.s.SCREjN

MIATERIALS USED I
* ~~~~3 N4.L.....-I~C1 01AME TER

...... SACKS OF TON'O 4-1At AN SCH4EDULE 40PVC
SAK pTA rEINO 8LANK VLT TRAP

I o GALLONS OF GVOUT USED SOTTOM WELL CAP

POUNDS OFBNOIEPELLETS '4L LANED OUT TO

?.O FLIPTOP I..INC" PVC BLANK CASING

I0 FEET OF -INH PV SLOTE SCREEN 90TTOM Of BOREHOLE

YARO' CIPAGNT49ANO 101101MIXI ORDERED NOT TO SCALE

f*OCOMANT.SANO 104ED.IXI USED ADDITIONAL INFORMATION:

CONCRETE PUMPER USBD? 64 OVIS
NAME ______________ A________

YVSLL COVER USED: 16=11113ST1EEL COVER
03mi BoxIY 0



-- ,NUB
FIELD WELL COMPLETION FORM C3 CHRISTY BOX

I CIN SEL COVEN

'COPOEt. STEEL CONDUCTOR'....?bIt' MiSGR:~. CASING

NOATS INCHJ~ DIAMETER
______________________n ___ BOREHOLE

£SumpMmT: - EN1ONiTU.CEMENT
0ilf' !NCH HOLL8W STEM AUGER TI " SEAL Oft

(3...._. INCH ROTARY WASH SEACLCdNTSN

GALLON OP~ WLAR GALLONS

*to*E TO OWILLING18. &.,Qd * TOP OF CASING AT

OEVELOPMENT (<,efLAIOLIf"~~8LWNONLVL

-ETI400P-NC OIAhETER I~EVL~pinN30SOEHOLIE
BEGAN OATE,: ros TI16;CAS;w

19Lfl: IME.p~ OA1T2ENH IIIECPMLO IR TosMA SCHEOULE 40 PVC
yIELD tim. SAT: IBLANK CASING

YIELOA Tfula OATE: .0:1
GPM FPROM TO I KS--rENT0NSTECMENT

MIeL.S: TIME.9 CATS. SEAL ON
ipm I FROM TO I ESACK CEMENT-SANO

?OVAL. WATER0 REMOV9S SEAL
OuRINGe cEVELOPMENT! GALLONS

.P TURUsiTly 13CLEAR O3SLIONTLY CLOUDY 9NO~EPLEAT ENSo OP 0ETNT!PL
0EVELQO'AENT: I O.TRI ~ VR d Y. SEAL

WTR OGROUNO SURFACE SAKTCKPAC4
CSTORm SEwEiS C3 TORAGE TANK

QEPvT To WAT9R ,. LOT-SO .IAfTERa OCVEL@PMNTf FEET I''SRE
MATERIALS USED at

- a BLANfC SILT TMAP.

I ______GALLONS OF GROUT USED BOTTOM WILL CAP

SAC"E OF PowDEREDsi ENroNS TEIPOUNDS Or UENTONI TE PELLET 14OLE CLEANEID OUT TO

*~FETO O....IIICH PVC BLANK CASINGI

....kL.... FEETOP .. INCH PVCSLOTTEO SCREEN SOTTOM OF SOREHOLE

___ _YAPIO4 CEMENT-SANO IRNEOI-dSXI ORDERED NOT TO SCALEI ..... CME14r-AD. IAEOI.MIXI USED ADDITIONAL INFORMATION:

cOcREYTs R USED? M/14_________3______

WELL COVEN USED. CI(OCUNG STEEL COVEN



-0NUS

FIELD WELL COMPLETION FORM (3 CHRmISTY BOX

Joed~ F-41- (, LOCZING STEEL COVER

name______________________________ .NCM DIAMETER
Joe ~ L00410&115le'a STEEL CONDUCTOR

8. GGE\w: NCH DIAMETER

MeAftes Y OREHOLE

~ = BENTONITE CEMENTr
_____:NCHHOLLSEAL OR

INCH...... HP 0 OTARY STE AUGER S =5 SACK CEM NT.SANO(3 - ICH RTARYWASHSEAL
GAL10"ll or waven

eume oun e.'.iWN4 14. :1+44 GALLONS

mal60 FOCATOSPTO1 TOP OF CASING AT

DEVELOPMlENT ('A tA vm B3E! LWGA LVE
agll"o or-- r7__NCH DIAMETER

eg v e L O P1119 10T 3 0B R E H O L E _

0DLD GM ri. IRMTO~NCH DIAMETER
ruInLD GM ims CATE; BLANK CASING

VIULOA Ci~ ATE& . fa

G PM PRZOM To - - B ENTO3NiIE4CEENT
TIU GPM me COAT9. SEAL 0R

FD ROM TO I 6-SACK CEMENTESANO

0400A" WAYBS *rueM@W6 GALLONS SA

OUSC MI """lool.P YUMG#OmVYl OCLEAR OSLIOI4TLY CLOUDY B3ENTONITE PELLE.T
AT 9141O or SEAL

(3COWET MOO. TURBID (3 VERY AUOOY a ge

0001110 -(
A T E , 

I.maven C GROUND SURF ACE C3 TANK TRUCK I SANOPAC~

faa STORM SEWERS CSTORAGE TANK -

*EpYT" TO ATED t 4  ! -E D A E E
Apivan oaL@pmENY PEET -. nSRI
MATERIALS USED *I __*L .l.

S SACKSOF 7OI AtC 11e;C4 SAND SCHEDULE 40PVC
_________________________BLANK SILT TRAP

Z SACKS OFP CEMENT luln

± GALLONS OP GROUT USED SOTTOM WILL CAP

damU OF POWDERED BINlONITE 
4L-CENDOTT

_______POUNDS or BENTONI TE PE LLETS

______FEET OF I.LNC" PVC BLANK CASING-

FEET OPt -AINCH PVC SLOTTED SCREEN BTO FBRHL

YANIR CEMEN1.SAND IRIOI-MgI ORDERED NOT TO SCALE

v4 ANI6 CEMENT."Ahn lREOIMIKXI USED ADDITIONAL IPRAIN

CONCRETE PUMPER USID? 0 t4 yES
NAM ______________ _ _ _ _ _ _ _

WELL COVER USED: ffOCXUEG STEELWCVER

CcHfim sox



--=NU49
FIELD WELL COMPLETION FORM ( HIT a

a. ~~. ~ .4 * (3 LCKING ST2EL COVER

JoeS PossuM: STEEL CONDUCTION!

MAWDAT: I*-..-.....HLDI4AMETER
Oi xL .'z 4 OREMOLE

CSUIEM? INCH HOLLSW STEM AUGER * ENTONITEZEMENT

(3_....... INcH ROTARY WASH a"olurn a ISEALKCM SN
GALLONS OF WATUR 3L.0Lri SL
45KG DURING 03LLnmuao 4 GALLONS -~ ..... m
EtMbO@ OF CIICONVAWMAVTO%UJ

"0100 TO OnILL98NO, Tor~~I OFA~.~ c

OEVELOPMENTStaFEy! O

0ZV6L0ft~oTBOREHOLE

BEGAN CAVE- TfuE:
''ELQ; IM Ga ATC.. 4-GPMIPROM TO IC IMT

PmROM ToT BLANK CASING

PIPO TO -21, Nsr cF
GPM P ROM To -t S.SACK CEMENT-SANO

GALLONSE* 9MV9 SEAL

cuscm~pto o- 1.4
ar Tu0011arrY (CCLSAR OS5LIGIITLY CLOUDY 9ENTONITE PELLETAT CM O
09VELOWM6#NY CMO.URUIO (3 VERY MAUDDY SEAL

WAVE 0,

mac CGROUNOSURFACE [3 ANK TRUCK II-SANO PA

ro (3CsTRm SEWERS C STORAGE TA NK ar I &? 1
CORUMS Q OT4E -o Of. N AME TER

O COT WAT90 FET LOT-ED._ ___

APTER OEELtoo-~ SCREENA MATERIALS USED

SACKSOF; 0140SA140 - 1 NCH4 01AME TER

SCHEOLLE 40 PVC

3_ _SA C K S_ __O F_ _ _ _ _ _ _ _ _ BLA N K SILT TR A P...L....SCK O -'CEMENT ica lt
GALLONS OF GROUT USED BOTTOM WILL CAP

4AGNS OF POW0OREO IIENTONITE :a15 .
5O POUNDS OF IIENTONITE! PELLETS %4OLE CLEANED OUT TO

~ 'FEETP OFt I..NCH PVIC BLANK CASING

to~ FEET OP 2Lt. iNCH PVC SLOTTED rp SCREEN ~~OF BOREHOLE

YARD; CEMENI4SA14 IRQOI.MIXI ORDERED NOT TO SCALEI ... L.. ,~CMN.~tOIEIMX SDADDITIONAL INFORMATION:

CONCRETE PUMPER U310? '01 13YIS

WEILL COVER USED: MIOCXING STEEL COVER



--NUS
FIELD WELL COMPLETION FORM CRSI 302iyso

- C= LOCKING STEEL COVER
Jo £ft -INCH DIAMETER

Joe 1,11"jacTSTEEL CONDUCTOR
"u"6111 1111AIIA41goo L,4,,CASING

wel. 5~*:. - ILNCH DIAMETER
'soI Icvrlto BOPEHOLE

iOUP j Sss. UVmrw0 7, ENTONITECEMENT

' NH1OLWSTEM AUGER SEAL. OR
C - INCH ROTARY WASH SEAL

GAU.&.O5e OF WATCR.0
uSgs surname1 Orn$i.Las GALLONS

PINSO TO U0011.1.414411s '.f;a~ C~t~t. TOP OF CASING AT
~w~rn o ogs~~i*. L~4~.i t 2 .FEE A

DEVELOPMENT _ *& .IlaU B -~*~ELOWGzc O'EVEL

-CC PWNYT LfNCI DIAMETER

BOREHOLE

VeLO; Tos OAT&: I.SINCH DIAMETER
armFRO TOSCHEOULE4dOPVC

VICLOS oa OATe. BLANK CASING

GPM FROM r ETO4T.CUN

VIELO. tme. GAtIA L0

TOTAL WATC* RCUOV90 4aft VAoult4L. V4c6ft
Oullift OuvL@WCINUT! GALLONS .

. u101 C3CLEAR ( SLIGHTLY CLOUDY BNOIEPLE

(3 OO. TURBID (3 VERY MAUDDY SEAL - *o.

(3catoun COO SURF ACE C2TANK TRUCK SN A

ro: OsTORm SEWERS O3STORAGE TANK I - O,~

C2ORUMS OTH FR ....... .~fN HIA- CH0 ME M
ogpyn TO MATCO 3LOT-OD I
A TgwE5S19eLO011,04Tr FEET -S ______

MATERIALS USED t of
L.... LiNCH OIAM4ETER

____SACKS OF ZL101 40.I( SAND SCH4EDULE 40 PVIC
SAK P____I _______ BLANK $I LT TRAP

SACKS OF ~CEMENT r -4fa

GALLONS OF GROUT USED BOTTOM WELL CAP

SACKS OF POWDERED IE9NTONITE 2.fc
POUNDS Of SENTONI TE PELLETS '4OLC CLEANED OUT TO

'1' FEET OF(UZ INC" PVC BLANK CASING

24- FEET OF 1- ICINCH PVC SLOTTED SCREEN BOTTOM OF BOREHOLE

31far.

YARD3 CIMENTYSANO (REDI.1MIX I ORDERED NOT TO SCALE

.u YARD3 ClIUIIFT.WO 01601401131) USED AOOITIONAL INFORMATION-

CONCRETE PUMPER USES? 0<0 3YES
NAMG 16.14___________

WSLL COVIR USED: 13LOCKING STEEL COVER

gp~l~0~



FIELD WELL COMPLETION FORM C3 CHRISTY 301

JoeII.~ i C3 LOCKING STEEL COVER

... snt "a~ag- LCASING

WL SArm. 0- -INCH DIAMETER
"A"", 1I01t*VZ -'10 BOREHOLE

C r SB * ENTONIT6EEENT
e__,= _NCH 4OLW STM AGER ~ tSEAL ON

C.........was BNNNTR AH- SACK CEMENYSANO13 _ INC ROARY AS1 I SEAL
GA1g1gMS OF WAVER o faWaco GIJEIN OrnLLjO41!i~'ZS GALLONS- O.1 1

000OR TO~ OPLU TOP OF CASING AT
.. I~I ... FEFT <8V A-OEVELOPMENT g*L FLWRt.rEE

_9V6LoPMN or -,NCH DIAMETER

uusa..DAVE OREHOLE

GPM DFrl(ag T ATIL {3I NCH IAMETER

G M I? To - -:3SENTONST14EKUENT

GPU FROM TO L ORM1N4*9
?SAL wAVren we"OveS eL*011LV(kFOUNING caVE"IMT!Y GALLONS

AT 'u"**.' 0CERCSIS4LYCO SENTONfTE PELLET
OEYSLPME? G MOO. TURBID 13 VERY MUDDYSEA

COROUNO, SURFACE C3 ANK TRUCK SAND PA&

rosCARS CSORU SEWERS (CSTORAGE TANK -1_ fee

A Vt. OeveLD9pmanvi FEET '.CEN

MATERIALS USED12

lIEO~ETONELLI SNOBLANK TOTTA
SACKSSOC CEMENT zs, t021ug,
GALLONS OF GROUT USSO liA 4L..BOTTOM WELL CAP

POUCKS OFIINT N T NILTE i MOLE CLEANED OUT T

72-FEET OF1 " I NCH PVC BLANK CASING I.

FEET OF L26mwPCS~rosn OTPM OF*BOREH4OLE

YA11O0 CEME06NN4AN, IREDI-MIX) ORDERED) NOT TO SCALE

YARDS CEM~iNT.sAmdO IREOS.MixIusED ADDITIONAL INFORMATION'

CONCRETE PUMPE1R WED?0 31@ Cyeu

YVELL COVER USED: C3LOCKNGSTEELCOVEN



-NUB
FIELD WELL COMPLETION FORM C3 CHIeNSTY SOX

Joe rI . . C3 LOCXING STEEL COVEN
ttges E-1, L Ltt7 -.L jV*T1*L.NCm DIAMETER

ion PJec"TSTEEL CONDUCTOR

I Arc: -_INCH DIAMETERI -- C0 BOREHOLE

.c ) IWTEM ciE BENTONIT64EMENT
EUPft INCH I4OLL STM 'R7SEAL OR

tons : B-SACK CEMENY-SANOC3....~.. INCH ROTARY WASH 0"OL.0 SEAL

ss ftfoOVL14 GALLONS
"sA?0 Wor OP CONYTAMN?OU . CEAIO TOP OF CAS T~hP W 1 0 0 T O O W L L Sn ~ s % e m r e % , AF E = A

44 BELOW GROUND LEVEL
4KVELP"ufl orNc DIAMETER."9VIKLOP"60'r: 

ONEHOLFOSVCLOPENt

11CLO4 ?,.At OAT; drI NCH DIAMETERGPM IFROM TO SCHEOULE 0 PVC
I Tise OTC;BLANK CASING

FROM To fNT ON TEUMENT

owsg a mRovegST GALLONS fear
oes. Plon 3LG4TYCODor TUR11IOITV OCLEAR iSIITYCOD ENTONITE PELLET
A? AMLO aw SEALOAVLOPN?: C moo. TURBID (3 VERY MdUDDY

waven O3G~NOSURFACE (3TANK TRUCK j";SAN A CirozIN5S ~sTO)Rm SEWERS USTORAGE TANK E
OAFW 1 5*115SLOT-TOI0A TC* oAViL@peA"?, FEET :!".SCFEEN

MATERIALS USED cic ( - il

SACKSOP ~L..1iNCHl DIAAMETER______________________ SCHEDULE 40 PVCSACK Of 'ZLGBLANK SIr T RAWA sAcKS OP ____________ CEMENT X.Lo_.ULIut± GALLONS OF GRqOUT USED e -_%T;R MWILL CAP
SACKS OF POWDERED S1INTONsTE 72pbIt

il....POUNDS OF BENTONI TE PELLETS COL CLEANED OUT To

23 PEITOP .L1EINCH PVC BLANK CASING

FEET OF -U'IINC14 PVC SLOTTED SCREEN SOIM OF BOREHOLE

CIIMINT4SANO IREDI-MIX) ORDERED NOT TO SCALE _

tJX YA040 CZM2NT-SAt IRED14IXI USED ADDITIONAL INFORMATION:

COrCRETE PUMPER USED? 24 13YES
NAM E_______________ 

__ _ _ _ _ _ _

WELL COVER USED: C3LOCINGSTEE1L COVER

(3 v ?



-NUB
FIELD WELL COMPLETION FORM a CHRISTY Box

Joe C3 LOCSING STEEL COVER

......... Nc DIAMETER
STEEL CONDUCTOR

Joe ooACASING

*USL' -, ENTONITE CEMENT

£OUI~~mENwa B -OWSEMAGR~ SACK CEMENT.SANO
(3 _ INCH ROTARY WASH SEA

C.AOLONs Opp WATXNt -!
ujsgo ourNifo onuumolI~ GALLONS

DEVELOPMENT ,e LJej b&II-ETAOE
_________________________________BELOW GROUNO LEV EL

OCVSI-*_E,,V. OiAmETER
0EV £L~ingNTBORE HOLE

~~T GMJOT. ... INCH OIAMETE R
V'ULO& t6 OATS. SCHEDULE 40 PVC

_m VUO T LANK CASING

YtSLO 0im. to I.. S f
GPM PRO)M GATE ~NONITECMENT
GPM I FROM -:O S-SACC CEMENT.SANO

TOTAL. WAT611 009MOV60 EAOUflIMS Oxv6SLOpwSNV GALLONS SEAL

OP TURUSO0TV [CEA OLIGHTLY CLOUDY

Aoo SOF~N X SE14TONITE PELLET

(3MOc. TUJRBID 3 VERY M-UOOY

EwATEN CGpOUNosuRFACa O3TANK TRUCK SN A
OISCMA3=@EU OSOMsEWERS CSTORAGF TANKC

(3opums (3 TH ER Z .'N O ATER

A 7190 OgV9LOPmlwfv FEET : CLOT.

MATERIALS USED LE cXr~

'_-Z iNC)OIAMETER
........ SACKS OF iC SAND SCHEOULE 40 vvc

SACKS OF _£ CEMENT __r . :oXI.,
10 GALLONS OF GROUT USED BOTTOM WILL CAP

S SAtO OP POWOEREo UENToNITE fell-'

P(XJNS OFIENTNITI FILETS OLE CLEANED OUT TO
F EST 0 F .M..I NCH PVC 9 LAN K CASIN I NG"

i OTTOM OP BOREHOLE
F EET OP7...INCH PVC SLOTTED SCREEN 7_ I

.~.. ~ CEMEIIM4ANC IOI.gXI ORDERED NOT TO SCALE

x YARO COM?-SAMO IMEOIJMXI USED ADDITIONAL INFORMATION'

CONCRETE PUMPERUSIh? 8<0 13YS

NAME________________________

WEILL COVER USID: (3%KING STEEL COVER



zNLUIr
FIELD WELL COMPLETION FORM a CHRISTY Sax

Joe LCCX:NGSTEEL COVER

r: ~ L1~I~,i- ~-INCH DIAMETERJoe '~ '00,11I STEEL CONDUCTOR

M"JMseat I.ASAMA9 :~~~( CASING
tLoaouor( (ITu

WELLOAT0- _.NCH DIAMETER
__ __ _ __ __ _ __ __ _ __ __ _ __ _ 90REH4OLS

EQUIMEN: d-t DnLLL * ENTONITE-CEMENT
L' INCH HOLLOW STEM AUGER SEAL OR

INCH~wa $OAYWS -SACK CEMENT-SAND
C3LLa INC ROARWS SEAL

uscs OuNIG OILLSN*e. Z* ~GALLONS
-nice To oweLL~geG. % ~ o '1~ 4 TOP OF CASING AT

0 VELOPMENT <,ea. ,Aaq ;e -FETABV;:iE 4e O'-*M tA ELOWGROUND LEVEL

!arop or ICTNCH DIAurETER

IMRES 2ATE 1NC14 DIAMETER

Y19P01 IRO TIO SCHEDULE 40 PVC
YIL GPM FROIM: TO CT:BLANK CASING

1I9LC: IM Ttma DAT91 -O I "

TICLO& GPMIFRM TOSENTZ:NtTECMENT
'EIS Times AE SEAL OR

_______________PM__________ _ FROM T S-SACC CENENT.SAND
TOTAL WAVE.1 WtMoveD SEAL
0141112No OEv.V*AOVMEW GALLONS

cooI~lweti~y 13CLAR 3SLCHTY CLUDY7,Z - -ENTONITE PELLETAT aeO aP SEAL
EVLPUT C3 MOO. TUJRBID 3 VERY M~UDDY X

WTEC3GRouNoSURFAC" QTANKTRUCK 0 =.0
~SSMAUED STORM SEWERS C3STORAGE TANK -

Conums E3OTHER wombs___ d1CHOIAMETEP

APaEn OevetLOPMECTt FEET J L. ____

MATERIALS USED -Zq

'p SACKS OFLd) I.dO SAND SCHEDULE 40 PVC
_____________________$LANK SILT TRAP

_____SACKS OF CEMENT i .

t a ALfNS OF GROUT USED BOTTOM WELL CAP

S~K OF PODERED E N TONI TE ft

POUNDS OF BENTONI TE PELLETS %40LC -LEANED OUJTTO

7& FEETOF..~NCH PVC BLANK CASINGj .

4____ FEET OP INCH PVC SLOTTED SCREEN -o- OTTCM OP BOREHOLE

v*wCEMENT-SANsO (AEIIMIXI ORDERED NOT TO SCALE

A^WCIMINTV4ANO IRED14UIX) USED ADDITIONAL INFORMATION-

CONCRETE PUMPER USE0? d No CVII3

*ILL COVER USED: q CIG TE COVER



---NUB
FIELD WELL COMPLETION FORMA C3 CHAIM sox

a,~~~[ .~ , . LOCKING STEEL COVER
MAMS. t [ * k ..Qt...INCH DIAMETER
Joe ~itll'STEEL CONDOUCTOR

"ELsaft.* lwfO~w 4A 14 ASN

COMDA ~"wo - o r
LOU ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ IC DPET ___IC OWTM-lILqjSNO IAMENTE

SEAL ORIItMN
C.........ups. SN-RTR AH ON .~f SACK CEMIENT-SANO
C3 NC RTAY AS SEAL

GALuOP01 OIF WAlER W .......4
UJscc OWN.W 001964.lM,44 GALLONS

h6*OOFZ~t.Mlt~l%!" T OP OF CASIN4G AT

DEVELOPMENT A4(ba W .... FE UOEj

__________________________ GO BE LOW GROUND LEVE L

.V c Lmgmy: _,oCH DIAMETER

990 A0 OAT61 TfIMe.

19L. imsea DATZ.
"Z4---.3 .. NCNOIAMETERGPMlFAOM To S CHEOULE 40 PVC

y~cf.0 To"All OATU; BLANK CASING

VEUL.O. GPME OAEToLI

OATS. -3'ENT ONITE-CCMENT
rime& T SEAL OR

FRO TO-: SSACK CEMENT4SANO
TOTAt- WAVER RMOVEDI EA
OURING OUvELOvmnENI GALLONS

Op O144V (CLEAA [3SLIGIIYLY CLOUDY * - ENTONSTE PELLETAT Irmo al,
OEVELOWEN (3 MOO. TURGID (3 VERY -MUOOY *SA

CwtOUNoSURFACE OTANK TRUCK SNA
C3STCRM SEWERS C3STORAGF TANK fl :.L uu

DORUMS [3OTWR NCH OfAMeTE;R
OC'r TO WAVER .LOTTED 1,
A'TV a O9V9LOftAER?, FEET S- CA ,qlSC1E

SACKS OF 7-4-to _ 40 S* (C SAND SCHEOULE40PVC

___'_____P_______J _ BLANK SILr TRAP..L.....SACKS OF CEMENT 61t tn
~ 0 GALLONS OF GROUT USED BOTTOM WELL CAP

Alo OF PowoENo BENmrtONITE M g

POUNDS Of SENTONITIE PELLETS %4OLt CLEANIED OUT TO

.2 LFEETOF .. INCH PVC BLANK CASING 1!
La...FEETOP. 2 .. INC PVC SLOTTED SCREEN ,0OFBRHL

YAA03 CaewmUN4~o IROetgKI OROREc NOT TO SCALE

..... ;3 s CtMINT4ISANO IPISOIMlI USED ADDITIONAL INFORMATION:

CONCRETE PUMPER U"EO? 3f4@ Cyls

NAME t-14 _____________

WELL COVER USIEO: C3WOCNGSTVELCOVER



-NU 8
FIELD WELL COMPLET1ON FORM a CH4RISTY sox

-, 2 LOCXMEG STEEL COVER
NA609, ti_+A -cY t mV~~L .ICm DIAMETER

Joe P10,1c STEEL CONDUCTOR

WCUIFEY L ~ IC OLWSE AU 4 r.. BETNSC EET

WASHB -SACK CEMENYSANO
13 _.. IN4CH ROTARY WASHa~z SEAL

a&AL~oNts or wavenum-e
UOOOUA141001L.Snot GALLONS W~~f~

" 6 fO. tO F 0rnLL N. 4118*0A' TOP OF CASING AT

OEVELOPMENT .40 -FEETI SELwG ONOL

aVLPM~ LYNCH DIAMETER
~EVSLOMgNY 0REHOLE

'v'ELo; ITomas OAYKL;
GPM I FROM To I NCHODIAMETER

ninL0 GM oas OATC. SCHEDULE 40 PVC
FP ROM TO BLANK CASING

'6E~f~ 091 SEAL 09

tOTAL WAYEN11 wSModvau SEAL
ountING cavcL.Op"GNT! GALLONS
0 , TU~Og0TV 13CLEAR O3SLIGHTLY CLOUDY EoN1 PLT

OKVSLFS13 Dmoo. TURBID (3 VERY MuQoy

100 OF

O"TR 3GROLNDOS UR FACE (3rANK TRUCK SANO PACk,.
ro:UM , CsTORm SEWERS CSTORAGE TANK feeLL~~a t

09T OWT11CORIUMS (3 OTw F 7 11CH DIAMETEq

APT90 oeveLoPMGafev FEET LTO____
-SCREEN

MATERIALS USED o

~ ~. ... NCH DIAME TER
-ii SCKSOP14 O IIC~ SAND SCHEDULE 40 PVC

SACKS OF 11T- 1 CEMENT kBLAN ;3 tootA
tlest(o GALLONS OF GROUT USED nTMWLCA

SAOM OF POWOERID 0 E NTONI TE

POUNDS Of SENTONITE PELLET$ %fOLC CLEANED OUT TO

FEET OF2.7-.INCH4 PVC BLANK CASING

~La.... FEET OF .... INCH PVC SLOTTED SCREEN r OFBOREHOLE

YARD3 CEMfNT-SANO (RfOI.MIKI ORtOERED NOT TO SCALE

2...7 . YA010 3 CIMENT4SANO 41REDI-MIXI USED ADDITIONAL INFORMATION:

CONCRETE PUMPER USED? eK yEs

WEILL COVER USED: G<0=1"N STEEL COVER
QO4ptis ox
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g FIGURE 6-7

WELL DEVELOPMENT FORM
ELLINGTON FIELD (ANG)

Total Depth of Well (bTOC*) ".b

Static Water Level (bTOC) '. 1".11
h - Height of Water Column (feet) , -i. (2. ( t). 4(-

r - Inside Diameter of Well (feet) ______

R - Diameter of Boring (feet) . -'i

Volume of Well and Filter Pack

v=[ir2h + (irR2h - irr2h)0.3017.48 _-________._

where:

0.30 = 30% porosity of filter pack

7.48 = gallons per cubic foot

Date t-.__'_ I"

Time 1,000 aCiP 0 4

Volume Removed q1 i .20,& I( .€AIS

Development Method N,-" '

Developed By J22

Comments:

I

*below top of casing

!
~6-16



FIGURE 6-7

WELL DEVELOPMENT FORM
ELLINGTON FIELD (ANC)

WLJ- '

Total Depth of Well (bTOC*) i. ( 3 .o -Z
Static Water Level (bTOC) ZdA. W.44 ,
h - Height of Water Column (feet) 1t1D .1 '1. ' .
r - Inside Diameter of Well (feet) .0

R - Diameter of Boring (feet) .

Volume of Well and Filter Pack
v=[ rr 2h + (7rR2h- nr2h)0.3017.48 ____._______

where:
0.30 = 30% porosity of filter pack
7.48 = gallons per cubic foot

Date I I-q (-
Time 0 (-170 t-fo 0
Volume Removed ,J "Z'z ,,
Development Method CP 6%:a L'" *t -

Developed By 7--Wx '0 V kAlWV4- -P

Comments:

*below top of casing

I
6-16



I
FIGURE 6-7

WELL DEVELOPMENT FORM
ELLINGTON FIELD (ANG)

Total Depth of Well (bTOC*) .

Static Water Level (bTOC) .16 - . .h

h - Height of Water Column (feet) I C, t S. 1'7
r - Inside Diameter of Well (feet) . o'13

R - Diameter of Boring (feet) .

Volume of Well and Filter Pack

v= [nr2h + (iTR2h - nr2h)0.3017.48 If.'-
where:

0.30 = 30% porosity of filter pack
7.48 = gallons per cubic foot

Date --
Time 41500"

Volume Removed . t - 1,
Development Method VfA'
Developed By V W&-cJD.VTJN

Comments:

I
I
I
I

*below top of casing

I
1 6-16



FIGURE 6-7

WELL DEVELOPMENT FORM
ELLINGTON FIELD (ANG)

Total Depth of Well (bTOC*) 4.77 .- O t7O -z s

Static Water Level (bTOC) 1 ." (.I." L '.'

h - Height of Water Column (feet) ' .K .

r - Inside Diameter of Well (feet)

R - Diameter of Boring (feet) 3 19

Volume of Well and Filter Pack

v = [7rr2h + (irR2h - 7rr2h)0.3017.48 .-. 5.; 1

where:

0.30 = 30% porosity of filter pack

7.48 = gallons per cubic foot

Date i'

Time fqor 14 q9

Volume Removed 1 .1 % 2Z " 4L , TZ

Development Method (. t I.(A 1

Developed By 1V,-~ Tv. VUoAA

Comments:

*below top of casing

6-16



FIGURE 6-7

WELL DEVELOPMENT FORM
ELLINGTON FIELD (ANG)

Total Depth of Well (bTOC*)
Static Water Level (bTOC) 1.1 " I."0
h - Height of Water Column (feet) ______.___

r - Inside Diameter of Well (feet) 00
R - Diameter of Boring (feet) '4
Volume of Well and Filter Pack
v = [rr2h + (wR2h - nr2h)0.3017.48 .2,., 9. q4
where:
0.30 = 30% porosity of fitter pack
7.48 = gallons ner cubic foot

Date I- (-
Time

Volume Removed 30 AAL 14 l
Development Method s5 1 . 41[6

Developed By

Comments:

*below top of casing

6-16



FIGURE 6-7

WELL DEVELOPMENT FORM
ELLINGTON FIELD (ANG)

Total Depth of Well (bTOC*) Z "/,

Static Water Level (bTOC)
h - Height of Water Column (feet) tov

r - Inside Diameter of Well (feet) ,00

R - Diameter of Boring (feet) ."

Volume of Well and Filter Pack

v = [irr2h + (irR2h - irr2h)0.3017.48

where:

0.30 = 30% porosity of filter pack

7.48 = gallons per cubic foot

Date
Time (1_ O I _ _ _

Volume Removed __S_- 4D

Development Method L: A

Developed By lv_ Uo,,u L,4e; o

Comments:

*below top of casing

6-16
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f FIGURE 6-7

WELL DEVELOPMENT FORM
ELLINGTON FIELD (ANG)A W -of

I-
Total Depth of Well (bTOC*) LC,4 b

Static Water Level (bTOC) 7 .0 0

h - Height of Water Column (feet) I , 7 b
r - Inside Diameter of Well (feet)

R - Diameter of Boring (feet) , 3 ''
Volume of Well and Filter Pack

v = [jTr2h + (nR2h - irr2h)0.3017.48 c- . 0'?

where:

0.30 = 30% porosity of filter pack
7.48 = gallons per cubic foot

Date ii l I-i

Time I I( Z

Volume Removed - ( $ 4I-

Development Method ILiiv- ," "

Developed By ".-.L C

Comments:

I
I
5
!

*below top of casing

i
1 6-16



FIGURE 6-7

WELL DEVELOPMENT FORM
ELLINGTON FIELD (ANG)

Total Depth of Well (bTOC*) -?,Z. q z
Static Water Level (bTOC)( '7,'
h - Height of Water Column (feet) 1'7' ts.i7
r - Inside Diameter of Well (feet) _,D ?_,__

R - Diameter of Boring (feet) 1-314
Volume of Well and Filter Pack
v=[ rr 2h + (TrR2h - ir 2h)0.3017.48 (S.", 1 ('317
where:
0.30 = 30% porosity of filter pack
7.48 = gallons per cubic foot

Date 1- 1-19
Time ,zO Z0o
Volume Removed " 4. _4.. . 4

Development Method I
Developed By o L."?::o

Comments:

*below top of casing

6-16
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FIGURE 6-7

WELL DEVELOPMENT FORM
ELLINGTON FIELD (ANG)

Total Depth of Well (bTOC*)

Static Water Level (bTOC) (.

h - Height of Water Column (feet)

r - Inside Diameter of Well (feet) ._ __

R - Diameter of Boring (feet) .-3 __'q

Volume of Well and Filter Pack
v= [rr2h + (nR2 h - r2h)0.3017.48 __. ___

where:
0.30 = 30% porosity of filter pack
7.48 = gallons per cubic foot

Date

Time 1 51('
Volume Removed ,-5"5 qtS 0 4

Development Method S A 
l

l

Developed By L- " o

Comments:

III

*below top of casing

I
I 6-16



APPEN DIX B

SLUG TEST CALCULATIONS

I R-48-05-0- 1 6H



SLUG IN TEST

MONITOR WELL NUMBER: MW-01

ELEVATION TOP OF CASING: 37.68
----------------------------------------------------- ------------------------I

ELEVATION WATER (IN): 19.99 ELEVATION WATER (COUT):

DEPTH OF WELL (TOC): 31.13 DIAMETER OF CASING: .167 FEET

SCREEN LENGTH AND INTERVAL: 10 FEET, 16.0 TO 26.0 FEET BELOW GRADE

SCREEN/FILTER TYPE: 1 10 PARTIALLY PENETRATING/ 20/40 GRADE SILICA SAND

AQUIFER TYPE AND THICKNESS: CLAYEY SILT AND SILTY SAND, 14 TO 27 FEET BELOW GRADE

H(O) TRANSLATION: 1.25 H(O) THEORETICAL: 1.53

INITIAL CONSISTENT VALUE: 21.24 TRANS. METH. (SLUG IN) T(O): .0667

FINAL TRANSDUCER VALUE: 19.99



,UG TEST IN:
H"

SAMPLE TIME TIME T(O) XD A/B DATUM H H/H(O) H/H(O)

NUMBER 'MINUTES) (SECONDS) TRANS. READING TRANS. TRANS. TRANS. THEOR.

000 0 0 -.0667 17.25 3.99 -2.74 -2.192 -1.7908

001 .0033 .198 -.0634 20.72 .52 .73 .584 .4771

002 .0067 .402 -.06 24.69 3.45 -2.2 -1.76 -1.4379

003 .01 .6 -.0567 21.26 .02 1.23 .984 .8039

004 .0133 .798 -.0534 19.38 1.86 -.61 -.488 -.3987

005 .0167 1.002 -.05 21.59 .35 .9 .72 .5B82

006 .02 1.2 -.0467 22.48 1.24 .01 .008 .0065

007 .0233 1.398 -.0434 21.19 .05 1.2 .96 .7843

008 .0267 1.602 -.04 20.92 .32 .93 .744 .6078

009 .03 1.8 -.0367 '1.67 .43 .82 .656 .5359

010 .0333 1.998 -.0334 21.15 .09 1.16 .928 .7582

011 .05 3 -.0167 20.99 .25 1 .8 .6536

012 .0667 4.002 0 21.24 0 1.25 1 .817

013 .0833 4.998 .0166" 21.16 .08 1.17 .936 .7647

014 .1 6 .0333 21.15 .09 1.16 .928 .7582

015 .1167 7.002 .05 21.10 .14 1.11 .888 .7255

016 .1333 7.998 .0666 21.10 .14 1.11 .888 .7255

017 .15 9 .0833 21.08 .16 1.09 .872 .7124

018 .1667 10.002 .1 21.10 .14 1.11 .888 .7255

019 .1833 10.998 .1166 21.03 .21 1.04 .832 .6797

020 .2 12 .1333 21.03 .21 1.04 .832 .6797

021 .2167 13.002 .15 21.02 .22 1.03 .824 .6732

022 .2333 13.998 .1666 20.99 .25 1 .8 .6536

023 .25 15 .1833 20.99 .25 1 .8 .6536

024 .2667 16.002 .2 20.97 .27 .98 .784 .6405

025 .2833 16.998 .2166 20.95 .29 .96 .768 .6275

026 .3 18 .2333 20.94 .3 .95 .76 .6209

027 .3167 19.002 .25 20.92 .32 .93 .744 .6078

028 .3333 19.998 .2666 20.92 .32 .93 .744 .6078

029 .4167 25.002 .35 20.86 .38 .87 .696 .5686

030 .5 30 .4333 20.80 .44 .81 .648 .5294

031 .5833 34.998 .5166 20.73 .51 .74 .592 .4837

032 .6667 40.002 .6 20.68 .56 .69 .552 .451

033 .75 45 .6833 20.64 .6 .65 .52 .4248

034 .8333 49.998 .7666 20.61 .63 .62 .496 .4052

035 .9167 55.002 .85 20.56 .68 .57 .456 .3725

036 1 60 .9333 20.51 .73 .52 .416 .3399

037 1.0833 64.998 1.0166 20.48 .76 .49 .392 .3203

038 1.1667 70.002 1.1 20.46 .78 .47 .376 .3072

039 1.25 75 1.1833 20.43 .81 .44 .352 .2876

040 1.3333 79.998 1.2666 20.38 .86 .39 .312 .2549

041 1.4167 85.002 1.35 20.37 .87 .38 .304 .2484

042 1.5 90 1.4333 20.33 .91 .34 .272 .2222

043 1.583 94.98 1.5163 20.32 .92 .33 .264 .2157

044 1.6667 100.002 1.6 20.26 .98 .27 .216 .1765



SLUG TEST IN:
H"

SAMPLE TIME TIME T(O) XD A/B DATUM H H/H(O) H/H(O)
NUMBER (MINUTES) (SECONDS) TRANS. READING TRANS. TRANS. TRANS. THEOR.

045 1.75 105 1.6833 20.27 .98 .27 .216 .1765
046 1.833 109.98 1.7663 20.26 5 -3.75 -3 -2.451
047 1.9167 115.002 1.85 26.24 1.02 .23 .184 .1503
048 2 420 1.9333 '0.22 1.1 .15 .12 .098
049 2.5 150 2.4333 20.14 1.14 .11 .088 .0719
050 3 180 2.9333 20.10 1.18 .07 .056 .0458
051 3.5 210 3.4333 '0.06 1.21 .04 .032 .0261
052 4 240 3.9333 20.03 1.22 .03 .024 .0196
053 4.5 270 4.4333 O).02 1.24 .01 .008 .0065
054 5 300 4.9333 .'0.00 1.24 .01 .008 .0065
055 5.5 330 5.4333 20.00 1.24 .01 .008 .0065
056 6 360 5.9333 20.00 1.25 0 0 0
057 6.5 390 6.4333 19.99 1.24 .01 .008 .0065
058 7 420 6.9333 20.00 1.24 .01 .008 .0065
059 7.5 450 7.4333 20.00 1.25 0 0 0
060 8 480 7.9333 19.99 1.24 .01 .008 .0065
061 8.5 510 8.4333 20.00 1.25 0 0 0
062 9 540 8.9333 19.99 1.25 0 0 0
063 9.5 570 9.4333 19.99 1.25 0 0 0
064 10 600 9.9333 19.99 0 0 0 0
065 12 720 11.9333 0 0 0 0
066 14 840 13.9333 0 0 0 0
067 16 960 15.9333 0 0 0 0
068 18 1080 17.9333 0 0 0 0
069 20 1200 19.9333 0 0 0 0
070 22 1320 21.9333 0 0 0 0
071 24 1440 23.9333 0 0 0 0
072 26 1560 25.9333 0 0 0 0
073 28 1680 27.9333 0 0 0 0
074 30 1800 29.9333 0 0 0 0
075 32 1920 31.9333 0 0 0 0
076 34 2040 33.9333 0 0 0 0
077 36 2160 35.9333 0 0 0 0
078 38 2280 37.9333 0 0 0 0
079 40 2400 39.9333 0 0 0 0
080 42 2520 41.9333 0 0 0 0
081 44 2640 43.9333 0 0 0 0
082 46 2760 45.9333 0 0 0 0
083 48 2880 47.9333 0 0 0 0
084 50 3000 49.9333 0 0 0 0
085 52 3120 51.9333 0 0 0 0
086 54 3240 53.9333 0 0 0 0
087 56 3360 55.9333 0 0 0 0
088 58 3480 57.9333 0 0 0 0
089 60 3600 59.9333 0 0 0 0

...I, lnna ln m mNR NW
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3LUG- 7N
Well Nio, WO

Casino Diameter = '2 i n. 16 .7
CaS Inoa ridius ( r,) .8
Lenqth of screen (L) =10.0 tt.
Height of water from base of screeni 04) 104ft
RadiuIs of borenole (r.) .344 f.
Thickness of Aquifer (D) = 13

C 1.9
A . yt =0.2,25 t 120Se

In H,'r . r..

ln(10.44/.,.4) UO0/.344)

K =HYDRAULIC CONDUCTIVITY

K ------------- k ln(y 0 yt)

'21

K----------------- X --- X i n (1.12.25)
14(10) 12A10

K =1.19 x 10-8 ft./sec.

K 1.03 ft./da.

K 3.62 x 10-4 cm./sec.

T -TRANSHISSIVXTY

BEST
T m (K) (D) (7.483 gpd/ft) AVAILABLE COPY

T a (1.03) (13 ) (7.49)

T a100.19 gpd/ft



SLUG OUT TEST

MONITOR WELL NUMBER: MW-O1

ELEVATION TOP OF CASING: 37.68
----------------------------------------------------------------------------------- I

ELEVATION WATER (IN): ELEVATION WATER (OUT): 19.99

DEPTH OF WELL (TOC): 31.13. DIAMETER OF CASING: .167 FEET

SCREEN LENGTH AND INTERVAL: 10 FEET. 16.0 TO 26.0 FEET BELOW GRADE

SCREEN/FILTER TYPE: t 10 PARTIALLY PENETRATING/ 20/40 GRADE SILICA SAND

AQUIFER TYPE AND THICKNESS: CLAYEY SILT AND SILTY SAND. 14 TO 27 FEET BELOW GRADE

H(O) TRANSLATION: 1.51 H(O) THEORETICAL: 1.53

INITIAL CONSISTENT VALUE: 18.49 TRANS. METH. (SLUG OUT) T(O): .03

FINAL TRANSDUCER VALUE: 20
----------



;LUG TEST OUT:
H'

SAMPLE TIME TIME T(O) XD A/B DATUM H H/H(O) H/H(O)
NUMBER (MINUTES) (SECONDS) TRANS. READING TRANS. TRANS. TRANS. THEOR.

000 0 0 -.03 18.14 -.35 1.86 1.2318 1.2157
001 .0033 .198 -.0267 18.55 .06 1.45 .9603 .9477
002 .0067 .402 -.0233 18.22 -.27 1.78 1.1788 1.1634
003 .01 .6 -.02 18.71 .22 1.29 .8543 .8431
004 .0133 .798 -.0167 18.35 -.14 1.65 1.0927 1.0784
005 .0167 1.002 -.0133 18.57 .08 1.43 .947 .9346
006 .02 1.2 -.01 18.49 0 1.51 1 .9869
007 .0233 1.398 -.0067 18.49 0 1.51 1 .9869
008 .0267 1.602 -.0033 18.57 .08 1.43 .947 .9346
009 .03 1.8 0 18.49 0 1.51 1 .9869

010 .0333 1.998 .0033 18.57 .08 1.43 .947 .9346

011 .05 3 .02 18.59 .1 1.41 .9338 .9216

012 .0667 4.002 .0367 18.60 .11 1.4 .9272 .915

013 .0833 4.998 .0533 18.65 .16 1.35 .894 .8824

014 .1 6 .07 18.67 .18 1.33 .8808 .8693

015 .1167 7.002 .0867 18.68 .19 1.32 .8742 .8627

016 .1333 7.998 .1033 18.71 .22 1.29 .8543 .8431

017 .15 9 .12 18.73 .24 1.27 .8411 .8301

018 .1667 10.002 .1367 18.75 .26 1.25 .8278 .817

019 .1833 10.998 .1533 18.76 .27 1.24 .8212 .8105

020 .2 12 .17 18.79 .3 1.21 .8013 .7908

021 .2167 13.002 .1867 18.79 .3 1.21 .8013 .7908

022 .2333 13.998 .2033 18.82 .33 1.18 .7815 .7712

023 .25 15 .22 18.84 .35 1.16 .7682 .7582

024 .2667 16.002 .2367 18.86 .37 1.14 .755 .7451

025 .2833 16.998 .2533 18.87 .38 1.13 .7483 .7386

026 .3 18 .27 18.89 .4 1.11 .7351 .7255

027 .3167 19.002 .2867 18.90 .41 1.1 .7285 .719

028 .3333 19.998 .3033 18.92 .43 1.08 .7152 .7059

029 .4167 25.002 .3867 19.00 .51 1 .6623 .6536

030 .5 30 .47 19.05 .56 .95 .6291 .6209

031 .5833 34.998 .5533 19.11 .62 .89 .5894 .5817

032 .6667 40.002 .6367 19.16 .67 .84 .5563 .549

033 .75 45 .72 19.22 .73 .78 .5166 .5098

034 .8333 49.998 .8033 19.27 .78 .73 .4834 .4771

035 .9167 55;002 .8867. '19.32 .83 .68 .4503 .4444

036 1 60 .97 19.35 .86 .65 .4305 .4248

037 1.0833 64.998 1.0533 19.38 .89 .62 .4106 .4052

038 1.1667 70.002 1.1367 19.43 .94 .57 .3775 .3725
039 1.25 75 1.22 19.46 .97 .54 .3576 .3529

040 1.3333 79.998 1.3033 19.49 1 .51 .3377 .3333

041 1.4167 85.002 1.3867 19.52 1.03 .48 .3179 .3137

042 1.5 90 1.47 19.54 1.05 .48 .3046 .3007

043 1.583 94.98 1.553 19.57 1.08 .43 .2848 .281

044 1.6667 100.002 1.6367 19.60 1.11 .4 .2649 .2614



SLUG TEST OUT:
H,

SAMPLE TIME TIME T(O) XD A/B DATUM H H/H(O) H/H(
NUMBER ;MINUTES) (SECONDS) TRANS. READING TRANS. TRANS. TRANS. THEC

045 1.75 105 1.72 19.62 1.13 .38 .2517 .24E
046 1.833 109.98 1.803 19.65 1.16 .35 .2318 .228o
047 1.9167 115.002 1.8867 19.65 1.16 .35 .2318 .2288
048 2 120 1.97 19.68 1.19 .32 .2119 .20E
049 2.5 150 2.47 19.78 1.29 .22 .1457 .14Z
050 3 180 2.97 19.84 1.35 .16 .106 .1046
051 3.5 210 3.47 19.89 1.4 .11 .0728 .071
052 4 240 3.97 19.91 1.42 .09 .0596 .05E
053 4.5 270 4.47 19.94 1.45 .06 .0397 .0392
054 5 300 4.97 19.95 1.46 .05 .0331 .032"
055 5.5 330 5.47 19.97 1.48 .03 .0199 .01
156 6 360 5.97 19.97 1.48 .03 .0199 .019b
057 6.5 390 6.47 19.99 1.5 .01 .0066 .0065
058 7 420 6.97 19.99 1.5 .01 .0066 .0o0
059 7.5 450 7.47 19.99 1.5 .01 .0066 .006.
060 8 480 7.97 19.99 1.5 .01 .0066 .0065
061 8.5 510 8.47 19.99 1.5 .01 .0066 .OOE
062 9 540 8.97 19.99 1.5 .01 .0066 .OOE
063 9.5 570 9.47 19.99 1.5 .01 .0066 .0065
064 10 600 9.97 20.00 1.51 0 0 0
065 12 720 11.97 0 0 0 0
066 14 840 13.97 0 0 0 0
067 16 960 15.97 0 0 0 0
068 18 1080 17.97 0 0 0 0
069 20 1200 19.97 0 0 0 0
070 22 1320 21.97 0 0 0 0
071 24 1440 23.97 0 0 0 0
072 26 1560 25.97 0 0 0 0
073 28 1680 27.97 0 0 0 0
074 30 1800 29.97 0 0 0 0
075 32 1920 31.97 0 0 0 0
076 34 2040 33.97 0 0 0 0
077 36 2160 35.97 0 0 0 0
078 38 2280 37.97 0 0 0 0
079 40 2400 39.97 0 0 0 0
080 42 2520 41.97 0 0 0 0
081 44 2640 43.97 0 0 0 0
082 46 2760 45.97 0 0 0 0
083 48 2880 47.97 0 0 0 0
084 50 3000 49.97 0 0 0 0
085 52 3120 51.97 0 0 0 0
086 54 3240 53.97 0 0 0 0
087 56 3360 55.97 0 0 0 0
088 58 3480 57.97 0 0 0 0
089 60 3600 59.97 0 0 0 0

0
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.LUG- Lu T
.... • well tNo. r -..

(.as inc a-lmexer - in. 7 T-
Casinc r:aoius cr..) = ,;V3 f-,
Lenotri o+ screen iLj = i0.1 t.)
Heiant of water from oase oT screen - ± ..4 t-.

Racus of borenole tr'.) Z,44 t.
Thicp:ness ot Aauiter i',) - L.' "'

J] = i.7
' = l.A. , r't = t.1, ' 1i2J -,C.

-:

i .I
i;1ll;.., rX., - -

in H/r. .

- ..58

K = HYDRAULIC CONDUCTIVITY

r.2 "LniR,, r'.l

K = ------------

(.O83): Z,.J6

K : - -- ---- in (1.12/.L15)

2(10.0) 120

K 1.30 x 10- 5 ft-./sec.

K = 0.87 ft.,/da.

K = 3.06 x 10-" cm./sec.

T - TRANSMISSIVITY

T * (K) (D) (7.48 gpd/ft)

T - ( 0.87) ( 13.0) (7.48)

T w 84.60 gpd/ft



SLUG OUT TE5T

MONITOR WELL NUMBER: MiW-02 TF T

PELEVATION TOP OF CASING: 36.8'7

ELEVATION WATER (IN): ELEVATION WATER (OUT): 16.2

DEPTH OF WELL (TOC): 30.18 irIAMETER OF CHSING: .167 FEET

SCREEN LENGTH AND INTERVAL: 10 FEET. K TO '2V..5 FEET BELOW GRADE

SCREEN/FILTER TY(PE: .; 10 FARTIALL(':'NETFATIflOY 2 /4O GRADE -*"LICm' SAND

Z1 ~LIFR YF JD THICK<NESS: -ILTi 'SAND PiND SA ND). 1.3 TO :EET i ,ELOjb C3FADE

H(o) rRANSLATION: 1.4 i(0) iHEORETICA~L: I153

INITIAL CONSISTENT VALUE: 14.8 FRANS. M1ETH. (SLUL OUT) T(O): .02

FINAL TrRANSDUCER VALUE: 16.2



,UG TEST OUT:

SAMPLE TIME TIME T(O) XD A/ DATUM H/H(O) 1/H( 0
NUMBER MINUTES) (SECONDS) TRANS. READING TRANS. TRANS. TRANS. THEG'•

00o 0 -.o2 14.64 -.16 1.56 1.1143 1.0196
001 .0033 .198 -. 016 16.1- .32 .08 .0571 .052 i0 02 .0067 .402 .-013'3 14.86 .oo 1. 34 .9571 .8!-

003 .01 -.01 .5 .0 .6071 .5556
004 .0133 .798 -.)06' 11.83 .33 1.37 .9786 .89c.

005 .0167 1.002 -.0073 !4.9,4 ..4 1.26 .9 .823
006 .02 1.2 067 t. 1.4 1 .915
007 .1333 1.398 .0033 t4.84 .04 1.36 .7714 .888,
1008 .0267 1.602 0067 ".4" .8 1 A; .9429 .8629 .864

009 .03 1.8 .01 14 ,09 1.31 .9357 .8562
010 .0133 1.?9 .1633 1. , 1 .29 9214 .8431
020 .05 2 .18 15.54 .2 .6 .8571 •784 A
01 .0667 4.002 90467 15.59 .79 .1 .8 .396
022 .233 1.998 633 . ,4 .04 .7429 .o797

.1 15 .03 1. .37 .77 .69^9 .636
15 .1167 7.002 .0967 5.7 .94 .91 .65 .594.

C, .233 167.998 1.633 15. .Z 1.:6 .143 .5621
17 .35 .13 15.40 .17 .8 .5714 .28

018 .1667 10.002 .1467 15.45 .65 .75 .5357 .490
019 9133 10.998 .1633 15.50 .0 .7 .5 .457
020 .12.18 !5.54 .4.66 .4714 .43141

029 .Z167 15.002 .1967 .15.59 .7? .61 .4357 .3989
0 A. 1 .99P .213:3 15.•4 . 4 .56 .4 .36o0

03 .5 30 .48 15.67 a7. .3 .3786 .3464
024 .Z667 16.002 .6467 15.70 .9 .5 .3571 .328
-)25 .2833 16.998 2633 15.7 .3 .47 .3 57 .307:-'

026 .3 18 .28 15.77 .7 .43 .3071 .281
}7 .:167 19. G02 .2967 " ,5.01..2857 .'61, J

!2 .333 19.998 .Z133 16.81 1.03 .07 .643 .-41
039 .4167 55.002 .3967 16.91 1.14 . .1857 .1699
030 .5 30 .48 16.00 1.2 .0 .1429 .1307
031 15833 34.998 .5633 16.05 1.25 .1 .1071 .09
038 .6667 40.002 .6467 16.08 1.28 .12 .0857 .078
033 .75 45 .73 16.10 1.3 . .0714 .0654
034 .333 49.998 .8133 16.12 1.36 .08 .0571 .052,

035 .9167 55.002 .8967 16.13 1.33 .07 .05 .045L

036 1 60 .98 16.13 1.36 .07 .096 .0458
037 1 .08533 64.998 1.0633 16.13 1.33 .07 .05 .045t"
038 1.1667 70.002 1.146? 16.15 1.35 .05 .0357 .032,')
039 1.25 75 1.23 16.15 1.35 .05 .0357 .0327
040 1 .3333 79.998 1.3133 16.16 1.36 .04 .0286 .02,641
041 1.4167 85.002 1.3967 16.16 1.36 .04 .0286 .0261
o042'L 1.5 90 1.48 16.16 1.36 .04 .0286 .0261

043 1.583 94.98 1.563 16.16 1.36 .04 .0206 .0261
044 1.6667 100.002 1.6467 16.16 1.36 .04 .0286 .02621



.UG TEST OUT:
I]

SAMPLE r'IE TIME T(O) XD Alp DATUM H H/H(O) H/H(Oi

NUMBER kMINUTES) (SECONDS) TRANS. READING TRANS. TRANS. TRANS. THEOR.

045 1.75 105 1.73 16.16 I.36 .o4 .0286 .0261

,'46 1.833 109.78 1.813 16.16 i.36 .04 .0286 .0261

047 1.9167 115.002 [.'96'- 16.18 1.38 1.2 .0143 .0131

048 2 120 1.98 L6.13 1.38 .02 .0143 .0131

049 2.5 150 2.48 1.b.13 1.38 .02 .0143 .0131

050 3 180 ".58 L6.10 i.38 .02 .0143 .0131

051 3.5 210 3.48 1o.20 1.4 1.3323e-!5 0 0

052 4 240 3.98 L,.20 1.4 1.3323e-I5 0 0

053 4.5 270 41.48 16."0 1.4 1.323- 5 0 0

654 5 300 4.98 . .4 1 .13 '2e.5 0 0
.55 5.5 330 ..4P .6.0I. 132e!

,156 0 L..8 .. 0 1.4 ].33 - L" 0 "

..65 .-,.8 '0 4.498 1..2 0 1. -. 3 3 1 ' 0) "
8. " .4 16.2 1 .4 1.3323e-1 0 0)

.628 9 40 8.9 ,16A..v0 •. .33
05 9.5 50 9.48 16.20 1.4 1.333. 1 0 0

,60 0 100 9.98 16.20 1.4 0 0 0

J61 .5 720 .48 16.20 i1.4 1 0. Z2e-1 5 0 0

,67 9 540 8.98 16.20 1.4 I .... 0 0

063 9.5 570 9.48 16.20 1.4 1 0.,3 Z e 15 0 0

064 10 600 9.98 16.20 1.4 0 0 0

11 )0 0 0

065 2 720 11.98 0 0-,166 14 84.0 1.98oooo

067 16 960 15.98 0 0 0

068 28 1080 ..7.98 '0 0 0

069 30 1800 '9.98 0 0 0
70.,32 120 31.98 0 0 0 0

v71 34 1440 33.98 ' 0 0 )

072 26 1560 5.98 0 0 0 0

u73 38 1680 .37.98 0 0 0 0074 :0 1800 39.98 0 0 0 0
075 2 1920 31.98 0 0 0 0

076 34 2040 35.98 0 0 0 0

077 j6 2160 35.98 0 0 0 0

078 48 2,80 37.98 0 0 0 0

079 40 2400 39.98 0 0 0 0

080 42 2520 41.98 0 0 0 0

081 44 2640 43.98 0 0 0 0

082 46 2760 45.98 0 0 0 0

083 48 2880 47.98 0 0 0 0

084 50 3000 49.98 0 0 0 0

005 52 3120 51.98 0 0 0 0
086 54 3240 53.98 0 0 0 0

087 56 3360 55.98 0 0 0 0

088 58 3480 57.98 0 0 0 0

089 60 3600 59.98 0 0 0 0

0
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3LUG- OUT TEST i
Well 11,. ,W-02

Casino Diameter = in.= .167 ft.
Casing radius ( r.) =083 ft,
Lenoth of screen (L) A.51 ft.
Height of water from oase of screen ,) .51 ft.
Radius of borenole tr.) .:44 rtt.
Thickness of Aquifer iD) ?.51 f.
C = 1."5

1.41 yt = 0.17h0 . .C sec.

- I

I C
in(R.,r. - -

In H/r .' r.

--I~~i t.73

in( o. 31/. 44) k6.5,I/. 344 )

= Z7.14

K = HYDRAULIC CONDUCTIVITY

K = ----------- --- x ii y./>-)

t

:.081)3 'L.14) I

K = --------- x --- X in (1.41/.170)
2(6.51) 30

K = 7.98 x I0 - 5 ft./sec.

K = 6.90 ft./da.

K = 2.43 x 10- 3 cM./sec.

T " TRANSMISSIVITY

T (K) (D) (7.48 gpd/ft)

T (6.90) (9.51) (7.48)

T m 490.83 apd/ft



SLUG OUT TEST

MONITOR WELL NUMBER: 1W-02 TEST 2

ELEVATION TOP OF CASING: 36.87

ELEVATION WATER (IN): ELEVATION WATER (OUT): 16.2

DEPTH OF WELL (TOC): 30.18 OIAMETER OF CASING: .167 FEET

---------------------------------------------------------------------------------------
:SCREEN LENGTH AND INTERVAL: 10 FEET. 1.5.5 TO 2.15 FEET PELOW GRADE

--------------------------------------------------------------------------------------
*CREEN/FILTER, TYF'E: 4 10 PARIILLY F'ENETRATING/ 20/40 GRADE SILICA SAND

--------------------------------------------------------------------------------------
AQUIFER TYFE AND THICKNESS: SILTY SAND AND SAND. 18 TO ? FEET !BELOW GRADE

--------------------------------------------------------------------------------------
H(O) TRANSLATION: 1.38 H(O) THEORETICAL:

-- --------------------------------------------------------- ------------------------
INITIAL CONSISTENT VALUE: 14.8 TRANS. METH. (SLUG OUT) T(O): .0233

------------------------------------------------------------------------------------ I
FINAL TRANSDUCER VALUE: 16.1B

----------------------------------------------------- ---------------------------------

II



SLUG TEST OUT:
H'

SAMPLE TIME TIME T(0) XD A/B DATUM H H/H(O) H/H(O)
NUMBER 'MINUTES) (SECONDS) TRANS. READING TRANS. TRANS. TRANS. THEOR.

000 0 0 -.0233 16.40 1.6 -.22 -.1594 -.1438
001 .0033 .198 -.02 14.84 .04 1.34 .971 .8758
002 .0067 .402 -.0166 15.69 .89 .49 .3551 .3203
003 .01 .6 -.0133 15.10 .3 1.08 .7826 .7059
004 .0133 .798 -.01 15.07 .27 1.11 .8043 .7255
005 .0167 1.002 -.0066 15.03 .23 1.15 .8333 .7516
006 .02 1.2 -.0033 14.83 .03 1.35 .9783 .8824
007 .0233 1.398 0 14.80 0 1.38 1 .902
008 .0267 1.602 .0034 14.86 .06 1.32 .9565 .8627
009 .03 1.8 .0067 14.88 .08 1.3 .942 .8497
010 .0333 1.998 .01 14.91 .11 1.27 .9203 .8301
011 .05 3 .0267 14.99 .19 1.19 .8623 .7778
012 .0667 4.002 .0434 15.07 .27 1.11 .8043 .7255
013 .0833 4.998 .)6 15.15 .35 1.03 .7464 .6732
014 .1 6 .0767 15.21 .41 .97 .7029 .634
015 .1167 7.002 .0934 15.27 .47 .91 .6594 .5948
016 .1333 7.998 .11 15.34 .54 .84 .6087 .549
017 .15 9 .1267 15.38 .58 .8 .5797 .5229
018 .1667 10.002 .1434 15.45 .65 .73 .529 .4771
019 .1833 10.998 .16 15.50 .7 .68 .4928 .4444
020 .2 12 .1767 15.55 .75 .63 .4565 .4118
021 .2167 13.002 .1934 15.59 .79 .59 .4275 .3856
022 .2333 13.998 .21 15.62 .82 .56 .4058 .366
023 .25 15 .2267 15.65 .85 .53 .3841 .3464
024 .2667 16.002 .2434 15.70 .9 .48 .3478 .3137
025 .2833 16.998 .26 15.73 .93 .45 .3261 .2941
026 .3 18 .2767 15.77 .97 .41 .2971 .268
027 .3167 19.002 .2934 15.80 1 .38 .2754 .2484
028 .3333 19.998 .31 15.81 1.01 .37 .2681 .2418
029 .4167 25.002 .3934 15.92 1.12 .26 .1884 .1699
030 .5 30 .4767 15.99 1.19 .19 .1377 .1242
031 .5833 34.998 .56 16.04 1.24 .14 .1014 .0915
032 .6667 40.002 .6434 16.07 1.27 .11 .0797 .0719
033 .75 45 .7267 16.08 1.28 .1 .0725 .0654
034 .8333 49.998 .81 16.10 1.3 .08 .058 .0523
035 .9167 55.002 .8934 16.12 1.32 .06 .0435 .0392
036 1 60 .9767 16.12 1.32 .06 .0435 .0392
037 1.0833 64.998 1.06 16.13 1.33 .05 .0362 .0327
038 1.1667 70.002 1.1434 16.13 1.33 .05 .0362 .0327
039 1.25 75 1.2267 16.15 1.35 .03 .0217 .0196
040 1.3333 79.998 1.31 16.15 1.35 .03 .0217 .0196
041 1.4167 85.002 1.3934 16.15 1.35 .03 .0217 .0196
042 1.5 90 1.4767 16.15 1.35 .03 .0217 .0196
043 1.583 94.98 1.5597 16.15 1.35 .03 .0217 .0196

044 1.6667 100.002 1.6434 16.16 1.36 .02 .0145 .0131

!
!



SLUG TEST OUT:
H'

SAMPLE TIME TIME T(O) XD A/B DATUM H H/H(O) H/HU()
NUMBER (MINUTES) (SECONDS) TRANS. READING TRANS. TRANS. TRANS. THE(

045 1.75 105 1.7267 16.16 1.36 .02 .0145 .01Z
046 1.833 109.98 1.8097 16.16 1.36 .02 .0145 .01.
047 1.9167 115.002 1.8934 16.16 1.36 .02 .0145 .0131
048 2 120 1.9767 16.16 1.36 .02 .0145 .01
049 2.5 150 2.4767 16.18 1.38 8.8818e-16 0 0
050 3 180 2.9767 16.18 1.38 8.8818e-16 0 0
051 3.5 210 3.4767 16.18 1.38 8.8818e-16 0 0
052 4 240 3.9767 16.18 1.38 8.8818e-16 0 0
053 4.5 270 4.4767 16.18 1.38 8.8818e-16 0 0
054 5 300 4.9767 16.18 1.38 8.8818e-16 0 0
055 5.5 330 5.4767 16.18 1.38 8.8818e-16 0 0
056 6 360 5.9767 16.18 1.38 8.8818e-16 0 0
057 6.5 390 6.4767 16.18 1.38 8.8818e-16 0 0
058 7 420 6.9767 16.18 1.38 8.8818e-16 0 0
059 7.5 450 7.4767 16.18 1.38 8.8818e-16 0 0
060 8 480 7.9767 16.18 1.38 8.8818e-16 0 0
061 8.5 510 8.4767 16.18 1.38 8.8818e-16 0 0
062 9 540 8.9767 16.18 1.38 8.8818e-16 0 0
063 9.5 570 9.4767 16.18 1.38 8.8818e-16 0 0
064 10 600 9.9767 16.18 1.38 0 0 0
065 12 720 11.9767 0 0 0 0
066 14 840 13.9767 0 0 0 0
067 16 960 15.9767 0 0 0 0
068 18 1080 17.9767 0 0 0 0
069 20 1200 19.9767 0 0 0 0
070 22 1320 21.9767 0 0 0 0
071 24 1440 23.9767 0 0 0 0
072 26 1560 25.9767 0 0 0 0
073 28 1680 27.9767 0 0 0 0
074 30 1800 29.9767 0 0 0 0
075 32 1920 31.9767 0 0 0 0
076 34 2040 33.9767 0 0 0 0
077 36 2160 35.9767 0 0 0 0
078 38 2280 37.9767 0 0 0 0
079 40 2400 39.9767 0 0 0 0
080 42 2520 41.9767 0 0 0 0
081 44 2640 43.9767 0 0 0 0
082 46 2760 45.9767 0 0 0 0
083 48 2880 47.9767 0 0 0 0
084 50 3000 49.9767 0 0 0 0
085 52 3120 51.9767 0 0 0 0
086 54 3240 53.9767 0 0 0 0
087 56 3360 55.9767 0 0 0 0
088 58 3480 57.9767 0 0 0 0
089 60 3600 59.9767 0 0 0 0

0
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;LUG- ., UT
Well i b. 'IW-("

Casino Liameter = Z in. = .167 T'-.
Casino r-,alus Ire .83 ft.

Lenath of screen tL) = .51 rt.
Heiant OT water trom oase of u:creen il' z.51 ft.
Radius of borenole (r.) . -4 T t.
Thickness of AQuiTer kD) ;.51 ft.

O1.40 . = 0.165 t s', .e,.

3.1

In r.

In( 6.511/.344) ,6.51/.344)

= 2.14

K - HYDRAULIC CONDUCTIVITY

r.2 ln(R.ir.,, 1
K = ----------- - lnyy,

.v83): <..14' I

K --------- x --- x in (1.40/.Io5)
2(6.51) 30

K = 8.07 x 10-5 ft./sec.

K = 6.97 ft./da.

K = 2.46 x 10-3 cm./sec.

T * TRANSMISSIVITY

T M (K) (D) (7.48 gpd/ft)

T * (6.97) ( 9.51) (7.48)

T * 495,91 gpd/ft



SLUG IN TEST

MONITOR WELL NUMBER: 11W-O,.
----------------------------------------------------------------------------------------
ELEVATION TOP OF CASING: 37.a

---------------------------------------------------------------------------------
ELEVATION WATER (IN): 26.oJ :LEVAIOIJ WATER (OUT):

----------------------------- --------------------------------------------------IDEPTH OF WELL (TOC): 25.03 ..IAMETER OF CASING: .167 FEET

-----------------------------------------------------------------------------------------
:SCREEN LENGTH AND INTERVAL: 10 FEET. ;.5 TO 20.5 FEET BELOW GRADE

---- - --- -- - -- ---- -.... - - - - - - -- - - - ---- . -- - - - - - - - - - - - - - - -- - - - - - -- - - -- - - -

* 3CREErJ/FILTER TYPE: ti 10 FY;LLr FEcETFPATIIIG/ 220/40 GRADE SILICA SAND
----------------------------------------------------------------------------------------

*IIIFE&, T'FE AND THICKNESS: ' ILTY S:AND 6'JD CLAYEY SILT. 12 T0 14.5 FEET LDELOW GRADE

-----------------------------------------------------------------------------------------
H(O) TRANSLATION: 1.05 H(0) THEORETICAL: 1.5z

---------------------------------------------------------------------------------------
INITIAL CONSISTENT VALUE: 27.77 TRANS. METH. (SLUG IN) T(O): .0667

FINAL TRANSDUCER VALUE: 26.72

-- - - - - - - - - - - - - - - - - - - - - -- - - - - - - - - - - - - - - - - - - - - -



SLUG TEST IN:
H'

SAMPLE TIME TIME T(O) XD A/B DATUM H H/H(O) H/H(O)
NU1BER (MINUTES) (SECONDS) TRANS. READING TRANS. TRANS. TRANS. THEOR.

000 0 0 -.0667 28.07 .3 .75 .7143 .4902
001 .0033 .198 -.0634 27.75 .02 1.03 .981 .6732
002 .0067 .402 -.06 28.18 .41 .64 .6095 .4183
003 .01 .6 -.0567 29.06 1.29 -.24 -.2286 -.1569
004 .0133 .798 -.0534 27.58 .19 .86 .819 .5621
005 .0167 1.002 -.05 27.59 .18 .87 .8286 .5686
006 .02 1.2 -.0467 28.39 .62 .43 .4095 .281
007 .0233 1.398 -.0434 28.80 1.03 .02 .019 .0131
008 .0267 1.602 -.04 28.26 .49 .56 .5333 .366
009 .03 1.8 -.0367 28.15 .38 .67 .6381 .4379
010 .0333 1.998 -.0334 28.25 .48 .57 .5429 .3725
011 .05 3 -.0167 28.52 .75 .3 .2857 .1961
012 .0667 4.002 0 27.77 0 1.05 1 .6863
013 .0833 4.998 .0166 27.72 .05 1 .9524 .6536
014 .1 6 .0333 27.71 .06 .99 .9429 .6471
015 .1167 7.002 .05 27.66 .11 .94 .8952 .6144
016 .1333 7.998 .0666 27.64 .13 .92 .8762 .6013
017 .15 9 .0833 27.61 .16 .89 .8476 .5817
018 .1667 10.002 .1 27.58 .19 .86 .819 .5621
019 .1833 10.998 .1166 27.56 .21 .84 .8 .549
020 .2 12 .1333 27.53 .24 .81 .7714 .5294
021 .2167 13.002 .15 27.53 .24 .81 .7714 .5294
022 .2333 13.998 .1666 27.52 .25 .8 .7619 .5229
023 .25 15 .1833 27.50 .27 .78 .7429 .5098
024 .2667 16.002 .2 27.48 .29 .76 .7238 .4967
025 .2833 16.998 .2166 27.47 .3 .75 .7143 .4902
026 .3 18 .2333 27.47 .3 .75 .7143 .4902
027 .3167 19.002 .25 27.45 .32 .73 .6952 .4771
028 .3333 19.998 .2666 27.44 .33 .72 .6857 .4706
029 .4167 25.002 .35 27.39 .38 .67 .6381 .4379
030 .5 30 .4333 27.34 .43 .62 .5905 .4052
031 .5833 34.998 .5166 27.31 .46 .59 .5619 .3856
032 .6667 40.002 .6 27.28 .49 .56 .5333 .366
033 .75 45 .6833 27.25 .52 .53 .5048 .3464
034 .8333 49.998 .7666 27.21 .56 .49 .4667 .3203
035 .9167 55.002 .85 27.18 .59 .46 .4381 .3007
036 1 60 .9333 27.17 .6 .45 .4286 .2941
037 1.0833 64.998 1.0166 27.13 .64 .41 .3905 .268
038 1.1667 70.002 1.1 27.12 .65 .4 .381 .2614
039 1.25 75 1.1833 27.10 .67 .38 .3619 .2484
040 1.3333 79.998 1.2666 27.07 .7 .35 .3333 .2288
041 1.4167 85.002 1.35 27.05 .72 .33 .3143 .2157
042 1.5 90 1.4333 27.04 .73 .32 .3048 .2092
043 1.583 94.98 1.5163 27.02 .75 .3 .2857 .1961
044 1.6667 100.002 1.6 27.01 .76 .29 .2762 .1895



SLUG TEST IN:
Ho

SAMPLE TIME TIME T(O) XD A/B DATUM H H/It(0) H/H(O
NUMBER "MINUTES) (SECONDS) TRANS. READING TRANS. TRANS. TRANS. THEOR.

045 1.75 105 1.6833 26.99 .8 .25 .2381 .1634
046 1.833 109.98 1.7663 26.97 .81 .24 .2286 .1569
047 1.9167 115.002 1.85 26.96 .81 .24 .2286 .1569
048 2 120 1.9333 26.96 .87 .18 .1714 .1176
049 2.5 150 2.4333 26.90 .92 .13 .1238 .085
050 3 180 2.9333 26.85 .95 .1 .0952 .0654
051 3.5 210 3.4333 26.82 .97 .08 .0762 .0523
052 4 240 3.9333 26.80 .99 .06 .0571 0392
053 4.5 270 4.4333 26.78 1 .05 .0476 .0327

054 5 300 4.9333 26.77 1.02 .03 .0286 0196
055 5.5 330 5.4333 26.75 1.02 .03 .0286 0196
056 6 360 5.9333 26.75 1.03 .02 .019 .0131
057 6.5 390 6.4333 26.74 1.03 .02 .019 .0131
058 7 420 6.9333 26.74 1.03 .02 .019 .0131
059 7.5 450 7.4333 26.74 1.03 .02 .019 .0131
060 8 480 7.9333 26.74 1.05 -6.661e-16 0 0
061 8.5 510 8.4333 26.72 1.05 -6.661e-16 0 0
062 9 540 8.9333 26.72 1.05 -6.661e-16 0 0
063 9.5 570 9.4333 26.72 1.05 -6.661e-16 0 0
064 10 600 9.9333 26.72 0 0 0 0
065 12 720 11.9333 0 0 0 0
066 14 840 13.9333 0 0 0 0
067 16 960 15.9333 0 0 0 0
068 i8 1080 17.9333 0 0 0 0
069 20 1200 19.9333 0 0 0
070 22 1320 21.9333 0 0 0 0
071 24 1440 23.9333 0 0 0 0
072 26 1560 25.9333 0 0 0 0
073 28 1680 27.9333 0 0 0 0
074 30 1800 29.9333 0 0 0 0
075 32 1920 31.9333 0 0 0 0
076 34 2040 33.9333 0 0 0 0
077 36 2160 35.9333 0 0 0 0
078 38 2280 37.9333 0 0 0 0
079 40 2400 39.9333 0 0 0 0
080 42 2520 41.9333 0 0 0 0
081 44 2640 43.9333 0 0 0 0
082 46 2760 45.9333 0 0 0 0
083 48 2880 47.9333 0 0 0 0
084 50 3000 49.9333 0 0 0 0
085 52 3120 51.9333 0 0 0 0
086 54 3240 53.9333 0 0 0 0
087 56 3360 55.9333 0 0 0 0
088 58 3480 57.9333 0 0 0 0
089 60 3600 59.9333 0 0 0 0I
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SLUG- 1!4
Well tMo. i:J-03

Casino iDiameter =Zin.=10
Casino rAdius (r,) = v23 fi..

Lenath at screen kLU z u.0 ft.
Heiaht of water from o~s cre:-, ?!t.
Radius of borehole kr. ."4 T
ThiC~.ness of Aottifer (D)

Y. 0.64 t = k) . -D

1n r'. L/r.

in(CQI6/ .--44, i 10.o .544)

42 .60

K HYDRAULIC CONDUCTIVITY

r,2 1nF.'.~
K =---------------------

K ------------- n r (0.84/.ZZ 0

2(10.0) 120

K =1.00 x 10-' ft./sec.

K = 0.86 ft./da.

K = 3.05 x 10-4 cm./sec.

T *TRANJ61IS9IVITY

T a MK (D) (7.48 qpd/ft)

T *(0.S6) C2.5 )(7.48)

T 16.09 gpd/ft



.1

SLUG OUT TES- .1

MONITOR WELL NUMBEREF: W

ELEVATION TOP OF CASING: 37.8 I7i

ELEVATION WATER IN; t.E.,ATION WATER (OUT): 26.63

LEPTH OF WELL tTOC': 5.C, -iTAMETER OF CASING: .167 FEET

SCREEN LENGTH AND INTERVAL. !0 FEET. 10.5 TO 20.5 FEET BELOW GRADE

SCREEN/FILTER TYPE: 4 10 FULLY PENETRATING/ 20/40 GRADE SILI:A SAND

AQUIFER TYPE AND THICKNESS: SILTY SAND AND CLAYEY SILT. 12 TO 14.5 FEET BELOW GRADE

H(O) TRANSLATION: 1.37 H(O) THEORETICAL: 1.53

INITIAL CONSISTENT VALUE: 25.3Z TRANS. NETH. (3LUG OUT) 7(0): .0233

---------------------------------------------------------------------

FINAL TRANSDUCER VALUE: 26.69

---------- ------------------------------------------------------------

FT



SLUG TEST OUT:
H"

SAMPLE TIME TIME T(O) .XD A/B DATUM H H/H(O r,'T,
NUMBER MINUTES) SECONDS) TRANS. READING TRANS. TRANS. ,TRANS. THEOR.

000 0 0 -.0233 26.9Z 1.64 -.27 -.1971 -.176
001 .0033 .i98 -. 02 26.34 1.02 .35 .2555 2288
002 .0067 .402 -.0166 25.81 .49 .88 .6423 .5752
003 .01 .6 -.0133 25.45 .13 1.24 .9051 .8105
004 .0133 .798 -.01 25.62 .3 1.07 .781 .6993
005 .0167 1.002 -.0066 25.13 -. 19 1.56 1.1387 1.0196
006 .02 i.2 -.0033 25.46 .14 i.23 .3978 .8039
007 .0233 1.398 0 25.32 0 1.37 1 .8954
008 .0267 1.602 .0034 25.39 .07 1.3 .9489 .8497
009 .03 1.8 .0067 25.42 .1 1.27 .927 .8301
010 .0333 1.995 .01 25.43 .11 1.26 .?197 .8235
011 .05 3 .0267 25.5i .18 ' 19 .3686 .77P
012 .)667 4.002 .)434 25. 6 .24 .13 .3248 -386
013 .J833 4. 99 .,6 25.51 -" ,5 -883 "383
014 1 6 .0767 25.e6 .34 1.03 .-518 .6732
015 .1167 7.002 .0934 25.69 .37 1 .7299 .6536
016 .1333 7.998 .11 25.7' -4 .97 .708 .634
017 .15 9 .1267 25.75 .43 .94 .6861 .6144
018 .1667 10.002 .1434 25-77 .45 .92 .6715 .6013
019 .1833 10.998 .16 25.78 .46 .91 .6642 .5948
020 .2 12 .1767 25.81 .49 .88 .6423 .5752
021 .2167 13.002 .1934 25.83 .51 .86 .6277 .5621
022 .2333 13.998 .21 25.85 .53 .84 .6131 .549
023 .25 15 .2267 25.86 .54 .83 .6058 .5425
024 .2667 16.002 .2434 25.88 .56 .81 .5912 .5294
025 .2833 16.998 .26 25.89 .57 .8 .5839 .5229
026 .3 18 .2767 25.91 .59 .78 t693 .5098
027 .3167 19.002 .2934 25.93 .61 6 547 .4967

.28 3333 19.998 .31 25.99 .67 .7 5109 .457
929 .4167 25.002 .3934 25.99 .67 .7 t-109 .4575
030 .5 30 .4767 26.04 .72 .65 .4745 .4248
031 .5833 34.995 .56 26.08 .76 .61 .4453 .3987
032 .6667 40.002 .6434 26.12 .8 .57 .4161 .3725
033 .75 45 .7267 26.15 .83 .54 .3942 .3529
034 .8333 49.998 .81 26.18 .86 .51 .3723 .3333
035 .9167 55.002 .8934 26.21 .89 .48 .3504 .3137
036 1 60 .9767 26.23 .91 .46 .3358 .3007
037 1.0833 64.998 1.06 26.24 .92 .45 .3285 .2941
038 1.1667 70.002 1.1434 26.28 .96 .41 .2993 .268
039 1.25 75 1.2267 26.29 .97 .4 .292 .2614
040 1.3333 79.998 1.31 26.31 .99 .38 .2774 .2484
041 1.4167 85.002 1.3934 26.34 1.02 .35 .2555 .2288
042 1.5 90 1.4767 26.35 1.03 .34 .2482 .2222
043 1.583 94.98 1.5597 26.37 1.05 .32 .2336 .2092
044 1.6667 100.002 1.6434 26.39 1.07 .3 .219 •1961

I



SLUG TEST OUT:
H,

SAMPLE TIME TIME T(O) XD A/B DATUM H H/H(O) H/H
NUMBER .,MINUTES') (SECONDS) TRANS. READING TRANS. TRANS. TRANS. THE-.,-,

045 1.75 105 1.7267 26.40 1.08 .29 .2117 .18
046 1.833 109.98 1.8097 26.40 1.08 .29 .2117 .1895
047 1.9167 115.002 :.8934 26.42 1.1 .27 .1971 .17c5
048 2 120 1.9767 26.43 1.11 .26 .1898 .16
049 2.5 150 2.4767 26.50 1.18 .19 .1387 .1242
050 3 180 2.9767 26.55 1.23 .14 .1022 .0919
051 3.5 210 3.4767 26.58 1.26 .11 .0803 .07
052 4 240 3.9767 26.61 1.29 .08 .0584 .05-0
053 4.5 270 4.4767 26.63 1.31 .06 .0438 .0392
054 5 300 4.9767 26.63 1.31 .06 .0438 .03
055 5.5 330 5.4767 26.64 1.32 .05 .0365 .03
056 6 360 5.9767 26.66 1.34 .03 .0219 .0196
057 6.5 390 6.4767 26.67 1.35 .02 .0146 .01 "
058 7 420 6.9767 26.67 1.35 .02 .0146 .01
059 7.5 450 7.4767 26.67 1.35 .02 .0146 .0131
060 8 480 7.9767 26.67 1.35 .02 .0146 .013'
061 8.5 510 8.4767 26.69 1.37 -8.882e-16 0 0
062 9 540 8.9767 26.69 1.37 -8.882e-16 0 0
063 9.5 570 9.4767 26.69 1.37 -8.882e-16 0 0
064 10 600 9.9767 26.69 1.37 0 0 0
065 12 720 11.9767 0 0 0 0
066 14 840 13.9767 0 0 0 0
067 16 960 15.9767 0 0 0 0
068 18 1080 17.9767 0 0 0 0
069 20 1200 19.9767 0 0 0 0
070 22 1320 21.9767 0 0 0 0
071 24 1440 23.9767 0 0 ) 0
072 26 1560 25.9767 0 0 0 0
073 28 1680 27.9767 0 0 0 0
074 30 1800 29.9767 0 0 0 0
075 32 1920 31.9767 0 0 0 0
076 34 2040 33.9767 0 0 0 0
077 36 2160 35.9767 0 0 0 0
078 38 2280 37.9767 0 0 0 0
079 40 2400 39.9767 0 0 0 0
080 42 2520 41.9767 0 0 0 0
081 44 2640 43.9767 0 0 0 0
082 46 2760 45.9767 0 0 0 0
083 48 2880 47.9767 0 0 0 0
084 50 3000 49.9767 0 0 0 0
085 52 3120 51.9767 0 0 0 0
086 54 3240 53.9767 0 0 0 0
087 56 3360 55.9767 0 0 0 0
088 58 3480 57.9767 0 0 0 0
089 60 3600 59.9767 0 0 0 0

0
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3 LUG- 00T
Well No. PIW-Q.

Casina Diameter = ' in. .167
Casino r aIuS (r) = .083 ft.

Lenatn of screen (L) . 0. f,.
Height of water from ease ot screen -i, 10.86 rt.
Radius of borehole (r.j .344 fi.
ThicKness of Aquifer u)) = 2.5 r .
C .
y. 0.81 Y, = 0.25 t = 120 c.

S 1.1

- ------ - -----
In Hit.. L

------------------------
ln(10.86/.S,4) i10.u/.34 4 )

2 2. 6U0

K = HYDRAULIC CONDUCTIVITY

r= In tR.,r.. 1
K --- -- -- -- - -- ' I l y '"

L

k 0 3) .,60) i

K ---------- --- In (0.81/.Z"

2(10.0) 120

K = 8.77 x 10-' ft./sec.

K = 0.76 ft./da.

K = 2.67 x 10- 4 cm./sec.

T - TRANGMISSIVITY

T a (K) (D) (7.48 gpd/ft)

T a (0.76) ( 2.5 ) (7.48)

T a 14.21 apd/ft



zLUG UlhT -- 3

* MONITOR WELL NU'MBER: EST-~ I~

ELEVATION TOP OF CASING: .

* ELEVATION WATER 1:A: ;,LETCIi WATER 1 U.- . ).-

DEPTHi uF WELL 071C, : .6 AME7E-. IF Cm'aSIt'G: .167 FEET

3 CREEN LEPZGTH A~ND IN'TEF.,L: t) EET. .-. ) -C FEET SLOW GRADE

:-REEh/F!L-TER -,- I I; - L "JET-rI4l;L,/ : P :iL .Li..' W;Nb

.. QUIFER TYP';E AiWD T:CIEB~*AE -- Ti ANPD. TO 7 r-ET I;ELG.

*H(O) T.-ANSLAION: 1.2'? 10) THEOFRETICAL;

INITIAiL CONSISTENT V ;LUE: Z1.9e6 ;ANS. flETH. ,3LUG OUT) T(O): .

FINAL --'ANSDUCEF, VALUE: 23.115

-- -------------------------------------------



SLUG TEST OUT:

SAMPLE TIME TIME T(O) XD A/B DATUM H H/H(O) HM(O)
NUMBER ,MINUTES) (SECONDS) TRANS. READING TRANS. TRANS. TRANS. THE(-

000 0 0 -.03 22.87 .91 .38 .2946 .24PA

001 .0033 .198 -.0267 21.56 -.4 1.69 1.3101 1.l( 6
002 .0067 .402 -.0233 21.66 -.3 1.59 1.2326 1.03d2
003 .01 .6 -.02 21.80 -.16 1.45 1.124 .9477
004 .0133 .798 -.0167 21.85 -.11 1.4 1.0853 .9
005 .0167 1.002 -.0133 21.87 -.09 1.38 1.0698 .9G,.
006 .02 1.2 -. 01 21.91 -. 05 1.34 1.0388 .8758
007 .0233 1.398 -. 0067 21.95 -. 01 1.3 1.0078 .84'
008 .0267 1.602 -.0033 21.99 .03 1.26 .9767 .82.
009 .03 1.8 0 21.96 0 1.29 1 .8431
010 .0333 1.998 .0033 22.03 .07 1.22 .9457 .79"'
011 .05 3 .02 22.15 .19 1.1 .8527 .7'
012 .0667 4.002 .0367 22.26 .3 .99 .7674 .6471
013 .0833 4.998 .0533 22.36 .4 .89 .6899 .5817
014 .1 6 .07 22.44 .48 .81 .6279 .52
015 .1167 7.002 .0867 22.52 .56 .73 .5659 .47,
016 .1333 7.998 .1033 22.58 .62 .67 .5194 .4379
017 .15 9 .12 22.65 .69 .6 .4651 .392
018 .1667 10.002 .1367 22.69 .73 .56 .4341 .3f
019 .1833 10.998 .1533 22.74 .78 .51 .3953 .3333
020 .2 12 .17 22.79 .83 .46 .3566 .30C-
021 .2167 13.002 .1867 22.82 .86 .43 .3333 .2E
022 .2333 13.998 .2033 22.87 .91 .38 .2946 .2484
023 .25 15 .22 22.90 .94 .35 .2713 .228A
024 .2667 16.002 .2367 22.93 .97 .32 .2481 .20E
025 .2833 16.998 .2533 22.95 .99 .3 .2326 .196L
026 .3 18 .27 22.96 1 .29 .2248 .1895
027 .3167 19.002 .2867 22.98 1.02 .27 .2093 .17E
028 .3333 19.998 .3033 23.01 1.05 .24 .186 .15E-
029 .4167 25.002 .3867 23.07 1.11 .18 .1395 .1176
030 .5 30 .47 23.11 1.15 .14 .1085 .091"
031 .5833 34.998 .5533 23.14 1.18 .11 .0853 .071
032 .6667 40.002 .6367 23.17 1.21 .08 .062 .0523
033 .75 45 .72 23.19 1.23 .06 .0465 .039
034 .8333 49.998 .8033 23.20 1.24 .05 .0388 .032
035 .9167 55.002 .8867 23.20 1.24 .05 .0388 .032t
036 1 60 .97 23.22 1.26 .03 .0233 .0196
037 1.0833 64.998 1.0533 23.22 1.26 .03 .0233 .019
038 1.1667 70.002 1.1367 23.23 1.27 .02 .0155 .013-
039 1.25 75 1.22 23.23 1.27 .02 .0155 .0131
040 1.3333 79.998 1.3033 23.23 1.27 .02 .0155 .01"
041 1.4167 85.002 1.3867 23.23 1.27 .02 .0155 .013
042 1.5 90 1.47 23.25 1.29 8.8818e-16 0 0
043 1.583 94.98 1.553 23.25 1.29 8.8818e-16 0 0
044 1.6667 100.002 1.6367 23.25 1.29 8.8818e-16 0 0



SLUG TEST OUT:
H'

SAMPLE TIME TIME T(O) XD A/B DATUM H H/H(O) HH40)
NUMBER (MINUTES) (SECONDS) TRANS. READING TRANS. TRANS. TRANS. THEOR.

045 1.75 105 1.72 23.25 1.29 8.8818e-16 0 0
046 1.833 109.98 1.803 23.25 1.29 8.8818e-16 0 0
047 1.9167 115.002 1.8867 23.25 1.29 8.8818e-16 0 0
048 2 120 1.97 23.25 1.29 8.8818e-16 0 0
049 2.5 150 2.47 23.27 1.31 -.02 -.0155 -.0131
050 3 180 2.97 23.27 1.31 -.02 -.0155 -.0131
051 3.5 210 3.47 23.27 1.31 -.02 -.0155 -.0131
052 4 240 3.97 23.25 1.29 8.8818e-16 0 0
053 4.5 270 4.47 23.25 1.29 8.8818e-16 0 0
054 5 300 4.97 23.25 1.29 8.8818e-16 0 0
055 5.5 330 5.47 23.27 1.31 -.02 -.0155 -.0131
056 6 360 5.97 23.27 1.31 -.02 -.0155 -.0131
057 6.5 390 6.47 23.27 1.31 -.02 -.0155 -.0131
058 7 420 6.97 23.27 1.31 -.02 -.0155 -.0131
059 7.5 450 7.47 23.25 1.29 8.8818e-16 0 0
060 8 480 7.97 23.25 1.29 0 0 0
061 8.5 510 8.47 0 0 0 0
062 9 540 8.97 0 0 0 0
063 9.5 570 9.47 0 0 0 0
064 10 600 9.97 0 0 0 0
065 12 720 11.97 0 0 0 0
066 14 840 13.97 0 0 0 0
067 16 960 15.97 0 0 0 0
068 18 1080 17.97 0 0 0 0
069 20 1200 19.97 0 0 0 0
070 22 1320 21.97 0 0 0 0
071 24 1440 23.97 0 0 0 0
072 26 1560 25.97 0 0 0 0
073 28 1680 27.97 0 0 0 0
074 30 1800 29.97 0 0 0 0
075 32 1920 31.97 0 0 0 0
076 34 2040 33.97 0 0 0 0
077 36 2160 35.97 0 0 0 0
078 38 2280 37.97 0 0 0 0
079 40 2400 39.97 0 0 0 0
080 42 2520 41.97 0 0 0 0
081 44 2640 43.97 0 0 0 0
082 46 2760 45.97 0 0 0 0
083 48 2880 47.97 0 0 0 0
084 50 3000 49.97 0 0 0 0
085 52 3120 51.97 0 0 0 0
086 54 3240 53.97 0 0 0 0
087 56 3360 55.97 0 0 0 0
088 58 3480 57.97 0 0 0 0
089 60 3600 59.97 0 0 0 0

0I
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o s I *
Lenatn of screen L- .7.r
Hejgnt -j'r water from - tv- r:eenr .?

Rai Ls of borehole krj .
Fhi c~nes~s of Atu fer

K=HYDRAULIC CONDUCTIVITY

K------------------ 
- In

K = 9.0~3 ft./da.

K =O cm./swc.

T -TRANSMISSZVITY

T (K) (D) (7.48 gpd/ft)

T *(9-033) (10.72) (7.48)

T x 724.08 god/ft



:LUG CJT 7S

MION1TCOR WELL NUMB1EER: liW--.--.

ELEVATION TOP OF CASING4: 7. '.

ELEVATION WATER EiN): C.L;_VA;TIOH W#47ER twUT): -, Z.Z7

* DEPTH OF WELL iTOC): 26.7 'IlAMETER GF CASING: .167 FEET

:SCREEN LEHGTH AND INTERVAL: 111 FE------ 0 .0 j-EET :ELOW GRADE

FCEEM/JFiLTER :E: i' T-L FfIG ./4 JrD XCAQN

.4Q)UIFE- R 7I:E A,.ji) THICK8'JE S; 'LAE.. -4u SAN-4D. L2 TCO '-EET L'ELuw. Ll,,ADE

Ht* r40 RAN.SL,-;iON: 1.ZZ '..O, 7HEORElICAL: 1.5Z

INITIAL IONSISTENT VALUE: 21.9 IRANS. ilETH. tSLUG OUT) T(O): . 1

FINAL TRANSDUCER VALUE: 2.2



W SLUG TEST OUT:
H"

h SAMPLE TIME TIME T(O) XD A/B DATUM H H/H(O) H/4H(O
NUMBER (MINUTES) (SECONDS) TRANS. READING TRANS. TRANS. TRANS. THEOR.

000 0 0 -.01 23.20 1.3 .03 .0226 .0196
001 .0033 .198 -.0067 21.45 -.45 1.78 1.3383 1.1634
002 .0067 .402 -.0033 21.91 .01 1.32 .9925 .8627
003 .01 .6 0 21.90 0 1.33 1 .8693
004 .0133 .718 .0033 21.95 .05 1.28 .9624 .8366
005 .0167 1.002 .0067 21.96 .06 1.27 .9549 .8301
006 .02 1.2 .01 21.99 .09 1.24 .9323 .8105
007 .0233 1.398 .0133 22.04 .14 1.19 .8947 .7778
008 .0267 1.602 .0167 22.06 .16 1.17 .8797 .7647
009 .03 1.8 .02 22.09 .19 1.14 .8571 .7451
010 .0333 1.998 .0233 22.10 .2 1.13 .8496 .7386
011 .05 3 .c. 22.23 .33 1 .7519 .6536
012 .0667 4.002 .- ,7 2.43 .9 .6767 .5882
013 .0833 4.998 .,j733 22.41 .51 .82 .6165 .5359
014 .1 6 .09 22.49 .59 .74 .5564 .4837
015 .1167 7.n32 .1067 22.57 .67 .66 .4962 .4314
016 .1333 7.998 .1233 22.61 .71 .62 .4662 .4052
017 15 9 .14 22.68 .78 .55 .4135 .3595
018 .1667 10.002 .1567 22.72 .82 .51 .3835 .3333
019 .1833 10.998 .1733 22.77 .87 .46 .3459 .3007
020 .2 12 .19 22.80 .9 .43 .3233 .281
021 .2167 13.002 .2067 22.84 .94 .39 .2932 .2549
022 .2333 13.998 .2233 22.87 .97 .36 .2707 .2353
023 .25 15 .24 22.90 1 .33 .2481 .2157
024 .2667 16.002 .2567 22.92 1.02 .31 .2331 .2026
025 .2833 16.998 .2733 22.93 1.03 .3 .2256 .1961
026 .3 18 .29 22.96 1.06 .27 .203 .1765
027 .3167 19.002 .3067 22.98 1.08 .25 .188 .1634
028 .3333 19.998 .3233 22.99 1.09 .24 .1805 .1569
029 .4167 25.002 .4067 23.06 1.16 .17 .1278 .1111
030 .5 30 .49 23.11 1.21 .12 .0902 .0784
031 .5833 34.998 .5733 23.14 1.24 .09 .0677 .0588
032 .6667 40.002 .6567 23.15 1.25 .08 .0602 .0523
033 .75 45 .74 23.17 1.27 .06 .0451 .0392
034 .8333 49.998 .8233 23.19 1.29 .04 .0301 .0261
035 .9167 55.002 .9067 23.20 1.3 .03 .0226 .0196
036 1 60 .99 23.22 1.32 .01 .0075 .0065
037 1.0833 64.998 1.0733 23.22 1.32 .01 .0075 .0065
038 1.1667 70.002 1.1567 23.22 1.32 .01 .0075 .0065
039 1.25 75 1.24 23.23 1.33 -1.776e-15 0 0
040 1.3333 79.998 1.3233 23.23 1.33 -1.776e-15 0 0
041 1.4167 85.002 1.4067 23.23 1.33 -1.776e-15 0 0
042 1.5 90 1.49 23.23 1.33 -1.776e-15 0 0
043 1.583 94.98 1.573 23.23 1.33 -1.776e-15 0 0
044 1.6667 100.002 1.6567 23.23 1.33 -1.776e-15 0 0

I
!



7

SLUG TEST OUT:

SAMPLE TIME TIME T(O) XD A/B PATIJN,
NUMBER (MINUTES) (SECONDS) TRANiS. READ!N, . r14. TRANS. TRS. THE(

045 1.75 105 1.74 23. 23 1.33 -.. 776e-.t
046 1.833 109.98 1.823 ,3.22 i.33 -1.776e- , 0
047 1.9167 115.002 1.9067 23.23 1.33 -i.776e- ' 0
048 2 120 1.99 23.23 1.33 -1.77- 5
049 2.5 150 2.49 23.23 1.33 -1.776e-15. 0 0
050 3 180 2.99 23.25 1.35 -.02 -.015 -.0121
051 3.5 210 3.49 23.25 1.35 -.02 -.015 -.0. 1
052 4 240 3.99 23.25 1.35 -.02 -.015 -.01].
053 4.5 270 4.49 23.23 1.33 -1.776e-1I 0 
054 5 300 4.99 23.23 1.33 -1.776e-.5 0
055 5.5 330 5.49 23.23 .33 -1. 7"6e-;
056 6 360 :.99-2.22 1.32 -1.77e-
057 6.5 390 .49 3.23 1f.33 -..7*6e - '.

058 7 420 .99 -3.23 1.33 -I.776e-. 0
059 7.5 450 7.49 23.23 1.33 -!.776e-1t 0 0
060 8 480 7.99 23.23 1.33 -1.776e-i5 ) 0
061 8.5 510 8.49 23.23 1.33 -i.776e-it 0 0
062 9 540 8.99 23.23 1.33 -1.776e-:5 0 0
063 9.5 570 9.49 23.23 1.33 -1.776e-15 0 0
064 10 600 9.99 23.23 1.33 0 0 0
065 12 720 11.99 0 0 0 0
066 14 840 13.99 0 0 0 0
067 16 960 15.99 ( 0 0 0
068 18 1080 17.99 0 0 0 0
069 20 1200 19.99 0 0 0 0
070 22 1320 21.99 1) 0 0 1
071 24 1440 23.99 , 0
072 26 1560 25.99 3 0 0 0
073 28 1680 27.99 0 0 0
074 30 1800 29.99 0 9 0 0
075 32 1920 31.99 0 0 0 0
076 34 2040 33.99 0 0 0 0
077 36 2160 35.99 0 0 0 0
078 38 2280 37.99 0 0 0 0
079 40 2400 39.99 0 0 0 0
080 42 2520 41.99 0 0 0 0
081 44 2640 43.99 0 0 0 0
082 46 2760 45.99 0 0 0 0
083 48 2880 47.99 0 0 0 0
984 50 3000 49.99 0 0 0 0
085 52 3120 51.99 0 0 0 0
086 54 3240 53.99 0 0 0 0
087 56 3360 55.99 0 0 0 0
088 58 3480 57.99 0 0 0 0
089 60 3600 59.99 0 0 0 0

0
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wIl
wel". z. 4l-

-."iSl ,, . de,," = 7 - .

-ena,, - cr c e n
nelont -" water "rom . ,- -- -
4*a ~lu z -- oo re no le . - . 4

rhiciness5 Zr Aoi~er , . -.

I.:

• .,,Z

-------- -------

= '. .,,

K = HYDRAULIC CONDUCTIVITY

K - --- -- -- -- --

K ---------

2(7.72) 1z

K 1.1Z x 10- 4 Tt.,sec.

K 9.66 ft./da.

K 3.41 4 10-3 cm./sec.

T TRANSHISSIVITY

T = (K) (D) (7.48 gpd/ft)

T = (9.66) (10.72) (7.48)

T = 774.59 gpd/ft

I



.7L.G bb- TEST

MONITO-R WELL NU4MB~ER: MW-. E:

ELEVATION TOP OF CASIIJO: -'.04

ELEVATION WATER IN): WLLYTCF i'lUT': 1.-

DEPTH OF WJELL 'OC.i: 0.6 AMEI;C7; SIt .17 r-

-CREEH LENGTH -IND liJTER'&j;.t: 0 FET z;:. ET ' L3RADb

-£CREEhJ'FitLTEZ. - r-, -jTAI'C N

AOUI-ErR T'E AND riHCKNEE37, -lLj , NAD ;,'D ~N.'3 TO ' 7EET E.Lcj~j I;TADE

H(O) TRANSLAPK:3H: 1.47 -,(J) 1.E,-7lAL

[NITIAL CONSISTENT V)ALUE: 1:.21 7RANS. IETH. iSLUG OUT) T(O): .01

FINAL 79ANSDUCER V'ALUE: 14.68

-------------------------------------I- ------



7I

SLUG TEST OUT:
H'

SAMPLE TIME TIME T(O) XD A/B DATUM H H/H(0 H/H(O
NUMBER (MINUTES) (SECONDS) TRANS. READING TRANS. TRANS. TRANS. THEG

000 0 0 -.01 13.75 .54 .93 .6327 .607-
001 .0033 .198 -.0067 13.23 .02 1.45 .9864 .947
002 .0067 .402 -.0033 13.13 -.08 1.55 1.0544 1.0131
003 .01 .6 0 13.21 0 1.47 1 .9600
004 .0133 .798 .0033 13.24 .03 1.44 .9796 .941
005 .0167 1.002 .0067 13.28 .07 1.4 .9524 .91L
006 .02 1.2 .01 13.31 .1 1.37 .932 .8954
007 .0233 1.398 .0133 13.34 .13 1.34 .9116 .875
008 .0267 1.602 .0167 13.36 .15 1.32 .898 .862.
009 .03 1.8 .02 13.40 .19 1.28 .8707 .8366
010 .0333 1.998 .0233 13.44 .23 1.24 .8435 .810
011 .05 3 .04 13.50 .29 1.18 .8027 .771
012 .0667 4.002 .0567 13.63 .42 1.05 .7143 .863
013 .0833 4.998 .0733 13.72 .51 .96 .6531 .627r
014 .1 6 .09 i3.80 .59 .88 .5986 .575
015 .1167 7.002 .1067 13.90 .69 .78 .5306 .509b
016 .1333 7.998 .1233 14.02 .81 .66 .449 .4314
017 .15 9 .14 14.09 .88 .59 .4014 .385,
018 .1667 10.002 .1567 14.15 .94 .53 .3605 .346-
019 .1833 10.998 .1733 14.20 .99 .48 .3265 .3137
020 .2 12 .19 14.25 1.04 .43 .2925 .28
021 .2167 13.002 .2067 14.29 1.08 .39 .2653 .254!
022 .2333 13.998 .2233 14.33 1.12 .35 .2381 .2288
023 .25 15 .24 14.37 1.16 .31 .2109 .202c
024 .2667 16.002 .2567 14.39 1.18 .29 .1973 .189.
025 .2833 16.998 .2733 14.42 1.21 .26 .1769 .1699
026 .3 18 .29 14.44 1.23 .24 .1633 .1569
027 .3167 19.002 .3067 14.47 1.26 .21 .1429 .137:
028 .3333 19.998 .3233 14.48 1.27 .2 .1361 .130'1
029 .4167 25.002 .4067 14.55 1.34 .13 .0884 .085
030 .5 30 .49 14.58 1.37 .1 .068 .065,
031 .5833 34.998 .5733 14.61 1.4 .07 .0476 .045L
032 .6667 40.002 .6567 14.63 1.42 .05 .034 .0327
033 .75 45 .74 14.63 1.42 .05 .034 .032-
034 .8333 49.998 .8233 14.64 1.43 .04 .0272 .026)
035 .9167 55.002 .9067 14.64 1.43 .04 .0272 .0261
036 1 60 .99 14.66 1.45 .02 .0136 .0137
037 1.0833 64.998 1.0733 14.66 1.45 .02 .0136 .013:
038 1.1667 70.002 1.1567 14.66 1.45 .02 .0136 .0131
039 1.25 75 1.24 14.66 1.45 .02 .0136 .0131
040 1.3333 79.998 1.3233 14.66 1.45 .02 .0136 .013:
041 1.4167 85.002 1.4067 14.66 1.45 .02 .0136 .0131
042 1.5 90 1.49 14.66 1.45 .02 .0136 .0131
043 1.583 94.98 1.573 14.68 1.47 1.1102e-15 0 0
044 1.6667 100.002 1.6567 14.68 1.47 1.1102e-15 0 0



SLUG TEST OUT:
H'

SWMPLE TIME TIME T(O) XD A/B DATUM H H/H(O) H/H(O)
NUMBER (MINUTES) (SECONDS) TRANS. READING TRANS. TRANS. TRANS. THEOR.

045 1.75 105 1.74 14.68 1.47 1.1102e-15 0 0
046 1.833 109.98 1.823 14.68 1.47 1.1102e-15 0 0
047 1.9167 115.002 1.9067 14.68 1.47 1.1102e-15 0 0
048 2 120 1.99 14.68 1.47 1.1102e-15 0 0
049 2.5 150 2.49 14.68 1.47 1.1102e-15 0 0
050 3 180 2.99 14.68 1.47 1.1102e-15 0 0
051 3.5 210 3.49 14.68 1.47 1.1102e-15 0 0
052 4 240 3.99 14.69 1.48 -.01 -.0068 -.0065
053 4.5 270 4.49 14.69 1.48 -.01 -.0068 -.0065
054 5 300 4.99 14.69 1.48 -.01 -.0068 -.0065
055 5.5 330 5.49 14.69 1.48 -.01 -.0068 -.0065
056 6 360 5.99 14.69 1.48 -.01 -.0068 -.0065
057 6.5 390 6.49 14.68 1.47 1.1102e-15 0 0
058 7 420 6.99 14.69 1.48 -.01 -.0068 -.0065
059 7.5 450 7.49 14.68 1.47 1.1102e-15 0 0
060 8 480 7.99 14.69 1.48 -.01 -.0068 -.0065
061 8.5 510 8.49 14.69 1.48 -.01 -.0068 -.0065
062 9 540 8.99 14.69 1.48 -.01 -.0068 -.0065
063 9.5 570 9.49 14.69 1.48 -.01 -.0068 -.0065
064 10 600 9.99 14.69 1.48 -.01 -.0068 -.0065
065 12 720 11.99 14.68 1.47 0 0 0
066 14 840 13.99 0 0 0 0
067 16 960 15.99 0 0 0 0
068 18 1080 17.99 0 0 0 0
069 20 1200 19.99 0 0 0 0
070 22 1320 21.99 0 0 0 0
071 24 1440 23.99 0 0 0 0
072 26 1560 25.99 0 0 0 0
073 28 1680 27.99 0 0 0 0
074 30 1800 29.99 0 0 0 0
075 32 1920 31.99 0 0 0 0
076 34 2040 33.99 0 0 0 0
077 36 2160 35.99 0 0 0 0
078 38 2280 37.99 0 0 0 0
079 40 2400 39.99 0 0 0 0
080 42 2520 41.99 0 0 0 0
081 44 2640 43.99 0 0 0 0
082 46 2760 45.99 0 0 0 0
083 48 2880 47.99 0 0 0 0
084 50 3000 49.99 0 0 0 0
085 52 3120 51.99 0 0 0 0
086 54 3240 53.99 0 0 0 0
087 56 3360 55.99 0 0 0 0
088 58 3480 57.99 0 0 0 0
089 60 3600 59.99 0 0 0 0

0
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I

&aslno ,.ameter = i :n. .ioC-asino raalUS 1.,-=) = )83 j T.

Lenuln of screen IL) 5.60 r
Herqnt OT water from 'j-se - A,' 0 r+aalUS Of borenole t', .,A4 t
"hicKness of Aoujifer , .V

L --

!n= 0.37 ,=

-n H/ r ., '

C.1 1. 7

--- -- -- --- -. - - - -n( -.. 4.

K HYDRAULIC CONDUCTIVITY

rc2 ln(R./r.) 1
K= ------------- 

n v,

',.083)z ,,..0j) I

K =----------- x --- In (l.48/..9
2(5.80)

K =1.34 x 10- 4 ft./sec.

K = 11.58 ft.ida.

K 4.08 X 10- 3 cm./sec.

T TRAIMISSIVITY

T - (K) (D) (7.48 gpd/ft)

T " (11.58) ( 8.80) (7.48)

T " 762.24 9pd/ft



SLUG OUT TEST

* MONITOR WELL NUMBER: 1W-Os tH'i F

ELEVATION TOP OF CASING: 3-6.c4

ELEVATION WATER kIN): FLE%:A ION WATER: OUT): 1-1.76

* DEPTH OF WELL (TOC): 30.6A- JLAETER 0.: CA;SING: .167 FEET

SCREEN LENGTH AND INTERVAL: 10 FEET4, 2. TO 26.5 FEET E'ELOW GRADE

* 'SCREEN/FILTER TY PE: a 10 FAFVTIALL. -ENEiTRATIH' L01/40 GR~& IIASAND

;QUiFE-R T PE AN4D THICKNEEB: B-LTY, 4A;,4b ± L) f FEET i'ELUW W:ADE

H(0) TRANSLATION: 1 . E 0 ER ET!C-A L:.5

INITIAL CONSISTENT VALUE: 13.l1o ANS . .1E T H .,SLU -2 UT) T (v) 0

FINAL TRANSDUCER VALUE: 14.o8

L- ---- -- - - - - - - - - - - - - - - - -- - - - - - - - - - - - - - - - - - - - - -I



SLUG TEST OUT:
Hw

SAMPLE TIME TIME T(O) XD A/B DATUM H H/H(O) H/H(O)
NUMBER (MINUTES) (SECONDS) TRANS. READING TRANS. TRANS. TRANS. THEOR.

000 0 0 -.01 14.13 .97 .55 .3618 .3595
001 .0033 .198 -.0067 13.03 -.13 1.65 1.0855 1.0784
002 .0067 .402 -.0033 13.16 0 1.52 1 .9935
003 .01 .6 0 13.16 0 1.52 1 .9935
004 .0133 .798 .0033 13.22 .06 1.46 .9605 .9542
005 .0167 1.002 .0067 13.25 .09 1.43 .9408 .9346
006 .02 1.2 .01 13.28 .12 1.4 .9211 .915
007 .0233 1.398 .0133 13.33 .17 1.35 .8882 .8824
008 .0267 1.602 .0167 13.35 .19 1.33 .875 .8693
009 .03 1.8 .02 13.38 .22 1.3 .8553 .8497
010 .0333 1.998 .0233 13.41 .25 1.27 .8355 .8301
011 .05 3 .04 13.52 .36 1.16 .7632 .7582
012 .0667 4.002 .0567 13.59 .43 1.09 .7171 .7124
013 .0833 4.998 .0733 13.60 .44 1.08 .7105 .7059
014 .1 6 .09 13.76 .6 .92 .6053 .6013
015 .1167 7.002 .1067 13.84 .68 .84 .5526 .549
016 .1333 7.998 .1233 13.94 .78 .74 .4868 .4837
017 .15 9 .14 14.00 .84 .68 .4474 .4444
018 .1667 10.002 .1567 14.09 .93 .59 .3882 .3856
019 .1833 10.998 .1733 14.21 1.05 .47 .3092 .3072
020 .2 12 .19 14.24 1.08 .44 .2895 .2876
021 .2167 13.002 .2067 14.28 1.12 .4 .2632 .2614
022 .2333 13.998 .2233 14.33 1.17 .35 .2303 .2288
023 .25 15 .24 14.36 1.2 .32 .2105 .2092
024 .2667 16.002 .2567 14.38 1.22 .3 .1974 .1961
025 .2833 16.998 .2733 14.41 1.25 .27 .1776 .1765
026 .3 18 .29 14.43 1.27 .25 .1645 .1634
027 .3167 19.002 .3067 14.46 1.3 .22 .1447 .1438
028 .3333 19.998 .3233 14.48 1.32 .2 .1316 .1307
029 .4167 25.002 .4067 14.54 1.38 .14 .0921 .0915
030 .5 30 .49 14.57 1.41 .11 .0724 .0719
031 .5833 34.998 .5733 14.59 1.43 .09 .0592 .0588
032 .6667 40.002 .6567 14.62 1.46 .06 .0395 .0392
033 .75 45 .74 14.62 1.46 .06 .0395 .0392
034 .8333 49.998 .8233 14.63 1.47 .05 .0329 .0327
035 .9167 55.002 .9067 14.63 1.47 .05 .0329 .0327
036 1 60 .99 14.63 1.47 .05 .0329 .0327
037 1.0833 64.998 1.0733 14.65 1.49 .03 .0197 .0196
038 1.1667 70.002 1.1567 14.65 1.49 .03 .0197 .0196
039 1.25 75 1.24 14.65 1.49 .03 .0197 .0196
040 1.3333 79.998 1.3233 14.65 1.49 .03 .0197 .0196
041 1.4167 85.002 1.4067 14.65 1.49 .03 .0197 .0196
042 1.5 90 1.49 14.65 1.49 .03 .0197 .0196
043 1.583 94.98 1.573 14.65 1.49 .03 .0197 .0196
044 1.6667 100.002 1.6567 14.65 1.49 .03 .0197 .0196

I
I



7

SLUG TEST OUT:

Ho

SAMPLE TIME TIME T(O) XD A/B DATUM H H/H(O) H/H(O
NUMBER (MINUTES) (SECONDS) TRANS. READING TRANS. TRANS. TRANS. THE( .

045 1.75 105 1.74 14.67 1.51 .01 .0066 .OOfr
046 1.833 109.98 1.823 14.67 1.51 .01 .0066 .0Of
047 1.9167 115.002 1.9067 14.67 1.51 .01 .0066 .0065
048 2 120 1.99 14.67 1.51 .01 .0066 .00a
049 2.5 150 2.49 14.67 1.51 .01 .0066 .00(
050 3 180 2.99 14.67 1.51 .01 .0066 .00bo
051 3.5 210 3.49 14.67 1.51 .01 .0066 .0065
052 4 240 3.99 14.67 1.51 .01 .0066 .00t
053 4.5 270 4.49 14.67 1.51 .01 .0066 .0O0L
054 5 300 4.99 14.67 1.51 .01 .0066 .0065
055 5.5 330 5.49 14.67 1.51 .01 .0066 .00(
056 6 360 5.99 14.68 1.52 4.4409e-!6 0 0
057 6.5 390 6.49 14.68 1.52 4.4409e-16 0 o
058 7 420 6.99 14.68 1.52 4.4409e-16 0 0
059 7.5 450 7.49 14.67 1.51 .01 .0066 .00c
060 8 480 7.99 14.68 1.52 4.4409e-16 0 0
061 8.5 510 8.49 14.68 1.52 4.4409e-16 0 0
062 9 540 8.99 14.68 1.52 4.4409e-16 0 0
063 9.5 570 9.49 14.68 1.52 4.4409e-16 0 0
064 10 600 9.99 14.68 1.52 0 0 0
065 12 720 11.99 0 0 0 0
066 14 840 13.99 0 0 0 0
067 16 960 15.99 0 0 0 0
068 18 1080 17.99 0 0 0 0
069 20 1200 19.99 0 0 0 0
070 22 1320 21.99 0 0 0 0
071 24 1440 23.99 0 0 0 0
072 26 1560 25.99 0 0 0
073 28 1680 27.99 0 0 0 0
074 30 1800 29.99 0 0 0 0
075 32 1920 31.99 0 0 0 0
076 34 2040 33.99 0 0 0 A
077 36 2160 35.99 0 0 0 0
078 38 2280 37.99 0 0 0 0
079 40 2400 39.99 0 0 0 0
080 42 2520 41.99 0 0 0 0
081 44 2640 43.99 0 0 0 0
082 46 2760 45.99 0 0 0 0
083 48 2880 47.99 0 0 0 0
084 50 3000 49.99 0 0 0 0
085 52 3120 51.99 0 0 0 0
086 54 3240 53.99 0 0 0 0
087 56 3360 55.99 0 0 0 0
088 58 3480 57.99 0 0 0 0
089 60 3600 59.99 0 0 0 0

0

IL
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ud~lfl'Jt'-aie,_'r -:15.

uaWl so. , n o-r

L.enqt i ,T screen - ,,
Hei(nt DT waier Trom , cur -. een ,.i,

daaIUs of borenole ir-; .;4 .

Thic5ness of AeltiTer , . -,u -

o
Yo= 1.55 #t = 0;.-hi = 12 -e.r.

Y. t -- t

i n., r.; j

- -- - - - - - - -

* ~ 1 I.* 5

In I av, ->4 ~~'.44)

- 2.03

K = HYDRAULIC CONDUCTIVITY

r.r , Inh, ,, _; i

K---------------------- . In IL.J~J

K = .J - i" r
- - t., ec.

SK = 1., S. tt.,da.

K _.15 i0 - 3 .-m.,sec.

T = TRANSHISSIVITY

I ~T = 'K; , '".Mdgal

T = f11.75) ,.8O) (7.48)

T = 73.43 3pd/ft



3 LL U - , TES T

710NITDF.I WEL.L NUIMBER;

E-LEVAITOW' OP' uw CASING: - .

ELEVAT ION W ATER( 1 *w: 12-.d - .Vi -- WATER :I,'IT i:

DEPTH OF WELL lTOCf: ~ T6 iAPWT-E L": O."SING: .167 FEET

SCREE."4 LENGTH AiND iiATEF:VAL: -)FEET. .C FEET i4ELOW G~RADE

AULIIIER T :PE itND THICIESS;~ t -IlL ,NL)r.W;iLT' iCir- .-'94 :EET ."ELC1W ~t,ILE
----- ------------------------------------------------------------------------------

H(O) TZIANSLAiTION: i.1 -(O) MEORETICAL: .:

INITItAL %.ONSISTEHY VALUE: 13.4Z TRANS. METH. kSLUG IN) T(O): .v667

----- ------------------ ---------------------------- --------------------------------



SLUG TEST 2,
H"

SAMP TE TIME TIME T(O1 XD A/B DATUM H H /P(0) H/H
NUMBER MINUTES) (SECONDS) TRANS. FEADING TRANS. TRANS. TRANS. THEOR.

QOu 0 0 -.0667 14.56 1.14 -.04 -.0364 -.0261
001 .0033 .198 -.0634 13.80 .38 .72 .6545 .4706
002 .0067 .402 -.06 14.28 .86 .24 .2182 .1569
003 .)1 .6 -.0567 ?X69 .27 .83 .7545 .5425
004 .0133 .798 -.0534 :3.88 .46 .64 .5818 .4183
005 .0167 1.002 -.05 14.14 .72 .38 .3455 .2484
006 .02 1.2 -.0467 13.82 .4 .7 .6364 .4575
007 .0233 1.398 -.0434 13.69 .27 .83 .7545 .5425
008 .0267 1.602 -.04 14.15 .73 .37 .3364 .2418
009 .)3 1.8 -. 0367 13.45 .03 1.07 .3727 .6993
010 .0333 1.998 -.0334 14.18 .76 .24 .3091 .2222
011 .- 5 3 -. 0167 13.32 .1 1 .9091 .6536
012 .0667 4.002 9 13.42 0 1.1 1 .719
013 .0833 4.998 .0166 13.32 .1 1 .9091 .6536
014 .1 6 .0333 13.28 .14 .96 .8727 .6275
015 .1167 7.002 .05 13.23 .19 .91 .8273 .5948
016 .1333 7.998 .0666 13.20 .22 .88 .8 .5752
017 15 9 .0833 :3.15 .27 .83 .7545 .5425
018 .1667 10.002 .1 13.12 .3 .8 .7273 .5229
019 .1833 10.998 .1166 13.09 .33 .77 .7 .5033
020 .2 12 .1333 13.05 .37 .73 .6636 .4771
021 .2167 13.002 .15 :3.02 .4 .7 .6364 .4575
022 .2333 13.998 .1666 -2.99 .43 .67 .6091 .4379
023 .25 15 .1833 12.96 .46 .64 .5818 .4183
024 .2667 16.002 .2 12.94 .48 .62 .5636 .4052
025 .2B33 16.998 .2166 12.91 .51 .59 .5364 .3856
026 .3 18 .2333 12.90 .52 .58 .5273 .3791
027 .3167 19.002 .25 12.88 .54 .56 .5091 .366
028 .3333 19.998 .2666 12.85 .57 .53 .4818 .3464
029 .4167 25.002 .35 12.77 .65 .45 .4091 .2941
030 .5 30 .4333 12.69 .73 .37 .3364 .2418
031 .5833 34.998 .5166 12.64 .78 .32 .2909 .2092
032 .6667 40.002 .6 12.59 .83 .27 .2455 .1765
033 .75 45 .6833 12.56 .86 .24 .2182 .1569
034 .8333 49.998 .7666 12.53 .89 .21 .1909 .1373
035 .9167 55.002 .85 12.50 .92 .18 .1636 .1176
036 1 60 .9333 12.48 .94 .16 .1455 .1046
037 1.0833 64.998 1.0166 12.47 .95 .15 .1364 .098
038 1.1667 70.002 1.1 12.45 .97 .13 .1182 .085
039 1.25 75 1.1833 12.43 .99 .11 .1 .0719
040 1.3333 79.998 1.2666 12.42 1 .1 .0909 .0654
041 1.4167 85.002 1.35 12.42 1 .1 .0909 .0654
042 1.5 90 1.4333 12.40 1.02 .08 .0727 .0523
043 1.583 94.98 1.5163 12.40 1.02 .08 .0727 .0523
044 1.6667 100.002 1.6 12.39 1.03 .07 .0636 .0458I!



SLUG TEST :.N:
H"

SAMPLE TIME TiME T(O) XD A/B E-ATLIM H H /.0 H/H>
NUMBER .'MINUTES) (SECONDS' 1TRANS. READING TRANS. TRANS. TRANS. THEOR.

045 1.75 105 1.683i 12.39 1.05 .05 .0455 .0327
046 1.833 109.98 1.7663 !2.37 1.05 .05 .2)455 .0327
047 1.9167 115.002 i.85 :2.37 1.05 .05 .0455 .0327
048 2 120 1.9333 12.37 1.07 .03 .0273 .0196
049 2.5 150 2.4333 12.35 1.08 .02 .0182 .0131
050 3. 180 '2.9333 -2.34 1.08 .02 .0182 .0131
051 3.5 210 3.4333 12..34 .1.08 .02 .0182 .0131
052 4 240 3.9333 :2.34 1.08 .92 .'182 .A131
053 4.5 270 4.4333 12.34 1.0 .02 .182

5 300 4.9333 12.34 1. 4.4409e->'
055 5.5 330 5.4333 l2.3 i.1 4.4409e-! 0
056 6 360 5.9333 :2.32l i.i 4.4409e-!S 0
057 6.5 390 6.4333 :2.32 1.1 4.4409e-! 0 0
058 7 420 6.9333 12.32 i.1 4.4409e-16 0 0
059 7.5 450 7.4333 :2.32 i.i 4.4409e-l.5 0 0
060 8 480 7.9333 12.32 1.1 4.4409e-16 03 0
061 8.5 510 8.4333 !2.32 I.i 4.4409e-! 1 0
062 9 540 8.9333 12.32 1.1 4.4409e-16 r 0
063 9.5 570 9.4333 :2.32 I.i 4.4409e-14 0 0
064 10 600 9.9333 12.32 0 0
065 12 720 11.9333 0 0 0
066 14 840 13.9333 0 0
067 16 960 15.9333 0 1)
068 18 1080 17.9333 n
069 20 1200 19.9333 0
070 22 1320 21.9333 0 C 0
071 24 1440 23.9333 0 0
072 26 1560 25.9333 0 0 0
073 28 1680 27.9333 0 0 0 0
074 30 1800 29.9333 0 0 0 0
075 32 1920 31.9333 0 0 0 0
076 34 2040 33.9333 0 0 0
077 36 2160 35.9333 0 0 0
078 38 2280 37.9333 0 0 0 0
079 40 2400 39.9333 0 0 0 0
080 42 2520 41.9333 0 0 0 0
081 44 2640 43.9333 0 0 0 0
082 46 2760 45.9333 0 0 0 0
083 48 2880 47.9333 0 0 0 0
054 50 3000 49.9333 0 0 0 0
085 52 3120 51.9333 0 0 0 0
086 54 3240 53.9333 0 0 0 0
087 56 3360 55.9333 0 0 0 0
088 58 3480 57.9333 0 0 0 0
089 60 3600 59.9333 0 0 0 0
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SLU3- I t,
Well No. IIW-u7

asinq b.,ameter = in. l .oll f- ,

LaSina rauM I r ,) .083 1t.
tenatn OT screen tL) = 10.0 ft.
Heioht of water from base OT s,'reen flfi t4.08 ft.
Radius of borenole -r.) *.44 ft.
'hicp:nesE of Aauifer (Di) o.0 ft.

= 1.9
v , = .08 ,t -- 0.61i t s 2 .ec.

1. C

I n { t , r : - - ----
n Hit L,, r,.

in (14.03/. *J44t qI.0.4

2.77

K HYDRAULIC CONDUCTIVITY

' -- - - -- - - t I / C)? '

2L"

K ------------- in (I,08/.,

K = .t.4 x 10 -  It./sec.

K : i.9* ft./da.

K 1.38 x 10 cm.isec.

T TRANSMISSIVITY

~T = (K) (D) (7.48 gpdl'/

T j.92) 8.0 (7.48)

T =254."7 gpdlft



'-LUG 1-)UT T--:-T

I'ONI TD WELL r,4LIPER: HW-&.' 7

ELEVATION TOP OF CASIH6: 3

ELEVATION WATER iiN': 'ELEVATIO WATER oi)UTi: Z2

DEPTH OF WELL :n) 27?.96 viAMFTFz, OF CASING: .1.67 FEET

FCREEN LLMOGTH A14D Ii4TEFP1h1- LO FEET. jr TO fl i EET -ELOW GRFADE

+C~EN/Fh TE. FiFT~7NG/Qi4 L6RADE SI ±.i .i'4b

A 0 LI1 V7EP i FE A Wi) j'H1C KNE ~ L-i:-r f ,ND i SZAND. I, 70] Z4 FEET £-'EL1JW (3RADE

HtO) TRANSLATION:~ I.3 Hii) THEORETICAL: 1.5

INITIAL CONSISTENT VALUE: 10.97 TRANS. M'ETH. (SLUG OUT) r(o): .0667

FINAL 7RANSDUCER VJALUiE: 12.32

-- ---------------- ------- ---------------------



SLUG TEST OUT:
H,

SAMPLE TIME TIME T(O) XD A/B DATUM H H/H(O) H/H(O)
NUMBER (MINUTES) (SECONDS) TRANS. READING TRANS. TRANS. TRANS. THE(C.

000 0 0 -.0667 11.94 .97 .38 .2815 .24f"
001 .0033 .198 -.0634 11.70 .73 .62 .4593 .40!
002 .0067 .402 -.06 11.62 .65 .7 .5185 .4575
003 .01 .6 -.0567 11.22 .25 1.1 .8148 .710
004 .0133 .798 -.0534 11.35 .38 .97 .7185 .6
005 .0167 1.002 -.05 11.75 .78 .57 .4222 .372z,
006 .02 1.2 -.0467 12.75 1.78 -.43 -.3185 -.281
007 .0233 1.398 -.0434 11.25 .28 1.07 .7926 .6W,
008 .0267 1.602 -.04 11.99 1.02 .33 .2444 .21f..
009 .03 1.8 -.0367 12.48 1.51 -.16 -.1185 -.1046
010 .0333 1.998 -.0334 11.40 .43 .92 .6815 .603
011 .05 3 -.0167 10.73 -.24 1.59 1.1778 1.0C 2
012 .0667 4.002 0 10.97 0 1.35 1 .8824
013 .0833 4.998 .0166 11.05 .08 1.27 .9407 .83
014 .1 6 .0333 11.13 .16 1.19 .8815 .771
015 .1167 7.002 .05 11.19 .22 1.13 .837 .738b
016 .1333 7.998 .0666 11.25 .28 1.07 .7926 .6993
017 .15 9 .0833 11.30 .33 1.02 .7556 .66E
018 .1667 10.002 .1 11.35 .38 .97 .7185 .,K
019 .1833 10.998 .1166 11.40 .43 .92 .6815 .6013
020 .2 12 .1333 11.45 .48 .87 .6444 .568
021 .2167 13.002 .15 11.49 .52 .83 .6148 .542
022 .2333 13.998 .1666 11.53 .56 .79 .5852 .5163
023 .25 15 .1833 11.56 .59 .76 .563 .49E
024 .2667 16.002 .2 11.59 .62 .73 .5407 .477
025 .2833 16.998 .2166 11.62 .65 .7 .5185 .4575
026 .3 18 .2333 11.65 .68 .67 .4963 .437q
027 .3167 19.002 .25 11.67 .7 .65 .4815 .424
028 .3333 19.998 .2666 11.70 .73 .62 .4593 .405
029 .4167 25.002 .35 11.81 .84 .51 .3778 .3333
030 .5 30 .4333 11.89 .92 .43 .3185 .28
031 .5833 34.998 .5166 11.97 1 .35 .2593 .228
032 .6667 40.002 .6 12.02 1.05 .3 .2222 .1961
033 .75 45 .6833 12.05 1.08 .27 .2 .176'
034 .8333 49.998 .7666 12.10 1.13 .22 .163 .143
035 .9167 55.002 .85 12.13 1.16 .19 .1407 .1242
036 1 60 .9333 12.15 1.18 .17 .1259 .1111
037 1.0833 64.998 1.0166 12.16 1.19 .16 .1185 .104
038 1.1667 70.002 1.1 12.19 1.22 .13 .0963 .081
039 1.25 75 1.1833 12.19 1.22 .13 .0963 .085
040 1.3333 79.998 1.2666 12.21 1.24 .11 .0815 .071
041 1.4167 85.002 1.35 12.22 1.25 .1 .0741 .065.
042 1.5 90 1.4333 12.22 1.25 .1 .0741 .0654
043 1.583 94.98 1.5163 12.24 1.27 .08 .0593 .052
044 1.6667 100.002 1 6 12.24 1.27 .08 .0593 .052

0



SLUG TEST OUT:
H'

SAMPLE TIME TIME T(O) XD A/B DATUM H H/O) H/H(O)
NUMBER (MINUTES) (SECONDS) TRANS. READING TRANS. TRANS. TRANS. THEOR.

045 1.75 105 1.6833 12.24 1.27 .08 .0593 .0523
046 1.833 109.98 1.7663 12.26 1.29 .06 .0444 .0392
047 1.9167 115.002 1.85 12.26 1.29 .06 .0444 .0392
048 2 120 1.9333 12.26 1.29 .06 .0444 .0392
049 2.5 150 2.4333 12.29 1.32 .03 .0222 .0196
050 3 180 2.9333 12.30 1.33 .02 .0148 .0131
051 3.5 210 3.4333 12.30 1.33 .02 .0148 .0131
052 4 240 3.9333 12.30 1.33 .02 .0148 .0131
053 4.5 270 4.4333 12.30 1.33 .02 .0148 .0131
054 5 300 4.9333 12.30 1.33 .02 .0148 .0131
055 5.5 330 5.4333 12.30 1.33 .02 .0148 .0131
056 6 360 5.9333 12.32 1.35 4.4409e-16 0 0
057 6.5 390 6.4333 12.32 1.35 4.4409e-16 0 0
058 7 420 6.9333 12.32 1.35 4.4409e-16 0 0
059 7.5 450 7.4333 12.32 1.35 4.4409e-16 0 0
060 8 480 7.9333 12.32 1.35 4.4409e-16 0 0
061 8.5 510 8.4333 12.32 1.35 4.4409e-16 0 0
062 9 540 8.9333 12.32 1.35 4.4409e-16 0 0
063 9.5 570 9.4333 12.32 1.35 4.4409e-16 0 0
064 10 600 9.9333 12.32 1.35 0 0 0
065 12 720 11.9333 0 0 0 0
066 14 840 13.9333 0 0 0 0
067 16 960 15.9333 0 0 0 0
068 18 1080 17.9333 0 0 0 0
069 20 1200 19.9333 0 0 0 0
070 22 1320 21.9333 0 0 0 0
071 24 1440 23.9333 ( 0 0 0
072 26 1560 25.9333 0 0 0 0
073 28 1680 27.9333 0 0 0 0
074 30 1800 29.9333 0 0 0 0
075 32 1920 31.9333 0 0 0 0
076 34 2040 33.9333 0 0 0 0
077 36 2160 35.9333 0 0 0 0
078 38 2280 37.9333 0 0 0 0
079 40 2400 39.9333 0 0 0 0
080 42 2520 41.9333 0 0 0 0
081 44 2640 43.9333 0 0 0 0
082 46 2760 45.9333 0 0 0 0
083 48 2880 47.9333 0 0 0 0
084 50 3000 49.9333 0 0 0 0
085 52 3120 51.9333 0 0 0 0
086 54 3240 53.9333 0 0 0 0
087 56 3360 55.9333 0 0 0 0
088 58 3480 57.9333 0 0 0 0
089 60 3600 59.9333 0 0 0 0

0 0
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;LUG- 'hUT
Well No. ,>J-07

,asula 1,anpter = ; in. .I ".

A~s~ft I nor .QJt

-enotn oT screen (L) 10.0 .,
-eiait ,ot water from oase ot -creen .H.' 4.08 ft.
;acdus of borehole trA.) .4L rt.
Chic'.nesELT AQuiTer (1)) ' 3 0 "t.

S.3 yt 0./s t t?

-i

4i H r

-1

In(4.0/.$4) ,00.0/ .344)

2-77

K = HYDRAULIC CONDUCTIVITY

In= }r I r ., i.

LL
.08S , . .LA L.Y77 >t.)

K------------- ... in (1,30,/.77,
2(i0.uj 12

K 4.37 x Il- * ft./sec.

K = 3.79 ft./da.

K = 1.33 X 10-3 rnM./Sec.

T u TRANSMISSIVITY

T = (K) (0) (7.48 qpd/ft)

T ( 3.79) ( 3.0 ) (7.48)

T 226.79 gpd/1't



5LLIG wi 5T

-------------------------------------------------------------:IONI TGi WELL 'ifEWK: i!-~

ELEVATION T0P OF CIASING: -2 .-,

-LEVATION WAIEF: ,lN): . -LLVATTOW N ATEk uLT)
-----------------------------------------------------------------------------------------

* DEPTH OF WELL ,TOC): j7.5 CTAI E R F C. rSIG: .167 FEET

SCREEN LENGTH AND iNTENVAL: 1" fEET. .C (( 21.0 FET 7~LQW r_,ALE

7CREEN FILIER T;CE: it t i 1; -,, 7NL TA Ti r6, iA, iILICA SAND

--- ------------------ -----------------------------------------------------

H(0+ "7FANSLA. .fU: .'b5 HiO) THEORETICAL: 1.53
------------------------------------------ ----------------------------

INITIAL CONSISTENT VALUE: 10.72 TRANS. IETH. (ViLUG IN) T(O): .03
------------------------------------------- -------------------------------------

IFINAL TTANSDUCEF VALUE: /6
---- --------------------------------------------------------------------------------



SLUG TEST IN:
H'

SAMPLE TIME TIME T(O) XD A/B DATUM H H/H(O) H/H(O)
NUMBER (MINUTES) (SECONDS) TRANS. READING TRANS. TRANS. TRANS. THEOR.

000 0 0 -.03 10.80 .08 .97 .9238 .634
001 .0033 .198 -.0267 13.34 2.62 -1.57 -1.4952 -1.0261
002 .0067 .402 -.0233 12.55 1.83 -.78 -.7429 -.5098
003 .01 .6 -.02 10.61 .11 .94 .8952 .6144
004 .0133 .798 -.0167 9.70 1.02 .03 .0286 .0196
005 .0167 1.002 -.0133 11.01 .29 .76 .7238 .4967
006 .02 1.2 -.01 11.52 .8 .25 .2381 .1634
007 .0233 1.398 -.0067 10.80 .08 .97 .9238 .634
008 .0267 1.602 -.0033 10.58 .14 .91 .8667 .5948
009 .03 1.8 0 10.72 0 1.05 1 .6863
010 .0333 1.998 .0033 10.66 .06 .99 .9429 .6471
011 .05 3 .02 10.43 .29 .76 .7238 .4967
012 .0667 4.002 .0367 10.42 .3 .75 .7143 .4902
013 .0833 4.998 .0533 10.37 .35 .7 .6667 .4575
014 .1 6 .07 10.34 .38 .67 .6381 .4379
015 .1167 7.002 .0867 10.31 .41 .64 .6095 .4183
016 .1333 7.998 .1033 10.29 .43 .62 .5905 .4052
017 .15 9 .12 10.26 .46 .59 .5619 .3856
018 .1667 10.002 .1367 10.24 .48 .57 .5429 .3725
019 .1833 10.998 .1533 10.23 .49 .56 .5333 .366
020 .2 12 .17 10.20 .52 .53 .5048 .3464
021 .2167 13.002 .1867 10.18 .54 .51 .4857 .3333
022 .2333 13.998 .2033 10.16 .56 .49 .4667 .3203
023 .25 15 .22 10.15 .57 .48 .4571 .3137
024 .2667 16.002 .2367 10.15 .57 .48 .4571 .3137
025 .2833 16.998 .2533 10.13 .59 .46 .4381 .3007
026 .3 18 .27 10.12 .6 .45 .4286 .2941
027 .3167 19.002 .2867 10.10 .62 .43 .4095 .281
028 .3333 19.998 .3033 10.08 .64 .41 .3905 .268
029 .4167 25.002 .3867 10.05 .67 .38 .3619 .2484
030 .5 30 .47 10.00 .72 .33 .3143 .2157
031 .5833 34.998 .5533 9.97 .75 .3 .2857 .1961
032 .6667 40.002 .6367 9.96 .76 .29 -2762 .1895
033 .75 45 .72 9.93 .79 .26 .2476 .1699
034 .8333 49.998 .8033 9.89 .83 .22 .2095 .1438
035 .9167 55.002 .8867 9.88 .84 .21 .2 .1373
036 1 60 .97 9.86 .86 .19 .181 .1242
037 1.0833 64.998 1.0533 9.85 .87 .18 .1714 .1176
038 1.1667 70.002 1.1367 9.83 .89 .16 .1524 .1046
039 1.25 75 1.22 9.81 .91 .14 .1333 .0915
040 1.3333 79.998 1.3033 9.80 .92 .13 .1238 .085
041 1.4167 85.002 1.3867 9.80 .92 .13 .1238 .085
042 1.5 90 1.47 9.78 .94 .11 .1048 .0719
043 1.583 94.98 1.553 9.78 .94 .11 .1048 .0719
044 1.6667 100.002 1.6367 9.77 .95 .1 .0952 .0654

I



SLUG TEST IN:
H'

SAMPLE TIME TIME T(O) XD A/B DATUM H H/H(O) H/H(O)
NUMBER (MINUTES) (SECONDS) TRANS. READING TRANS. TRANS. TRANS. THEOR.

045 1.75 105 1.72 9.77 .97 .08 .0762 .0523
046 1.833 109.98 1.803 9.75 .97 .08 .0762 .0523
047 1.9167 115.002 1.8867 9.75 .97 .08 .0762 .0523
048 2 120 1.97 9.75 1 .05 .0476 .0327
049 2.5 150 2.47 9.72 1.02 .03 .0286 .0196
050 3 180 2.97 9.70 1.03 .02 .019 .0131
051 3.5 210 3.47 9.69 1.03 .02 .019 .0131
052 4 240 3.97 9.69 1.05 -6.661e-16 0 0
053 4.5 270 4.47 9.67 1.05 -6.661e-16 0 0
054 5 300 4.97 9.67 1.05 -6.661e-16 0 0
055 5.5 330 5.47 9.67 1.05 -6.661e-16 0 0
056 6 360 5.97 9.67 1.05 -6.661e-16 0 0
057 6.5 390 6.47 9.67 1.05 -6.661e-16 0 0
058 7 420 6.97 9.67 1.05 -6.661e-16 0 0
059 7.5 450 7.47 9.67 1.05 -6.661e-16 0 0
060 8 480 7.97 9.67 1.05 -6.661e-16 0 0
061 8.5 510 8.47 9.67 1.05 -6.661e-16 0 0
062 9 540 8.97 9.67 1.05 -6.661e-16 0 0
063 9.5 570 9.47 9.67 1.05 -6.661e-16 0 0
064 10 600 9.97 9.67 0 0 0 0
065 12 720 11.97 0 0 0 0
066 14 840 13.97 0 0 0 0
067 16 960 15.97 0 0 0 0
068 18 1080 17.97 0 0 0 0
069 20 1200 19.97 0 0 0 0
070 22 1320 21.97 0 0 0 0
071 24 1440 23.97 0 0 0 0
072 26 1560 25.97 0 0 0 0
073 28 1680 27.97 0 0 0 0
074 30 1800 29.97 0 0 0 0
075 32 1920 31.97 0 0 0 0
076 34 2040 33.97 0 0 0 0
077 36 2160 35.97 0 0 0 0
078 38 2280 37.97 0 0 0 0
079 40 2400 39.97 0 0 0 0
080 42 2520 41.97 0 0 0 0
081 44 2640 43.97 0 0 0 0
082 46 2760 45.97 0 0 0 0
083 48 2880 47.97 0 0 0 0
084 50 3000 49.97 0 0 0 0
085 52 3120 51.97 0 0 0 0
086 54 3240 53.97 0 0 0 0
087 56 3360 55.97 0 0 0 0
088 58 3480 57.97 0 0 0 0
089 60 3600 59.97 0 0 0 0
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,4eli ,o .u-

.1SilnO )i.aet r in. - 6 . -,
ASl,.,u r'.,lUS , *!.U -!

Lenatl- .DT screen .' ";.v "T.
Heiant )-' water -rom o .se - - veer, . , -
M ddIUS or borencie , = .. 4- ;.

h1c ness 11 T A0 Ll 1 f V
C : I..7

i =H

- - - - -- - - - - - - - --- - - - -

I.ji i. '7

In(10 .7,)/. 4 ,t0.0, .,;44,

2 .59

K = HYDRAULIC CONDUCTIVITY

K --------- . iV,,

K r . . . . . . . , ii ';o, '.I. . -. J .

i~lO~o)12

K = 10 -5 tt./sec.

K = t.O. ./aa.

K = 1.07 j 10 - 3 cm./sec.

T = TRANSMISSIVITY

T = tK) (D t7.48 apd/'rt,

T = 1 3.02) ( 13.0) (7.48)

T = Z93.6o apd/ft



-LUGI iiF Ei

MOfNITI.R wELL -4UMBEI:

ELEVATICN TCIP OF Ct)SING z-7

ELEVA~TION~ WATE7i. 1w, ILE'i 1 13;,j W t T E R OUUT)

------------------------------------------------------------------------------------------

DEE~v~LPThH OFI WfEL CO. C. CrT Ai S Iv FEET BELW r I
--------------------------------------------------------------------------------------------

- ---------------------------------------------------------------------------------------------------------------------

t4 ir, --- II Ci1 1-E.E -, ~ >) LT 2AN~D. f; -- I -- 'ELOWJ iFRI)E
------------------------------------------------------------------------------------------

-nO'1 7RANS:-LA jT I L~cs -10 HE0RFETIC'AL: 1.
--------------------------------------------------------------------------------------------

INITIAL LONS13TENT VALUE: 3 .4 '"RANS. IP1ETH. i SLUG OUT) t0): Vu5
------------------------------------------------------------------------------------------

-INAL TPANSDUCER VALUE: .6<

---------------------------------------------------------------------------------------------------------



SLUG TEST OUT:

SAMPLE TIME TIME T(O) XD A/B DATUM H HA4(O H/H(O'
NUMBER ( MINUTES) (SEONDS) TRANS. READING TRANS. TRANS. TRANS. THE(

000 0 0 -.05 9.64 1.15 .03 .0254 OWf
001 .0033 .198 -.0467 8.97 .48 .7 .5932 -45'
002 .0067 .402 -.0433 8.94 .45 .73 .6186 .4771
003 .01 .6 -.04 9.05 .56 .62 .5254 .40"
004 .0133 .798 -.0367 8.91 .42 .76 .6441 .49(
005 .0167 1.002 -.0333 9.29 .8 .38 .322 .2464
006 .02 1.2 -.03 9.85 1.36 -.18 -.1525 -.1176
007 .0233 1.398 -.0267 8.92 .43 .75 .6356 .49(
008 .0267 1.602 -.0233 8.78 .29 .89 .7542 .581
009 .03 1.8 -.02 10.07 1.58 -.4 -.339 -.2614
010 .0333 1.998 -.0167 9.08 .59 .59 .5 .38!
011 .05 3 0 9.49 0 1.18 1 .7
012 .0667 4.002 .0167 8.45 -.04 1.22 1.0339 7974
013 .0833 4.998 .0333 6.54 .05 1.13 .9576 .73e"
014 .1 6 .05 8.62 .13 1.05 .8898 .68f
015 .1167 7.002 .0667 8.70 .21 .97 .822 .634
016 .1333 7.998 .0833 8.76 .27 .91 .7712 .5948
01" .15 9 .1 8.81 .32 .86 .7288 .562
018 .1667 10.002 .1167 8.86 .37 .81 .6864 .529.
019 .1833 10.998 .1333 8.91 .42 .76 .6441 .4967
020 .2 12 .15 8.94 .45 .73 .6186 .47"
021 .2167 13.002 .1667 8.99 .5 .68 .5763 .444
022 .2333 13.998 .1833 9.02 .53 .65 .5508 .4248
023 .25 15 .2 9.05 .56 .62 .5254 -405-
024 .2667 16.002 .2167 9.07 .58 .6 .5085 .392
025 .2833 16.998 .2333 9.10 .61 .57 .4831 .372!
026 .3 18 .25 9.11 .62 .56 .4746 .36A
027 .3167 19.002 .2667 9.15 .66 .52 .4407 .339
028 .3333 19.998 .2833 9.16 .67 .51 .4322 .333-
029 .4167 25.002 .3667 9.24 .75 .43 .3644 .281
030 .5 30 .45 9.29 .8 .38 .322 .248
031 .5833 34.998 .5333 9.32 .83 .35 .2966 .228
032 .6667 40.002 .6167 9.35 .86 .32 .2712 .2092
033 .75 45 .7 9.38 .89 .29 .2458 .189"
034 .8333 49.998 .7833 9.42 .93 .25 .2119 .163
035 .9167 55.002 .8667 9.43 .94 .24 .2034 .1569
036 1 60 .95 9.45 .96 .22 .1864 .1430
037 1.0833 64.998 1.0333 9.46 .97 .21 .178 .137
038 1.1667 70.002 1.1167 9.48 .99 .19 .161 .124;c
039 1.25 75 1.2 9.50 1.01 .17 .1441 .1111
040 1.3333 79.998 1.2833 9.51 1.02 .16 .1356 .104
041 1.4167 85.002 1.3667 9.53 1.04 .14 .1186 .091-
042 1.5 90 1.45 9.53 1.04 .14 .1186 .0915
043 1.583 94.98 1.533 9.54 1.05 .13 .1102 .08'
044 1.6667 100.002 1.6167 9.54 1.05 .13 .1102 .08



SLUG TEST OUT:
H,

SAMPLE TIME TIME T(O) XD A/B DATUM H H/H(O) H/H(O)

NUMBER MINUTES) SEONDSI TRANS. READING TRANS. TRANS. TRANS. THEOR.

045 1.75 105 1.7 9.56 1.07 .11 .0932 .0719

046 1.833 109.98 1.283 9.58 1.09 .09 .0763 .0588

047 1.9167 115.002 1.5667 9.58 1.09 .09 .0763 .0588

048 2 120 1.95 3.58 1.09 .09 .0763 .0588

049 2.5 150 2.45 9.61 1.12 .06 .0508 .0392

050 3 180 2.95 9.62 1.13 .05 .0424 .0327

051 3.5 210 3.45 9.64 1.15 .03 .0254 .0196

052 4 240 3.95 9.64 1.15 .03 .0254 .0196

053 4.5 270 4.45 9.65 1.16 .02 .0169 .0131

054 5 300 4.95 9.65 1.16 .02 .0169 .0131

055 5.5 330 5.45 ?.65 1.16 .02 .0169 .0131

056 6 360 5.95 ?.67 1.18 2.2204e-1- 0 0

057 6.5 390 5.45 9.67 1.18 2.2204e-i'3 0 0

058 7 420 63.95 9.67 1.18 2.2204e-i6 0 0

059 7.5 450 7.45 9.67 1.18 2.2204e-!6 0 0

060 8 480 7.95 9.67 1.18 2.2204e-16 0 0

061 8.5 510 8.45 9.67 1.18 2.2204e-16 0 0

062 9 540 8.95 9.67 1.18 2.2204e-16 0 0

063 9.5 570 9.45 9.67 1.18 2.2204e-16 0 0

064 10 600 9.95 9.67 1.18 0 0 0

065 12 720 11.95 0 0 0 0

066 14 840 13.95 0 0 0 0

067 16 960 15.95 0 0 0 0

068 18 1080 17.95 0 0 0 0
069 20 1200 19.95 0 0 0 0

070 22 1320 21.95 0 0 0 0

071 24 1440 23.95 0 0 0 0

072 26 1560 25.95 0 0 0

073 28 1680 27.95 0 0 0 0

074 30 1800 29.95 0 0 0 0

075 32 1920 31.95 0 0 0 0

076 34 2040 33.95 0 0 0 0

077 36 2160 35.95 0 0 0 0

078 38 2280 37.95 0 0 0 0

079 40 2400 39.95 0 0 0 0

080 42 2520 41.95 0 0 0 0

081 44 2640 43.95 0 0 0 0

082 46 2760 45.95 0 0 0 0

083 48 2880 47.95 0 0 0 0

084 50 3000 49.95 0 0 0 0

085 52 3120 51.95 0 0 0 0

086 54 3240 53.95 0 0 0 0

087 56 3360 55.95 0 0 0 0

088 58 3480 57.95 0 0 0 0

089 60 3600 59.95 0 0 0 0
0
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SLUG IN TEST

MONITOR WELL NUMBER: MW-09

ELEVATION TOP OF CASING: 25.27

ELEVATION WATER (IN): 8.67 ELEVATION WATER (OUT):

DEPTH OF WELL (TOC): 32.53 DIAMETER OF CASING: .167 FEET

SCREEN LENGTH AND INTERVAL: 10 FEET. 20.0 TO 30.0 FEET BELOW GRADE

SCREEN/FILTER TYPE: 1 10 PARTIALLY PENETRATING/ 20/40 GRADE SILICA SAND

AQUIFER TYPE AND THICKNESS: CLAYEY SILT AND SILTY SAND. 19 TO ? FEET BELOW GRADE
----------------------------------------------------------------------------

H(O) TRANSLATION: 1.24 H(O) THEORETICAL: 1.53

INITIAL CONSISTENT VALUE: 9.89 TRANS. METH. (SLUG IN) T(O): .05

FINAL TRANSDUCER VALUE: 8.65



SLUG TEST IN:
H,

SAMPLE TIME TIME T(O) XD A/B DATUM H H/hO H/H(O)
NUMBER (MINUTES) (SECONDS) TRANS. READING TRANS. TRANS. TRANS. THEOR.

000 0 0 -.05 11.51 1.62 -.38 -.3065 -.2484
001 .0033 .198 -.0467 11.30 1.41 -.17 -.1371 -.1111
002 .0067 .402 -.0433 :0.99 1.1 .14 .1129 .0915
003 .01 .6 -.04 9.00 .89 .35 .2823 .2288
004 .0133 .798 -.0367 10.25 .36 .88 .7097 .5752
005 .0167 1.002 -.0333 10.35 .46 .78 .629 .5098
006 .02 1.2 -.03 8.81 1.08 .16 .129 .1046
007 .0233 1.398 -.0267 9.76 .13 1.11 .8952 .7255
008 .0267 1.602 -.0233 10.53 .64 .6 .4839 .3922
009 .03 1.8 -.02 3?.67 .22 1.02 .8226 .6667
010 .0333 i.998 -.0167 ;.79 .1 1.14 .9194 .7451
011 ,05 3 0 9.89 0 1.24 1 .8105
012 .0667 4.002 .0167 9.84 .05 1.19 .9597 .7778
013 .0833 4.998 .0333 9.81 .08 1.16 .9355 .7582
014 .1 6 .05 9.76 .13 1.11 .8952 .7255
015 .1167 7.002 .0667 9.73 .16 1.08 .871 .7059
016 .1333 7.998 .0833 9.70 .19 1.05 .8468 .6863
017 .15 9 .1 9.67 .13 1.11 .8952 .7255
018 .1667 10.002 .1167 9.63 .26 .98 .7903 .6405
019 .1833 10.998 .1333 9.60 .29 .95 .7661 .6209
020 .2 12 .15 9.57 .32 .92 .7419 .6013
021 .2167 13.002 .1667 9.54 .35 .89 .7177 .5817
022 .2333 13.998 .1833 9.51 .38 .86 .6935 .5621
023 .25 15 .2 :.49 .4 .84 .6774 .549
024 .2667 16.002 .2167 9.46 .43 .81 .6532 .5294
025 .2833 16.998 .2333 9.44 .45 .79 .6371 .5163
026 .3 18 .25 9.41 .48 .76 .6129 -496-
027 .3167 19.002 .2667 9.40 .49 .75 .6048 .4902
028 .3333 19.998 .2833 9.36 .53 .71 .5726 .4641
029 .4167 25.002 .3667 9.27 .62 .62 .5 .4052
030 .5 30 .45 9.19 .7 .54 .4355 .3529
031 .5833 34.998 .5333 9.13 .76 .48 .3871 .3137
032 .6667 40.002 .6167 9.06 .83 .41 .3306 .268
033 .75 45 .7 9.00 .89 .35 .2823 .2288
034 .8333 49.998 .7833 8.97 .92 .32 .2581 .2092
035 .9167 55.002 .8667 8.92 .97 .27 .2177 .1765
036 1 60 .95 8.89 1 .24 .1935 .1569
037 1.0833 64.998 1.0333 8.86 1.03 .21 .1694 .1373
038 1.1667 70.002 1.1167 8.84 1.05 .19 .1532 .1242
039 1.25 75 1.2 8.81 1.08 .16 .129 .1046
040 1.3333 79.998 1.2833 8.79 1.1 .14 .1129 .0915
041 1.4167 85.002 1.3667 8.78 1.11 .13 .1048 .085
042 1.5 90 1.45 8.76 1.13 .11 .0887 .0719
043 1.583 94.98 1.533 8.74 1.15 .09 .0726 .0588
044 1.6667 100.002 1.6167 8.74 1.15 .09 .0726 .0588



SLUG TEST IN:
H'

SAMPLE TIME TIME T(O) XD A/B DATUM H H/H(O) H/H(O)
NUMBER (MINUTES) (SECONDS) TRANS. READING TRANS. TRANS. TRANS. THEOR.

-------------------------------------------------

045 1.75 105 1.7 8.73 1.18 .06 .0484 .0392
046 1.833 109.98 1.783 8.71 1.18 .06 .0484 .0392
047 1.9167 115.002 1.8667 8.71 1.19 .05 .0403 .0327
048 2 120 1.95 8.70 1.22 .02 .0161 .0131
049 2.5 150 2.45 8.67 1.22 .02 .0161 .0131
050 3 180 2.95 8.67 1.24 -2.220e-16 0 0
051 3.5 210 3.45 8.65 1.24 -2.220e-16 0 0
052 4 240 3.95 8.65 1.24 -2.220e-16 0 0
053 4.5 270 4.45 8.65 1.24 -2.220e-16 0 0
054 5 300 4.95 8.65 1.24 -2.220e-16 0 0
055 5.5 330 5.45 8.65 1.24 -2.220e-16 0 0
056 6 360 5.95 8.65 1.24 -2.220e-16 0 0
057 6.5 390 6.45 8.65 1.24 -2.220e-16 0 0
058 7 420 6.95 8.65 1.24 -2.220e-16 0 0059 7.5 450 7.45 8.65 1.24 -2.220e-16 0 0
060 8 480 7.95 8.65 1.24 -2.220e-16 0 0
061 8.5 510 8.45 8.65 1.24 -2.220e-16 0 0
062 9 540 8.95 8.65 1.24 -2.220e-16 0 0
063 9.5 570 9.45 8.65 1.24 -2.220e-16 0 0

064 10 600 9.95 8.65 0 0 0 0
065 12 720 11.95 0 0 0 0
066 14 840 13.95 0 0 0 0
067 16 960 15.95 0 0 0 0
068 18 1080 17.95 0 0 0 0
069 20 1200 19.95 0 0 0 0
070 22 1320 21.95 0 0 0 0
071 24 1440 23.95 0 0 0 0
072 26 1560 25.95 0 0 0 0
073 28 1680 27.95 0 0 0 0
074 30 1800 29.95 0 0 0 0
075 32 1920 31.95 0 0 0 0
076 34 2040 33.95 0 0 0 0
077 36 2160 35.95 0 0 0 0
078 38 2280 37.95 0 0 0 0
079 40 2400 39.95 0 0 0 0
080 42 2520 41.95 0 0 0 0
081 44 2640 43.95 0 0 0 0
082 46 2760 45.95 0 0 0 0
083 48 2880 47.95 0 0 0 0
084 50 3000 49.95 0 0 0 0
085 52 3120 51.95 0 0 0 0
086 54 3240 53.95 0 0 0 0
087 56 3360 55.95 0 0 0 0
088 58 3480 57.95 0 0 0 0
089 60 3600 59.95 0 0 0 0
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SLUG- IN
Well No. iW-09

Casina Diameter = in. = .167 ft.

Casino raoiusL kr,. .083 it.

Lenaqtn oT screen tL) = 10.0 ft.
Heiqht aT water Trom base OT screen L = U.93 Tt.
Radius ct borenole (r.) = . T.4 t.
Thicrness ot Aquifer ti)) 14. 0 T.

C 1.9

=v 0.84 1 1i sec.

-l n , rt.. L., r w

1.1 1---- ---- ---- I -- --- -- -

ln(.i2.93/.344, (i0.O,.344)

2.7!

K HYDRAULIC CONDUCTIVITY

r. ln(R.,'r-, I

K -------------- in- t

ZL t

'*.'.a )z ,=.'>

K -------------

2(10.0)

K = .9o& x 10- 5 ft./seL.

K Z.51 ft./da.

K 8.a, x 10-^ cm./sec.

T = TRANSMISSIVITY

T = K) (D) k7.48 qpd/ft)

T = ( 2.51) (14.0) (.7.48)

T = Z62.85 ood/ft



SLUG OUT TEST

MONITOR WELL NUMBER: MW-09
-------------------------------------------------------------------------------------------

ELEVATION TOP OF CASING: 25.27
------------------------------------------------------------------------------------------

ELEVATION WATER (IN): ELEVATION WATER (OUT): 8.67
-------------------------------------------------------------------------------------------

DEPTH OF WELL (TOC): 32.53 DIAMIETER OF CASING: .167 FEET
------------------------------------------------------------------------------------------
SCREEN LENGTH AND INTERVAL: 10 FEET. 20.0 TO 30.0 FEET BELOW GRADE
------------------------------------------------------------------------------------------

SCREEN/FILTER TYPE: #$ 10 PARTIALLY PENETRATING/ 20/40 GRADE SILICA SAND
-------------------------------------------------------------------------------------------
AQUIFER TYPE AND THICKNESS: CLAYEY SILT AND SILTY SAND, 19 TO ? FEET BELOW GRADE

*H(O) TRANSLATION: 1.47 H(O) THEORETICAL: 1.53
-------------------------------------------------------------------------------------------
INITIAL CONSISTENT VALUE: 7.2 TRANS. METH. (SLUG OUT) T(O): .0233

------------------------------------------------------------------------------------------
FINAL TRANSDUCER VALUE: 8.67

------------------------------------------------------------------------------------------



SLUG TEST OUT:
H"

SAMPLE TIME TIME T(O) XD A/B DATUM H H(O) H/,O)
NUMBER (MINUTES) (SEONDS) TRANS. READING TRANS. TRANS. TRANS. THEOR.

000 0 0 -.0233 8.06 .86 .61 .415 .3987
001 .0033 .198 -.02 7.41 .21 1.26 .8571 .82-5
002 .0067 .402 -.0166 7.06 -.14 1.61 1.0952 1.G 23
003 .01 .6 -.0133 7.39 .19 1.28 .8707 .8366
004 .0133 .798 -.01 7.08 -.12 1.59 1.0816 1.0192
005 .0167 1.002 -.0066 7.19 -.01 1.48 1.0068 .96 3
006 .02 1.2 -.0(2:3 7.20 0 1.47 1 .96,,
007 .0233 1.398 0 7.20 0 1.47 1 .9608
008 .0267 1.602 .0034 7.22 .02 1.45 .9864 .94 7
009 .03 1.8 .0067 7.23 .03 1.44 .9796 .942
010 .0333 1.998 .01 7.25 .05 1.42 .966 .9281
011 .05 3 .0267 7.30 .1 1.37 .932 .89-1
012 .0667 4.002 .0434 7.35 .15 1.32 .898 .86 7
013 .0833 4.998 .06 7.39 .19 1.28 .8707 .8366
014 .I 6 .0767 7.42 .22 1.25 .8503 .817
015 .1167 7.002 .0934 7.47 .27 1.2 .8163 .78 3
016 .1333 7.998 .11 7.50 .3 1.17 .7959 .76ft
017 .15 9 .1267 7.55 .35 1.12 .7619 .732
018 .1667 10.002 .1434 7.58 .38 1.09 .7415 .71 1
019 .1833 10.998 .16 7.62 .42 1.05 .7143 .68-3
020 .2 12 .1767 7.65 .45 1.02 .6939 .6667
021 .2167 13.002 .1934 7.68 .48 .99 .6735 .64-1
022 .2333 13.998 .21 7.71 .51 .96 .6531 .62
023 .25 15 .2267 7.74 .54 .93 .6327 .6078
024 .2667 16.002 .2434 7.76 .56 .91 .619 .59,9
025 .2833 16.998 .26 7.79 .59 .88 .5986 .57
026 .3 18 .2767 7.82 .62 .85 .5782 .55o6
027 .3167 19.002 .2934 7.84 .64 .83 .5646 .5425
028 .3333 19.998 .31 7.87 .67 .8 .5442 .52
029 .4167 25.002 .3934 7.97 .77 .7 .4762 .45',j
030 .5 30 .4767 B.06 .86 .61 .415 .3987
031 .5833 34.998 .56 8.14 .94 .53 .3605 .34,,
032 .6667 40.002 .6434 8.22 1.02 .45 .3061 .29'
033 .75 45 .7267 8.27 1.07 .4 .2721 .2614
034 .8333 49.998 .81 8.32 1.12 .35 .2381 .22P9
035 .9167 55.002 .8934 8.36 1.16 .31 .2109 .20:1
036 1 60 .9767 8.41 1.21 .26 .1769 .16bi
037 1.0833 64.998 1.06 8.44 1.24 .23 .1565 .1503
038 1.1667 70.002 1.1434 8.46 1.26 .21 .1429 .13'1
039 1.25 75 1.2267 8.49 1.29 .18 .1224
040 1.3333 79.998 1.31 8.51 1.31 .16 .1088 .1046
041 1.4167 85.002 1.3934 8.52 1.32 .15 .102 .0!-

042 1.5 90 1.4767 8.54 1.34 .13 .0884 .01
043 1.583 94.98 1.5597 8.55 1.35 .12 .0816 .0784
044 1.6667 100.002 1.6434 8.57 1.37 .1 .068 .06F"



SLUG TEST OUT:
H,

SAMPLE TIME TIME T(0) XD A/B DATUM H H/H(01 H/H(0
NUMBER MINUTES) (SECONDS) TRANS. READING TRANS. TRANS. TRANS. THEOR.

045 1.75 105 1.7267 8.59 1.39 .08 .0544 .0523
046 1.833 109.98 1.8097 8.59 1.39 .08 .0544 .0523
047 1.9167 115.002 1.8934 8.60 1.4 .07 .0476 .0458
048 2 120 1.9767 8.60 1.4 .07 .0476 .0458
049 2.5 150 2.4767 8.63 1.43 .04 .0272 .0261
050 3 180 2.9767 8.65 1.45 .02 .0136 .0131
051 3.5 210 3.4767 8.65 1.45 .02 .0136 .0131
052 4 240 3.9767 8.67 1.47 2.2204e-16 0 0
053 4.5 270 4.4767 8.67 1.47 2.2204e-16 0 0
054 5 300 4.9767 8.67 1.47 2.2204e-16 0 0
055 5.5 330 5.4767 8.67 1.47 2.2204e-16 0 0
056 6 360 5.9767 8.67 1.47 2.2204e-16 0 0
057 6.5 390 3.4767 3.67 1.47 2.2204e-!6 0 0
058 7 420 6.9767 8.67 1.47 2.2204e-16 0 0
059 7.5 450 7.4767 8.67 1.47 2.2204e-i6 0 0
060 8 480 7.9767 8.67 1.47 2.2204e-16 0 0
061 8.5 510 8.4767 8.67 1.47 2.2204e-16 0 0
062 9 540 8.9767 8.67 1.47 2.2204e-16 0 0
063 9.5 570 9.4767 8.67 1.47 2.2204e-16 0 0
064 10 600 9.9767 8.67 1.47 0 0 0
065 12 720 11.9767 0 0 0 0
066 14 840 13.9767 0 0 0 0
067 16 960 15.9767 0 0 0 0
068 18 1080 17.9767 0 0 0 0
069 20 1200 19.9767 0 0 0 0
070 22 1320 21.9767 0 0 0 0
071 24 1440 23.9767 0 0 0 0
072 26 1560 25.9767 0 9 0 0
073 28 1680 27.9767 0 0 0 0
074 30 1800 29.9767 0 0 0
075 32 1920 31.9767 0 0 0 0
076 34 2040 33.9767 0 0 0 0
077 36 2160 35.9767 0 0 0 0
078 38 2280 37.9767 0 0 0 0
079 40 2400 39.9767 0 0 0 0
080 42 2520 41.9767 0 0 0 0
081 44 2640 43.9767 0 0 0 0
082 46 2760 45.9767 0 0 0 0
083 48 2880 47.9767 0 0 0 0
084 50 3000 49.9767 0 0 0 0
085 52 3120 51.9767 0 0 0 0
086 54 3240 53.9767 0 0 0 0
087 56 3360 55.9767 0 0 0 0
088 58 3480 57.9767 0 0 0 0
089 60 3600 59.9767 0 0 0 0

0
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'-- .;" i~leter = !. = - / r

isir, a r. IU . ,i
ena r, E creen 'L) = .v ft

He,- -,r water rrom L1ase _,T _r-en .!. ft.
Ra', of borehole (; = . t.
TIhiciness of ¢-4qL I fe t, _,, ... .

.0 ~I k 1--5 10 i . 6;ec

-. 71

K = HYDRAULIC CONDUCTIVITY

K ------ - ----- -t

.v

--" -. . . . . .--- -n -----,-.-

K L t

K' t 'J .

i K = i'0 J,
- - t., _c.

K -

K = '.Z,' 1vi 4 'm.isec.

T TRANSMISSIVITY

T = p a . 'rt

4 .6J 14.u ,.48)

T = 75.4 1 qpa/ft



:LUG ." REST

MON].i0 WELL 4EMb&,: N I

----------- ---------------------------------------------------------------------------ELEVATION TF' IF L W ASI[.u: .7.

LEVA1TiQ], WATEF -iNJ: ).lc I' -,N wAfER (AlUr):

-----------------------------------------------------------------------DEPTH UF WELL ,TOC 34.824 .. AN'ET, Or' C,IG 17FE

SCREEN L.-JGTH .- I-TERVL: T'E FEET . . > '.UT AELT .LLUJ ,_6DE

-~ E _ i r L E - - - - -, - - - - - - , - ' " , - -! T ; --- -. .- , - -- _ - - -, - -
------------------------- ------------------------------------------------

--------------------------------------- ----------------------

-nij ,AN ~Lr, I. it 'i ; E0ETIt-rL. -- !N 1l
------- ---------------------------------------------------------------------------

INITIAL CONSISTENT 'ALUE: 10.5 Z RAJS. ;JETH. 0SLUG INW TO): .
-------- ---------------------------------------------------------------------------

F I NAL A IANtUCE ,LUE R L. 22
,.-.. .. - ,.-----------------------------------------------------------------------------



SLUG TEST IN:

SAMPLE TIME TIME T(O) XD A/B DATUM H H/H(O H/H(O
NUMBER iMINUTES) (SECONDS) TRANS. READING TRANS. TRANS. TRANS. THEOR.

000 0 0 -.05 15.44 5.14 -4.06 -3.7593 -2.6536
001 .0033 .198 -.0467 .3.34 3.04 -1.96 -1.8148 -1.281
002 .0067 .402 -.0433 3.99 .31 .77 .713 .5033
003 .01 .6 -.04 10.24 .06 1.02 .9444 .6667
004 .0133 .798 -.0367 11.29 .99 .09 .0833 .0588
005 .0167 1.002 -.0333 10.69 .39 .69 .6389 .451
006 .02 1.2 -.03 10.73 .43 .65 .6019 .4248
007 .0233 1.398 -.0267 10.59 .29 .79 .7315 .5163
008 .0267 1.602 -.0233 10.56 .26 .82 .7593 .5359
009 .03 1.8 -.02 10.30 0 1.08 1 .7059
010 .0333 1.998 -.0167 10.46 .16 .92 .8519 .6013
011 .05 3 0 10.30 0 1.08 1 .7059
012 .0667 4.002 .0167 10.29 .01 1.07 .9907 .6993
013 .0833 4.998 .0333 10.24 .06 1.02 .9444 .6667
014 .1 6 .05 10.21 .09 .99 .9167 .6471
015 .1167 7.002 .0667 10.18 .12 .96 .8889 .6275
016 .1333 7.998 .0833 10.14 .16 .92 .8519 .6013
017 .15 9 .1 10.11 .19 .89 .8241 .5817
018 .1667 10.002 .1167 10.08 .22 .86 .7963 .5621
019 .1833 10.998 .1333 10.05 .25 .83 .7685 .5425
020 .2 12 .15 10.03 .27 .81 .75 .5294
021 .2167 13.002 .1667 10.00 .3 .78 .7222 .5098
022 .2333 13.998 .1833 9.99 .31 .77 .713 .5033
023 .25 15 .2 9.95 .35 .73 .6759 .4771
024 .2667 16.002 .2167 9.94 .36 .72 .6667 .4706
025 .2833 16.998 .2333 9.92 .38 .7 .6481 .4575
026 .3 18 .25 9.89 .41 .67 .6204 .4379
027 .3167 19.002 .2667 9.87 .43 .65 .6019 .4248
028 .3333 19.998 .2833 9.86 .44 .64 .5926 .4183
029 .4167 25.002 .3667 9.78 .52 .56 .5185 .366
030 .5 30 .45 9.70 .6 .48 .4444 .3137
031 .5833 34.998 .5333 9.65 .65 .43 .3981 .281
032 .6667 40.002 .6167 9.60 .7 .38 .3519 .2484
033 .75 45 .7 9.56 .74 .34 .3148 .2222
034 .8333 49.998 .7833 9.52 .78 .3 .2778 .1961
035 .9167 55.002 .8667 9.49 .81 .27 .25 .1765
036 1 60 .95 9.46 .84 .24 .2222 .1569
037 1.0833 64.998 1.0333 9.45 .85 .23 .213 .1503
038 1.1667 70.002 1.1167 9.41 .89 .19 .1759 .1242
039 1.25 75 1.2 9.40 .9 .18 .1667 .1176
040 1.3333 79.998 1.2833 9.38 .92 .16 .1481 .1046
041 1.4167 85.002 1.3667 9.37 .93 .15 .1389 .098
042 1.5 90 1.45 9.35 .95 .13 .1204 .085
043 1.583 94.98 1.533 9.35 .95 .13 .1204 .085
044 1.6667 100.002 1.6167 9.33 .97 .11 .1019 .0719

I



SLUG TEST IN:
H'

SAMPLE TIME TIME T(O) XD A/B DATUM H H/H(O) H/H(O)
NUMBER (MINUTES) (SEONDS) TRANS. READING TRANS. TRANS. TRANS. THEOR.

045 1.75 105 1.7 9.32 .98 .1 .0926 .0654
046 1.833 109.98 1.783 9.32 .98 .1 .0926 .0654
047 1.9167 115.002 1.8667 9.32 1 .08 .0741 .0523
048 2 120 1.95 9.30 1.01 .07 .0648 .0458
049 2.5 150 2.45 9.29 1.03 .05 .0463 .0327
050 3 180 2.95 9.27 1.05 .03 .0278 .0196
051 3.5 210 3.45 9.25 1.05 .03 .0278 .0196
052 4 240 3.95 9.25 1.06 .02 .0185 .0131
053 4.5 270 4.45 9.24 1.06 .02 .0185 .0131
0A 5 300 4.95 9.24 1.06 .02 .0185 .0131
055 5.5 330 5.45 9,)4 1.06 .02 .0185 .0131
055 6 360 5.95 9.24 1.08 0 0 0
057 6.5 390 6.45 9.22 1.OB 0 0 0
058 7 420 6.95 9.22 1,'Q3 0 0 0
059 7.5 450 7.45 9.22 1.08 0 0 0
060 8 480 7.95 9.22 1.08 0 0 0
061 8.5 510 8.45 9.22 1.08 0 0 0
062 9 540 8.95 9.22 1.08 0 0 0
063 9.5 570 9.45 9.22 1.08 0 0 0
064 10 600 9.95 9.22 0 0 0 0
065 12 720 11.95 0 0 0 0
066 14 840 13.95 0 0 0 0
067 16 960 15.95 0 0 0 0
068 18 1080 17.95 0 0 0 0
069 20 1200 19.95 0 0 0 0
070 22 1320 21.95 0 0 0 0
071 24 1440 23.95 0 0 0 0
072 26 1560 25.95 0 0 0 0
073 28 1680 27.95 0 0 0 0
074 30 1800 29.95 0 0 0 0
075 32 1920 31.95 ) 0 0 0
076 34 2040 33.95 0 0 0 0
077 36 2160 35.95 0 0 0 0
078 38 2280 37.95 0 0 0 0
079 40 2400 39.95 0 0 0 0
080 42 2520 41.95 0 0 0 0
081 44 2640 43.95 0 0 0 0
082 46 2760 45.95 0 0 0 0
083 48 2880 47.95 0 0 0 0
084 50 3000 49.95 0 0 0 0
085 52 3120 51.95 0 0 0 0
086 54 3240 53.95 0 0 0 0
087 56 3360 55.95 0 0 0 0
faao szo -,3Anr =q__ _ __ __ _ __ _ __ __ _ __ -
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SLUG- IN
Well rNo. i-l,

Casino ;,i.meter - in. .107 ft.
Cas1ro tE,]IUS lr .063 fT.
Lenotn of screen tL, !0.0 rT.
Heignt of water 'rom oa-ie oT screen H = LJ..J ft.
Radius Of borehole or.) .344 ft.
Thickness of AquLtifer tD) 3 .5
C = .;
y., 1 .10 Y t = .1,.74 + = 1Z iec.

1. .9

----I .,r,, -

1.1 i. '

in(13.4],'.344', 1.0. O0..1 44)

: .. 74

K HYDRAULIC CONDUCTIVITY

K -- ------------ , I 1.J,.,'4
2( 10.. 12

K = . x io- 5 ft.,sec.

K 2.69 ft./da.

K = 9.50 x i0-  cm./sec.

T = TRANSISSIVITY

T = 1K) ID) (7.18 ]pditj

T = k. 269) ( 13.5) (7.48)

T = Z71.64 opa/ft



:.U '.iT ;E T -

MONITOR WELL i4UMPE l -i

ELEVAITON TOF OF CASING: 7.59

ELEVATION WATER ,i): ELEVATION WATER kJUT): '.la

DEPTH OF WELL tTC): 54.d4 IIETER OF CASING: .167 FEET
-------------------------------------------------------------------------------------------

:'3CREEii LENGTH AND INTEFVAL: If) FEET. ?.5 T- ; .5 FEET LELOW [ORAD

-CFEEN.-FILTE,; )/- T I _ Y. .TRAIlt.i 9/'40 ,FDL "'LiKA ,AND

A4QUIFER YFE AND ICKIL S. .LA'E -JLT ,4D SLTY SAND. -0 TG ? .EET BELOW uRADE
---------------------------------- -----------------------------------------

H(O) T;h.ANSLA.TiON: . -,,0) THEORETICAL: 1.55
-------------------------------------------------------------------------------------------

INITIAL CONSISTENT VALUE: 775 TRANS. METH. (SLUG OUT) T(0): .05
------------------------------------------------------------------------------------------

FINAL TRANSDUCER VALUE: 9.2
------------------------------------------------------------------------------------------

I
I

I



SLUG TEST OUT:
H"

SAMPLE TIME TIME T(O) XD A/B DATUM H H/Ho) H/HONUMBER (MINUTES) (SECONDS) TRANS. READING TRANS. TRANS. TRANS. THE .

000 0 0 -.05 9.63 1.88 -.43 -.2966 -.2"'001 .0033 .198 -.0467 8.55 .8 .65 .4483 .42,002 .0067 .402 -.0433 8.77 1.02 .43 .2966 .28i003 .01 .6 -.04 9.15 1.4 .05 .0345 .037004 .0133 .798 -.0367 9.09 1.34 .11 .0759 .07:'I005 .0167 1.002 -.0333 7.86 .11 1.34 .9241 .875006 .02 1.2 -.03 9.63 1.88 -.43 -.2966 -.281007 .0233 1.398 -.0267 9.09 1.34 .11 .0759 .07. I008 .0267 1.602 -.0233 8.95 1.2 .25 .1724 .16t'009 .03 1.8 -.02 7.72 -.03 1.48 1.0207 .9673010 .0333 1.998 -.0167 8.72 .97 .48 .331 .31-011 .05 3 0 7.75 0 1.45 1 .94';012 .0667 4.002 .0167 7.88 .13 1.32 .9103 .8627
013 .0833 4.998 .0333 7.93 .18 1.27 .8759 .830,014 .1 6 .05 7.98 .23 1.22 .8414 .79.;015 .1167 7.002 .0667 7.94 .19 1.26 .869 o8235016 .1333 7.998 .0833 8.09 .34 ,1.11 .7655 .7255017 .15 9 .1 8.10 .35 1.1 .7586 .71018 .1667 10.002 .1167 8.15 .4 1.05 .7241 .686019 .1833 10.998 .1333 8.17 .42 1.03 .7103 .6732020 .2 12 .15 8.20 .45 1 .6897 .65Z021 .2167 13.002 .1667 8.23 .48 .97 .669 .6'022 .2333 13.998 .1833 8.26 .51 .94 .6483 .6144023 .25 15. .2 8.31 .56 .89 .6138 .58]'024 .2667 16.002 .2161 8.34 .59 .86 .5931 .562,025 .2833 16.998 .2333 8.36 .61 .84 .5793 .544026 .3 18 .25 8.39 .64 .81 .5586 .5294027 .3167 19.002 .2667 8.40 .65 .8 .5517 .5221028 .3333 19.998 .2833 8.44 .69 .76 .5241 .496,029 .4167 25.002 .3667 8.56 .81 .64 .4414 .4183030 .5 30 .45 8.66 .91 .54 .3724 .352 i031 .5833 34.998 .5333 8.72 .97 .48 .331 .31i032 .6667 40.002 .6167 8.79 1.04 .41 .2828 .268033 .75 45 .7 8.83 1.08 .37 .2552 .241-034 .8333 49.998 .7833 8.88 1.13 .32 .2207 .209035 .9167 55.002 .8667 8.91 1.16 .29 .2 .1895036 1 60 .95 8.95 1.2 .25 .1724 .163A037 1.0833 64.998 1.0333 8.98 1.23 .22 .1517 143 1038 1.1667 70.002 1.1167 8.99 1.24 .21 .1448 .1376039 1.25 75 1.2 9.02 1.27 .18 .1241 .1176040 1.3333 79.998 1.2833 9.04 1.29 .16 .1103 .104 j041 1.4167 85.002 1.3667 9.04 1.29 .16 .1103 .104)042 1.5 90 1.45 9.06 1.31 .14 .0966 .0915043 1.583 94.98 1.533 9.07 1.32 .13 .0897 .081044 1.6667 100.002 1.u167 9.09 1.34 .11 .0759 .071



SLUG TEST OUT:

Ho

SAMPLE TIME TIME T(O) XD A/B DATUM H H/H(O) H/H(O)
NUMBER (MINUTES) (SECONDS) TRANS. READING TRANS. TRANS. TRANS. THEOR.

045 1.75 105 1.7 9.09 1.34 .11 .0759 .0719
046 1.833 109.98 1.783 9.10 1.35 .1 .069 .0654
047 1.9167 115.002 1.8667 9.10 1.35 .1 .069 .0654
048 2 120 1.95 9.12 1.37 .08 .0552 .0523
049 2.5 150 2.45 9.15 1.4 .05 .0345 .0327
050 3 180 2.95 9.17 1.42 .03 .0207 .0196
051 3.5 210 3.45 9.17 1.42 .03 .0207 .0196
052 4 240 3.95 9.18 1.43 .02 .0138 .0131
053 4.5 270 4.45 9.18 1.43 .02 .0138 .0131
054 5 300 4.95 9.20 1.45 6.6613e-16 0 0
055 5.5 330 5.45 9.20 1.45 6.6613e-16 0 0
056 6 360 5.95 9.20 1.45 6.e613e-16 0 0
057 6.5 390 6.45 9.20 1.45 6.6613e-16 0 0
058 7 420 6.95 9.20 1.45 6.6613e-16 0 0
059 7.5 450 7.45 9.20 1.45 6.6613e-16 0 0
060 8 480 7.95 9.20 1.45 6.6613e-16 0 0
061 8.5 510 8.45 9.20 1.45 6.6613e-16 0 0
062 9 540 8.95 9.20 1.45 6.6613e-16 0 0
063 9.5 570 9.45 9.20 1.45 6.6613e-16 0 0
064 10 600 9.95 9.20 1.45 0 0 0
065 12 720 11.95 0 0 0 0
066 14 840 13.95 0 0 0 0
067 16 960 15.95 0 0 0 0
068 18 1080 17.95 0 0 0 0
069 20 1200 19.95 0 0 0 0
070 22 1320 21.95 0 0 0 0
071 24 1440 23.95 0 0 0 0
072 26 1560 25.95 0 0 0 0
073 28 1680 27.95 0 0 0 0
074 30 1800 29.95 0 0 0 0
075 32 1920 31.95 0 0 0 0
076 34 2040 33.95 0 0 0 0
077 36 2160 35.95 0 0 0 0
078 38 2280 37.95 0 0 0 0
079 40 2400 39.95 0 0 0 0
080 42 2520 41.95 0 0 0 0
081 44 2640 43.95 0 0 0 0
082 46 2760 45.95 0 0 0 0
083 48 2880 47.95 0 0 0 0
084 50 3000 49.95 0 0 0 0
085 52 3120 51.95 0 0 0 0
086 54 3240 53.95 0 0 0 0
087 56 3360 55.95 0 0 0 0
088 58 3480 57.95 0 0 0 0
089 60 3800 59.95 0 0 0 0

0
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INTRODUCTION

This report is submitted to NUS CORPORATION(Client) of
Houston, Texas. by H. Neal Reeves(Consultant) as a record of
events, conclusions, and recommendations offered by
Consultant to Client resulting from the geophysical survey
conducted at a landfill site on the northwestern perimeter of
Ellington Field south of Houston. Texas. between the dates of
November 8-13. 1989.

STATEMENT OF WORK

Geophysical techniques were chosen to assist Client in
obtaining a refined site assessment/site characterization of
near surface conditions prior to embarking on the next phase
of their work program. which could include such items as
the installation of monitoring wells. determining groundwater
gradient, obtaining soil and water samples for analysis, and
to obtain a more precise location of an underground storage
tank generally located in the southwest quadrant of the site.
Results obtained from the geophysical phase will be used by
Client to avoid drilling hazards and to assist in insuring
that all zones, disturbed or otherwise, are adequately
characterized.

Specifically, Consultant was charged with the responsibility
of acquiring, processing, and Interpreting a combined
Magnetometer/Gradiometer Survey as well as to process and
interpret an Electromagnetic Survey conducted by Client
representative. Mr. David Upthegrove. during the same period
referenced above. Results of both surveys, which are
complementary techniques, will be integrated with each other
and with site historical data in order for very precise and
specific conclusions and recommendations to be presented to
Client by Consultant.

SITE CONDITIONS AND ADVANCE PREPARATION

The site can be generally described as a rectangle having an
approximate 1250 ft(E/W) X 900 ft(N/S) dimension. The area
is bounded for the most part on all sides by an 8 foot tall
chain link fence and has a storage facility behind an inside
fence located roughly in the E 1/2 of the SW Quadrant. A
blacktop road parallels the fenced boundaries on all but the
south side of the site. Access is excellent, elevation
relief is negligible, and the area has been kept free of
thick vegetation which might impede progress of the survey.
Although the site had been used as a landfill periodicallyI
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over a period of years, backfilling, leveling, and the growth
of grass and small trees had removed all but the scattered
evidence of its former use. For example. pieces of concrete
with rebars sticking out of the ground could ta observed in a
few locations across the site. There is, however, little
current expression of the depth and aerial extent of any
materials currently buried at the site.

Prior to Consultant becoming directly involved, Client
contracted with the survey company of Washburn & Company to
lay out a 100 ft X 100 ft control survey grid across the area
This grid was marked by wooden stakes at each 100 X 100 ft
corner. Line and Position convention adopted had the initial
(X,Y) position (000.0,000.0) located at the northeast corner
of the site. Line numbers increased to the west and Position
numbers increased to the south. N"S representatives,
including Mr. David Upthegrove. further refined the survey
grid to a 25 ft X 25 ft interval by chaining between control
survey stakes and placing pin flags at 25 ft intervals. This
advance survey was in the process of being completed at the
time of my arrival in the field on November 8, 1989.

As a result of preliminary discussions with Client,
Consultant was requested to secure geophysical
instrumentation from reputable vendors and check out the
instruments prior to taking delivery on them from the vendor.
Consultant arranged for this and did so on his own time.

The net result was that due to the efforts and forethought of
all involved parties, the survey proceeded with all due haste
and was completed essentially without delay.

GENERAL INTRODUCTION TO GEOPHYSICAL SYSTEMS UTILIZED

The geophysical systems deemed appropriate by Client and
Consultant were, with ample precedent, suited to achieving
the survey objectives referenced above. A brief non-rigorous
discussion of both will now be presented to establish the
relationship between site conditions, survey objectives, and
the geophysical tools and techniques utilized.

Magnetometer/Gradiometer-The presence of buried ferrous
materials which have in effect become magnets due to exposure
to the earth's magnetic field(induced magnetization) over a
period of time will commonly cause the total field reading as
measured by a magnetometer to be anomalous by as much as
several hundred or even several thousands of gammas;
depending on size, volume, orientation, depth of burial,



etc.. of the buried object. A magnetometer survey in essence

measures and maps variations in the total field caused by the

presence of magnetic materials in the earth.

The gradiometer is erfectively no more than two total field
magnetometers mounted on the same staff and whose sensors are

separated vertically ,y a known distance. By measuring the
total field at the same location at two different heights,
one is able to better detect the presence of where

smaller(higher frequency)metallic concentrations begin and

end and the rate at which this occurs in gammas/meter. This

principal is analagous to the relationship between velocity
and acceleration wherein both gradient and acceleration

measure the rate of change of the fundamental unit in
operation. One might intuitively see that a deeply buried
broad (low frequency) geologic feature would not lend Itself
to the gradiometer approach. It is peculiarly applicable to
environmental, engineering, archaeological, and other shallow
investigations.

Electromaxnetics-Electromagnetic instruments such as the one
used in this survey are designed to measure variations in the
conductivity of the subsurface volume sampled by the signal

being transmitted and recorded. Conductivity variations
within the earth are caused by factors including changes in

porosity, permeability, moisture content, salinity, acidity,

and presence of colloids/leachate in solution. This
application is particularly useful in going from
native(undisturbed)soil conditions outside a landfill area to
the landfill itself; although internal as well as boundary

changes are quite often hydrogeologically significant.
Additionally, the Electromagnetlc(EM) method as utilized in

this survey will detect ferromagnetic materials with good

resolution to a generally adequate depth in the mode used for

conductivity cortrast mapping.

From the above discussion it should be obvious, when

considering survey objectives, that the two systems employed

do complement each other, overlap in some features, and are,
when properly applied, applicable to surveys such as the one

under discussion.

ACQUISITION PHASE DISCUSSION

NMagnetameter/Gradioleter Survey

The instrument used was an EDA OMNI-IV PLUS Magnetometer/
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Gradiometer which measures and records in protected memory
the total magnetic field(top sensor) in gammas and the
magnetic gradient of the total field(top sensor reading less
bottom sensor reading divided by the distance between the
two) in gammas per meter.

At the start of each recording day, the recording system
would be powered up, put through a series of internal self-
checking tests, programmed for initial lines to be surveyed,
and put into the magnetometer/gradlometer recording mode for
the days operations.

Additional to recording the values at each (Line,Position)
location, a base station reading was taken at the start of
each survey day which revealed an average regional total
field value of 49,920 gammas for the survey area. This
observed value tied very well with published value expected
at the geographic coordinates and magnetic latitude of the
survey site. Also, a magnetic datum value of 50,000 gammas
was programmed into the system memory for the entire survey.
Magnetic values for the total field recorded are thus net of
datum. Such a practice is standard in order to avoid working
with large numbers in the processing and interpretive stage.

At the end of each day the microprocessor controlled
recording section of the instrument was linked to a
microcomputer via RS-232 interface and the data were
downloaded onto a floppy disk. Data were printed out and
studied as a further refinement to the same values observed
being recorded during the course of the day. Additional to
this, system batteries were put on charge overnight at the
end of each day.

A study of the data acquired during the previous day allowed
the planning of additional detail data point locations in
areas exhibiting rapid lateral magnetic response changes.

The instrument performance was trouble free. No magnetic
storms were experienced during the course of the survey.
Statistical information provided later in this report will
give greater information as to total points acquired,
production rate. etc.

Electromagnetic Survey

The instrument used was a Geonics Limited EM-31 DL Electro-
magnetic Recording System which is used in a continuous
profiling manner to record the quadrature-phase component of
the induced magnetic field; which is linearly related to the
ground conductivity in native soils(undisturbed zones) and
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will detect and be influenced by the presence of buried
metallic objects in fill areas(disturbed zones). The
quantity measured is in millimhos per meter, which is the
reciprocal of resistivity. Depth of detection of
conductivity through native soils in the vertical coil
configuration utilized is nominally down to 6 meters in
depth. Detection depth of buried metallic objects is
nominally in the range of 2-3 meters.

At the start of each recording day the instrument was checked
for battery level and for zero reading at the least sensitive
setting to insure the system was in calibriation. These
checks were repeated during the course of the day on a
periodic basis. NUS representative, Mr. David Upthegrove,
operated the EM-31 throughout the survey.

The survey progressed routinely in a north-to-south direction
with frequent right angle orientations recorded to determine
if lateral changes were occuring. Readings were recorded
manually in a log book. Readings were taken at every 25 ft
interval in all cases and more frequently where subsurface
influences were causing the readings to change rapidly.

Operating mode allowed the continuous recording of anomalous
zones during one pass as compared to the Magnetometer survey
which required obtaining needed detail on subsequent days.

The system performed in a trouble-free manner throughout the
survey. As referenced above, production statistics will be
provided in greater detail later in this report.

DATA PROCESSING DISCUSSION

In geophysical surveys, as in most scientific endeavors,
there is a direct connection between acquisition, processing,
and interpretation. The process is an iterative one which
requires editing values that are anomalous not because of
subsurface conditions but by cultural interferences such as
powerlines, metal fences, automobiles, buried utilities, etc.
In this regard a short discussion of cultural influences will
precede any discussion of data processing and interpretation.

Cultural Influences

During the course of the survey it was observed that any
magnetometer readings closer to metal fences than 25 ft
resulted in anomalously high readings. In the case of the

Electromagnetic system, anomalously high readings were
recorded Inside 35 ft for coil orientation perpendicular to!



the fence and 25 feet for coil orientation parallel to the
fence. In both cases the recorded values within this negative
cultural influence zone were edited out during the data
processing stage in order for subsurface conditions to be
characterized without including extraneous influences. The
same is true of well marked underground utilities encountered
on the east side of the storage facility located in the
southwest quadrant of the survey area.

Data Processing Procedures

Input data consisted primarily of data sets for the
following:

Set 1-Electromagnetic recording(Z) for each surveyed
Line and Position NumberkX,Y).

Set 2-Total Field Magnetometer recording(Z) for each
surveyed Line and Position Number(XY).

Set 3-Magnetic Gradient of Total Field Magnetometer
recording(Z) for each surveyed Line and Position
Number(X,Y).

Data processing was performed on a microcomputer utilizing a
software package which takes data sets containing (X,Y,Z)
information, creates a grid file, and outputs the data in
either two(2) or three(3) dimensions. Two dimensional data
are displayed as topographic contour maps, or simply as map
values posted to the appropriate (X,Y) location, or in two
dimensional(X,Z) crossection form. Three dimensional data
were displayed with surface relief projected orthogonally and
options utilized to rotate the 3-D displays at specified
angles of rotation around the Z-Axis and tilt.

For all three data sets mentioned above, Consultant generated
a topographic map(2-D) and four orthogonal projections which
displayed the data in 3-D image at 45 degree angles to each
corner of the survey grid. Additional to this, numerous
other displays were computer generated which were of
assistance in interpreting and reporting results of the
survey. In all there were 35 displays generated during the
data processing/interpretation phases of this project. Each
one of the displays generated are made a part of this report
and will be discussed individually, where appropriate, in the
interpretation section of this report.

As mentioned earlier, interpretation is an iterative process
which requires inspection of selected map values which may be
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anomalous not because of subsurtace conditions but rather as
a result of cultural interference. Many of the final maps
included in this report are a result of at least two
processing/interpretive iterations. This process will be
understood as not unusual to those familiar with interpreting
data sets of virtually any type.

DISCUSSION OF INTERPRETATION

Establishing Patterns in an Integrated Interpretation

During the course of this survey and subsequent data
processing phase, a determination was made interactively as
to which data points were of value in the interpretation of
the Total Field, Gradient, and Electromagnetic Data Sets. As
mentioned previously, data points were edited out only If the
values were anomalous due to known cultural interference
sources. Hidden cultural source3 may still exist but
Consultant made no assumptions in this matter in order to
maintain the integrity of the data.

As a matter of record, the following data points were
retained included in the final interpretation:

*Electromagnetlc(EM) ................ 1537 Points
*Total Field Magnetic ............... 1998 Points*
*Gradient of Total Field ........... 1998 Points*

*Magnetic Data Includes Additional

Detailing Points

Following the completion of the acquisition phase, Consultant
was provided the use of site historical data including:

*Aerial Photograph of Site Dated 1965
*Aerial Photograph of Site Dated 1969

*Aerial Photograph of Site Dated 1975
*Drawing Entitled "Former Base Landfill

Test Pit/Boring Location Ellington

ANG"

Consultant utilized all available information acquired during

k
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the course of this survey up to the interpretation phase to
establish certain patterns which may be significant to the
interpretation of the data.

During the course of discussing the interpretation of the
data the term "anomaly" will be used on a recurring basis.
In the interest o being understood, Consultant will now
offer a general definition and a discussion of this recurring
term.

Anomaly-This term will geneally mean any measurement which
does not conform to the normal or expected. In the case of
the Total Magnetic Field values being discussed, any value or
set of values which varies materially from the regional
magnetic field, has a positive/negative swing in observed
values across the zone, and can be contoured with closure
will be considered anomalous.

In the case of the Gradient to the Magnetic Field, any value
or set of values that vary much beyond the low tens in value,
exhibit a positive/negative swing in observed values across
the zone, and can be contoured with closure will be
considered anomalous.

In the case of the Electromagnetic Conductivity reading, any
value that varies upward or downward from the expected
reading in undisturbed(native soils) zones, considering soil
types, moisture content, etc. will be considered anomalous.
In zones where the quadrature phase signal is being
influenced by the presence of ferromagnetic materials buried
in the near surface, which results in anomalously high
readings, closure around this zone, and good correlation to
the general patterns obtained by the magnetometer survey,
such an EM conductivity situation will be considered
anomalous.

During the course or the processing and preliminary
interpretation, it was observed that anomalous conditions
observed on the Total Field Map were consistently observed.
as expected in a landfill situation, on the Gradient map.
It was also observed that in zones exhibiting anomalously
high Total and Gradient values, the Electromagnetic survey
exhibited high values of conductivity more often than not.
Historical information provided to Consultant and referenced
above provides additional insight into the interpretation of
the geophysical data; not an unexpected development.

In any event, Consultant will now develop a data set which
will hopefully reveal patterns helpful to the understanding
of the geophysical data and site characterization.

(8)
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TABLE OF ANOMALOUS ZONES

ZONE TOTAL FIELD CONDUCTIVITY
CENTER RANGE RANGE

----- ---------------------------------------------------
# 1 (P-100 P-150 P-175) P-100 P-125

(125.150) -388 430 -333 72 48
----- ---------------------------------------------------

# 2 (P-800 P-825 P-850) P-800 P-825
(150,825) -257 154 -101 89 78
----- ---------------------------------------------------

# 3 (P-225 P-275 P-375) P-225 P-250
(175,275) -627 787 -397 50 48
------ --------------------------------------------------

# 4 (P-325 P-350 P-425) P-325 P-360
(225,350) -1287 836 -26 62 0
------ --------------------------------------------------

# S (P-475 P-500 P-525) P-475 P-500
(275,500) -282 177 73 49 48
------ --------------------------------------------------

# 6 (P-180 P-200 P-260) P-175 P-195
(300,200) -2158 1683 -35 62 12
------ --------------------------------------------------

# 7 (P-400 P-425 P-475) P-400 P-410
(425,425) -1441 909 32 48 18
------ --------------------------------------------------

# 8 (P-250 P-275 P-300) P-250 P-275
(475,275) -426 731 -418 88 96
------ --------------------------------------------------

# 9 (P-330 P-390 P-500) P-370 P-400
(500,390) -1269 1774 -25 290 115
------ --------------------------------------------------

# 10 (P-700 P-750 P-775) P-725 P-750
(500,750) -1532 331 3 80 68
------ --------------------------------------------------

1 11 (P-50 P-100 P-175) P-65 P-75
(525.100) -898 -358 -252 120 85

1lU)



# 12 (P-275 P-300 P-325) P-275 P-300
(575.300) -1252 547 -440 110 92
--------------------------------------------------------------------------------

# 13 (P-350 P-375 P-450) P-350 P-375
(575,375) -589 1073 -120 120 200
--------------------------------------------------------------------------------

# 14 (P-75 P-125 P-175) P-IO0 P-125
(625,125) -753 636 -277 100 84
--------------------------------------------------------------------------------

# 15 (P-275 P-325 P-350) P-275 P-300
(625,275) -710 548 -275 95 82
--------------------------------------------------------------------------------

# 16 (P-200 P-250 P-275) P-225 P-250
(675,250) -368 828 -343 110 110

----------------------------------------------------------

# 17 kP-300 P-350 P-400) P-305 P-325
(675,350) -536 597 -6 100 92

----------------------------------------------------------
# 18 (P-So P-75 P-125) P-60 P-75

(725,75) -643 314 -285 120 70
------------------------------------------------------------------------------

# 19 (P-175 P-200 P-210) P-175 P-200
(750,200) -443 102 -18 120 125
------------------------------------------------------------------------------

# 20 (P-320 P-350 P-390) P-325 P-350
(750.350) -281 1414 33 115 87
-----------------------------------------------------------------------------

# 21 (P-325 P-350 P-425) P-325 P-350
(775,350) -525 806 78 120 105
-----------------------------------------------------------------------------

# 22 (P-370 P-400 P-420) P-375 P-400
(800.400) -251 1387 227 105 100
-----------------------------------------------------------------------------

# 23 (P-375 P-400 P-500) P-375 P-400
(825.500) -551 1166 -1105 115 105
-------------------------------------------------------------

# 24 (P-250 P-300 P-310) P-275 P-300
(850.300) -985 295 -388 100 88

-----------------------------------------------------------
# 25 (P-125 P-175 P-200) P-125 P-ISO

(900,175) -574 99 -229 85 46
-----------------------------------------------------------------------------

26 (P-360 P-390 P-420) P-375 P-390
(900.390) -1604 1846 13 115 60

-----------------------------------------------------------



TABLE OF ANOMALOUS ZONES(CONTINUED)

ZONE TOTAL FIELD CONDUCTIVITY
CENTER RANGE RANGE

# 27 (P-525 P-S50 P-625) P-525 P-S5O
(900.550) -735 627 -346 80 40

# 28 (P-475 P-500 P-575) P-475 P-00
(1000,500) -607 608 -140 74 90

# 29 (P-525 P-550 P-600) P-525 P-550
(925.550) -657 492 -137 92 110

# 30 (P-225 P-250 P-300) P-225 P-250
(1050,250) -600 405 -434 90 82

# 31 P-580 P-610 P-640) P-575 P-600
(1075.610) -2271 1834 -46 42 20

# 32 (P-800 P-830 P-850) P-800 P-805
(1075,830) -1069 472 -110 27 140

# 33 (P-IS0 P-175 P-225) P-IS0 P-175
(1125,175) -927 518 -30 80 67

# 34 (P-275 P-300 P-350) P-275 P-300
(1125.300) -811 668 -250 84 90

# 35 (P-425 P-450 P-500) P-435 P-450
(1150,450) -623 1125 -29 46 105

# 36 (P-550 P-575 P-625) P-550 P-575
(1175,600) -310 410 -332 62 58

The definition of "anomalous" should be kept in mind when
looking at the zones listed above.

Factoring In Site Historical Data

Aerial photographs and plat map referenced earlier were used
by Consultant to prepare a map across the site which gives at
least a partial picture of the land usage which contributed
to the anomalous conditions observed on the geophysical
data(See Fig. 1). General locations of trenches have been
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helpful in confirming the reasonableness of some of the
geophysical results. Additional help was derived from the
plat referenced earlier in having a record which gives a
ballpark location of the underground storage tank which
requires locating more precisely as well as old site
facilities, such as the location of incenerator, buildings,
tracks, etc. which are no longer in evidence.

One should always be careful in forming strong conclusions
based on incomplete information. The composite historical
picture shown in Figure I does not show, for instance, the
evidence in the 1965 aerial photograph of older closed out
fill areas in the northwestern quadrant of the site. There
are undoubtedly other gaps in available historical
information but the data provided f4 ts the overall picture
very well.

One additional factor will be thrown in the hopper before
returning to the interpretation and beginning to state some
conclusions which may be drawn from the geophysical data
bank. While it will be observed that there is a strong
correlation between the response of the magnetometer and the
electromagnetic system in disturbed zones where ferrous
metals are at or near the surface, the EM system will have a
differing response to varying soil types and soil
conditions in undisturbed zones. A few common ones typical to
this area and present on this particular site Include:

SOIL TYPE EM RESPONSE RANGE

Clay 50-100 Millimhos/Meter
Topsoil 10
Unsaturated Sand 0-1
Moist Sand 5-20
Saturated Sand 50

These responses will vary depending primarily on the nature
of particulates in solution and their susceptibility to the
conductivity of electrical and electromagnetic components.

Discussion of Anomalous Zones

Magnetic response signatures recorded across the area were
classic dipole wherein the response going from south to north
would go slightly negative as the buried object was
approached, swing dramatically to the positive, and then
dramatically to a negative(minimum) value before becoming
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regional again. Objects buried within landfills generally
can be modeled as horizontal cylinders, spheres, dikes, or
the like of high frequencykshort wavelength) duration.
Geomagnetic inclination at the survey site is approximately
60 degrees, which means the force field coming from the
buried object is located at a 60 degree angle from horizontal
and zs measured from the zero crossing northward; which would
place the buried object just to the south of the
minimum(largest negative number and typically the largest
absolute value number in the signature resulting from the
induced magnetic effects of the earth's magnetic field on the
object being detected).

Electromagnetic response signatures which are under the
influence of the induced magnetic field of buried
ferromagnetic materials will record their highest reading at
3r near a point immediatel, above the object; certainly
within a 10 foot radius ci the object.

In both cases, readings off to the side of the object and in
cases where insufficient spatial sampling is used, the field
from the buried object may be ambiguous or be missed
entirely. This caution applies to both data sets. These
considerations should be kept in mind when interpreting
results from these type surveys.

The anomalous zones tabulated above will now be discussed in
greater detail individuall.y. Tabular values for Total Field
Magnetics are for Positions where the signature onset occurs,
where its maximum positive value occurs, and where its
maximum negative value occurs. Tabular values for the
Electromagnetic Survey are maximum and minimum values
recorded in the zone of influence of the buried object with
Positions being noted above the reading in each case.

Zone 01-This zone is interpreted to contain a small amount of
ferrous materials which requires closer sampling to locate
with pinpoint precision. Both data sets agree that a close
approximation of the location is between Position 100-10.

Zone 82-This zone can be characterized as containing a small
amount of ferrous materials located between Positions 800-
810. Good agreement is achieved between both methods.
Closer sampling could further refine.

Zone 13-This zone exhibits good closure and indicates a
ferrous concentration between Positions 225-235. There is
good agreement between both methods.
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Zone #4-This is a very well defined anomaly on both data sets
which indictes the presence of ferrous materials between
Positions 325-335.

Zone #5-A weak but coherent anomaly detected on both systems.
Could be resolved better with finer sampling. Indicated
location of ferrous materials is between Positions 475-485.

Zone #6-A very strong response contrast on both systems with
indicated location of buried ferrous materials between
Positions 180-190.

Zone #7-A very strong response contrast on both systems with
indicated location of buried ferrous materials between
Positions 400-405.

Zone #8-A moderate response on both systems which indicates
that the area sampled is part of a northeast trending nose
off a larger anomaly to the southwest. Indicated location of
buried materials is between Positions 260-265.

Zone #9-A very strong anomaly that is well defined on both
systems. Detail obtained on both systems indicates
concentrations of ferrous materials between Positions 350-
370.

Zone #10-This is an isolated anomaly centered at P-700. This
anomaly was detected slightly by the EM system but stands out
significantly on the Magnetometer reading. The signature is
unusual in that there is very little positive swing but
significant negative reading. The most likely explanation is
that inadequate spatial sampling did not pick up the positive
component on the magnetometer survey and that the EM
sampling was inadequate as well. In any event the indicated
location is between Positions 700-710.

Zone 11-A narrow anomaly which is detected by both systems
but detail obtained on the EM survey places the location of
ferrous materials at Position 65.

Zone #12-A well defined anomaly on both systems located
between Positions 275-285.

Zone #13-A very strong anomaly detected by both systems but
which would benefit from finer spatial sampling as the
maximum magnetic minimum and probably the strongest EM
reading is skipped. Probable location is between Positions
365-375.
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Zone #14-A small anomalous feature detected reliably by both
systems. Location is between Positions 85-95.

Zone 315-A mildly disturbed zone detected by both systems
with probable location between Positions 275-265.

Zone 316-A mildly developed anomaly detected by both systems.
Symmetric signature on both systems indicate the position not
to be located immediately over a severely disturbed zone.
Location is between Positions 240-250.

Zone #17-A well developed anomaly which is detected by both
systems with detail acquired with the EM system locating the
ferrous materials at Position 305; a location which is
consistent with the Magnetics.

Zone 318-A well developeo anomaly detected by both systems
and located off the flank cf a larger anomaly. Location is
between Positions 50-60.

Zone #19-A mildly disturbed zone detected by both systems.
The zone between 175-200 could benefit from greater detailed
gridding. Ferrous materials are located between Positions
175-185.

Zone 320-A well defined zone that is located more precisely
by the EM system due to greater detailing. Anomaly is
located between Positions 325-335.

Zone #21- A well developed anomaly detected by both systems.
Located on the southeast flank of a trend running northwest-
southeast. Anomaly location is between Positions 330-340.

Zone 322-A well developed anomaly detected by both systems
and following the same trend as Zone #21. Anomaly location
is between Positions 375-385.

Zone 323-A well developed anomaly which could benefit from
more magnetic detail between Position 375-400. Detail on EM
survey places location of this ferrous concentration between
Positions 380-390.

Zone 124-A mildly anomalous zone detected by both systems and
located between Positions 260-270.

Zone 325-A well defined anomaly on both systems and located
between Positions 130-140.

Zone *26-A very strong anomaly detected by both systems and
located between Positions 370-380.
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Zone 127-A well defined anomaly detected by both systems but
probably would be stronger with finer spatial sampling.
Location of this anomaly is between Positions 530-540.

Zone #28-A mild anomaly which is detected by both systems but
which is not well defined probably due to inadequate spatial
sampling. Location of this deposit is between Positions 490-
500.

Zone 129-An ill defined anomaly due to inadequate sampling
which is located between 540-550. Another cause for
ambiguity is that it is located on the northeast flank of a
major disturbance growing off to the southwest.

Zone #30-A mild anomaly detected by both systems and located
between Positions 230-240.

Zone #31-A very strong anomaly detected by both systems and
located between positions 580-590.

Zone #32-A well defined anomaly on both systems with detailed
measurements on the EM survey placing the location between
Positions 805-815.

Zone #33-A mild anomaly detected by both systems and located
between Positions 160-170.

Zone #34-A mild anomaly detected by both systems. Increased
spatial sampling required to refine but indications are that
location is between Positions 290-300.

Zone #35-A well defined anomaly by both systems which would
benefit from greater spatial detail but which, due to some
detailed information on th EM survey indicates a location
between Positions 440-450.

Zone 636-A poorly defined anomaly which is on the flank on a
more pronounced expression but which could benefit from finer
spatial sampling. Indicated location of buried target is
between Positions 560-570.

The above detailed anomalous zones are in some cases isolated
from the major pit areas but for the most part are to be
considered as part of a depositional trend of ferromagnetic
materials across the landfill area. The trends are obvious
from plotting the zones discussed and from a review of the
orthogonal projections of the three quantities measured.
There is good agreement between results obtained by the Total
Field Magnetics, Gradient of the Total Field, and the
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Electromagnetic method. The data presented above in zone
form is deemed suitable for the selection of a representative
number of locations to collect soil samples, which is one of
the stated objectives of the survey.

There is one area of interest outside the area most disturbed
which is deemed worthy of mention when considering locations
to collect soil and water samples as well as for possible
location of monitoring wells. From a review of the aerial
photographs it appears that there is a zone in the southeast
quadrant where there were at one time tanks or perhaps
natural ponding. The location of this zone appears to be be
on a trend between Lines 100-400 and between Positions 700-
800. One such site is near Zone #2 discussed above.

Electromagnetic Conductivity Response in Undisturbed Zones

As can be seen in the discussion of the various Zones above,
much of the area has been disturbed and as a result the EM
readings are influenced by the presence of ferrous materials
which have induced magnetic properties. A cursory glance of
the topographic and orthogonal projections, particularly the
Gradient of the Total Field projections, will graphically
present those high amplitude disturbed zones which dominate
the northeast, northwest, and southwest quadrants and, to a
lesser extent the southeast quadrant. Nevertheless,
Consultant attempted to determine if any significant patterns
could be observed in the relatively undisturbed zones. As a
part at this investigation, topographic maps of the
Electromagnetic Data were generated which limited the signal
being contoured over a set zt panels. These displays are
.made a pai't if this report and are identified as Figures 1-
18. These Figures. when ccupied with orthographic displays
of all data sets. which complement and agree with each other.
were used to investigate those relatively undisturbed areas
to see it an> useful geological and hydrogeologicai
intormation could be inferred.

The only areas that are even relatively free of disturbed
zones are to be found in areas generally to include:

" Southeast Quadrant ot Site,
" East 1,/2 of Southwest Quadrant,
" Central Portion of South 1/2 of Northeast Quadrant.

There are others of course such as just up against the fences
in the Northeast corner and along portions of the western
fence. However, for the purposes of this discussion the
three areas referenced above will be analyzed.



Only one zone was observed in the area of investigation which
had concentrated areas where Electromagnetic readings between
0-20 mmohs/meter and that was in and around Line 450,
Position 400(See Fig. 14). This reading range would be
typical of moist to saturated sand.

Opening the window to include readings between 0-50 mmhos/m,
revealed that a trianguiar wedge with corners at (L-12S,
P-ISO) southwestward to (L-575,P-600) eastward to (L-200,
P-575) and back to the starting point to the northeast had
significant power in the 20-SO mmohs/m range. This range
would infer a reasonable concentration of saturated sand or
very sandy clay to be present(See Fig. 15).

Opening the window further revealed that the values in the
50-70 mmohs/m are increasing to the south and southeast(See
Fig. 16).

The window from 70+ mmohs/meter upward reveals that there is
a gentle trend with some areas of closure in the southeast
quadrant and eastern 1/2 of the southwest quadrant where this
higher reading begins to express itself. This reading would
be typical of soils which are predominantly clays(See Fig.
17).

The window including 90+ mmohs/m reveals that no coherent
contours are present in the relatively undisturbed areas
under consideration(See Fig. 18).

Thus one could conclude that this area consists of saturated
sands and sandy clays to the north grading to the south and
southwest to primarily clays.

The area to the south where clays dominate do not exhibit any
significant closure which might indicate a significant change
in the hydrogeological environment which could in turn
indicate an increase in conductive materials in the
groundwater.

This analysis does not speak to organics which are, except
where In very heavy concentration, difficult to detect. In

any event, the readers are invited to form their own
conclusion on matters discussed in this section.

I
Underground Storage Tank(UST) Location

Historicai information provided at the end of the field phase
plus discussions with NUS representative David Upthegrove
indicates that the approximate location of this tank to be onI
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the west side of the north-south road running along the west
side of the landfill area. Specifically, the tank is
reported to be west of the old cul-de-sac which circied the
incenerator which has iong since been torn down. This would
place the tank at an approximate location of L-1125, P-600.
The area is in a very disturbed zone. both culturally and
subsurface wise. Culturally from the fence just to the west
of the road and subsurface wise due to the amount of remnants
from past facilities. Without some historical information it
would be easy to get lost in this exercise of trying to find
one particular bolt in a bucket of bolts. For instance, the
Total Field Signature derived at L-1075, P-600 is a classic
response of what one might expect to see when crossing an
underground storage tank(See Fig. 28).

In order to investigate the most probable site, several
detailed dispiays were generated at the site. Specifically,
topographic and orthogonal projections were generated for the
Total Field, Gradient of Total Field, and Electromagnetic
survey data(See Figures 29-36).

Total Field detailed topographic display revealed a maximum
area centered at (L-1175.P-585) with minimum components to
the east; with the strongest minimum being to the east at
approximately (L-1125,P-600).

Gradient of Total Field detailed topographic display revealed
a gradient positive peak at (L-1200,P-575) and a gradient
negative(mininum) trough at (L-1175,P-600).

Electromagnetic detailed topographic display revealed a high
closed area at (L-1200.P600) and a northwest-southeast saddle
with a maximum reading of 75 mmohs/m centered at
approximately (L-1150,P-600). A close analysis of this data
led to the personal conclusion that the closure at L-1200,
P-600 is due to cultural interference from the nearby cyclone
fence.

Overall, readings from the two systems are not nearly as high
as one might expect from crossing an underground storage
tank. Assuming the tank is in the proximity suggested by
historical data, one can only conclude that adequate spatial
sampiing was not used in either survey to obtain the high
amplitude signature characteristic of this type feature.
Again. Figure 28 would be typical. A study of this figure
will reveal that in the course of 30 feet the signature went
from maximum positive to maximum negative value.

Based on what we have and not what we might like to have, the
Total Field and Gradient of the Total Field would indicate a
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I
tank location of (L-1135.P-585). The approximate location
based on Electromagnetic data is not at all clear to me.
It may be that the depth of burial or insufficient sampling
or the presence of sand backfilling around and over the tank
or some combination of the above creates this inconclusive
evidence.

For a location on the west side of the road. Consultant would
have to recommend the above location as a good place to
probe---Line 1135, Position 585.

Initial Monitoring Well Locations

Based on discussions with Client representative, Consultant
is under the impression that an initial well program to
obtain water samples for analysis and to determine gradient
will consist oi a four well program, with one well being
placed on each side of the site.

Potential candidate locations for the east side of the site
would likely include (L-50,P-50) and/or (L-50,P-600).
assuming the criteria is to drill near but not into disturbed
zones.

For a location on the south end of the site there are
numerous undisturbed locations to choose from. Recalling the
reference earlier of historical evidence suggesting that at
one time there appears to have been ponding or a manmade tank
complex across the area bounded by Lines 100-400 and
Positions 700-800. Perhaps at least one site along this
trend is to be recommended.

On the north side of the site, undisturbed zones are confined
to the eastern and western extremities for the most part.
with possible locations at (L-825.P-50) or, if a more central
location is chosen on the east side, I would reccomend the
northeast corner as another possibility; as for example
(L-75. P-25) or perhaps the northern most site on the east
side referenced earlier.

Locations on the west side will have to be tight against the
fence at any location but two candidates would include
(L-1175.P-750) or (L-1175.P-850).
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CONCLUDING REMARKS

Issues addressed during the course of this report have

included the following:

* Detailing the site to identify all anomalous zones

for planning a soil sampling program.

* Characterizing the geologic and hydrogeologic

conditions across undisturbed zones.

* Locating undisturbed sites on each side ot the

landfill area to consider for the initial monitoring

well program.

* Deriving a more precise estimate of the location of

underground storage tank.

Consultant feels that the quality of the data acquired and

the consistency of results within each technique and between

techniques, considering the complexity of the area, has

resulted in a quality product which extracted the maximum

available information which should allow Client to enter the
next phases of the work program with a higher level of

understanding of site conditions and the confidence which

this brings to the decision making process.
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GROUND-WATER SAMPLES

FORMER BASE LANDFILL
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INTERNAL CORRSPONDENCE-NU
CORPORATION

C-49-0-3-174

TO: LINDA STEAKLEY DATE: APRIL 18, 1990

FROM: DEB SCHEIB CC: FILE

SUBJECT: ORGANIC DATA VALIDATION - VOA/BNA/P&P
ELLINGTON AIR FORCE BASE
CASE NO. EAFB1, SDG EAFBI

SAMPLES:

SOIL

01-FBOl-A 01-SB03B-A 02-SBllB-A
01-FB02-A 01-SB04A-A 02-SBllC-A
01-RB01-A 01-SB04B-A 02-SB12A-A
01-RB03-A 01-TBOl-A 02-SBl2B-A
01-SB01A-A 01-TB03-A 02-SBl2C-A
01-SB01B-A 02-FDOl-A 01-SB02-A
01-SB03A-A 02-SBIIA-A

NUS Laboratories analyzed 14 soil samples (including one field
duplicate pair) and 6 aqueous quality control samples for Target
Compound List (TCL) volatiles. In addition, thirteen samples were
analyzed for semivolatile compounds and eleven were analyzed for
pesticide /PCBs. Included with this sample set are two field
blanks, two rinsate blanks and two trip blanks.

The data were reviewed with reference to the EPA "Functional
Guidelines for Organic Data Validation", and the Hazardous Waste
Remedial Action Program's (HAZWRAP) "Requirements for Quality
Control of Analytical Data". These analyses were performed under
HAZWRAP Level C QA/QC requirements and were evaluated based on the
following criteria:

- Holding times
- GC/MS tuning and mass calibration
- Laboratory and field blank analyses
- Initial and continuing calibrationI - Surrogate spike recovery
- Matrix spike/matrix spike duplicate (MS/MSD) results
- Field duplicate precision1 - Internal standards performance
- Detection limits

The data package was complete as submitted. Surrogate spike
recovery and internal standards performance met contract required
criteria. Results which did not meet quality control criteria areI

I



LINDA STEAKLEY
C-49-03-174
APRIL 18, 1990 - PAGE 2

discussed below.

Volatile Fraction

The aromatic compound seven-day holding time allowance was exceeded
by 4-5 days for samples 02-FD01-A, 02-SBllB-A, 02-SBl2A-A, 02-
SBl2B-A and 02-SBl2C-A. Detection Limits (DLs) for aromatic
compounds in these samples are qualified as estimated, "UJ".

Sample 02-SBl2A-A was reanalyzed beyond volatile compound holding
time allowances. Only the reanalysis data was submitted as part
of the data package. All results for this sample are considered
to be estimated. Positive results are qualified "J"; DLs are
qualified "UJ".

Instrument 4500B failed to meet GC/MS tuning and mass calibration
criteria on 12/15/89. Only field quality control samples were
analyzed on that date; no reanalyses were performed. No
qualifications were made as field quality control samples are not
qualified for any non-compliance. The sample data as reported is
considered to be useable for purposes of evaluating the extent of
blank contamination.

The following contaminants were detected in trip, field, rinsate
and laboratory method blank analyses in the maximum concentrations
indicated:

contaminant maximum concentration (ug/kg)
benzene 8
bromodichloromethane 15
bromoform 30
bromomethane 2
chloromethane 1
chloroform 39
dibromochloromethane 36
1,l-dichloroethene 1
total-i,2-dichloroethene 2
trans-.,3-dichloropropane 1
2-hexanone 27
1,1,2,2-tetrachloroethane 1
1,1,1-trichloroethane 1
1,1,2-trichloroethane 3
vinyl acetate 1

common contaminant
acetone 85
2-butanone 76
methylene chloride 19
toluene 3

NUS COPOUATION
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Action levels of ten times the maximum amount of common lab
contaminant and five times the maximum amount of other contaminants
were used to evaluate the data. Sample size and moisture content
adjustments were considered prior to application of the action
levels. No qualifications were made for bromodichloromethane,
dichlorobromomethane, bromoform, 2-hexanone, chloromethane,
brocomethane, 1,1-dichloroethene and total-l,2-dichloroethene as
no positive results were reported for these compounds. Sample
contaminant concentrations below the Contract Required Quantitation
Limit (CRQL) have been deleted. Sample contaminant concentrations
above the CRQL but within the action level are qualified "U", as
undetected.

The Percent Relative Standard Deviation (%RSD) for the initial
calibration of 2-butanone exceeded 50%. No qualifications were
made, however, as only field quality control samples were affected.

Initial calibrations for bromomethane, chloroethane and methylene
chloride exceeded the exceeded ±30% RSD quality control limit. No
qualifications were made for bromomethane as only field quality
control samples were affected. No qualifications were made for
chloroethane as no positive results were reported for this
compound. All results for methylene chloride were previously
qualified "U" on the basis of blank contamination; no further
action was taken.

Some continuing calibration Percent Differences (%Ds) for acetone,
cis-l,3-dichloropropene, trans-l,3-dichloropropene, carbon
disulfide and 2-butanone exceeded 50%. No positive results were
reported for these compounds in affected samples. DLs are
qualified as estimated, "UJ".

Some continuing calibration %Ds for several compounds exceeded the
±25% quality control limit. No qualifications were made, however,
as no positive results were reported for these compounds in
affected samples.

The Relative Percent Differences (RPDS) for methylene chloride and
acetone exceaded the 50% field duplicate quality criteria for
soils. Results for these compounds in both samples have been
previously qualified "U" based on blank contamination. No further
actions were taken as this occurrence is felt to be attributable
to varying levels of laboratory contamination and is not due to'field duplicate imprecision.

Several unknown Tentatively Identified Compounds (TICs) were
detected in blanks analyzed with this sample set. Sample results
for these unknowns which are less than five times the maximum
amount of TIC detected have been stricken (crossed-out) on the Form
I-VOA TIC reports.

Ntu COMPORATUON



LINDA STEAKLEY
C-49-03-174
APRIL 18, 1990 - PAGE 4

Semivolatile Fraction

Laboratory method blank analyses yielded a maximum amount of 35
ug/kg of the common laboratory contaminant di-n-butyl phthalate.
A corresponding 350 ug/kg action level was used to evaluate the
data. Sample size and moisture content adjustments were
considered prior to application of the action level. Sample
contaminant concentrations below the CRQL have been deleted.
Sample contaminant concentrations above the CRQL but within the
action level are qualified "U", as undetected.

The 30% RSD initial calibration criteria was exceeded for 4-
chloroaniline, 3-nitroaniline, 2,4-dinitrophenol, 4-nitroaniline,
bis (2-chloroethoxy) methane, 2-methylphthalene, 2,6-dinitrotoluene,
4-chlorophenyl-phenylether, fluorene, and pyrene. No
qualifications were made as no positive results were reported for
these compounds.

The continuing calibration Response Factor (RF) for 4-nitrophenol
was below the 0.05 quality control limit. Only sample 01-SB01B-A
was affected. The DL for 4-nitrophenol in this sample is qualified
as unreliable, "R".

Some continuing calibration %Ds for di-n-butylphthalate and
butylbenzylphthalate exceeded 50%. No qualifications were made as
only field quality control samples were affected.

The + 25 %D quality control criteria was exceeded for the
continuing calibrations of several compounds. No qualifications
were made as no positive results were reported for these compounds
in the affected samples.

Percent recoveries (%R) for 4-nitrophenol and 2,4-dinitrotoluene
exceeded quality control limits for the Matrix Spike/Matrix Spike
Duplicate (MS/MSD) analysis of sample 01-SB02-A. No qualifications
were made as no positive results were reported for this sample.

Several TICs were detected in associated blank analyses. A summary
of the maximum amounts of TIC contaminants found follows:

Contaminant (RT) Max. Amount Found (ua/ka)

2,5-dimethyl-2-hexene 180
2,5-dimethyl-3-hexene 240
2,3,6-trimethyl heptane 830
aldol condensation product 37000
2,3-dimethyl heptane 1700
2,4-dimethyl heptane 190
2,5-dimethyl heptane 220

(continued)

NUS CORPORATION
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2,6-dimethyl heptane 780
3,4-dimethyl heptane 310
3,5-dimethyl heptane 2300
2,2,4-trimethyl pentane 130
2,3,4-trimethyl pentane 2100
4-(1-methylethyl)-heptane 660
5,5-dimethyl-2-furanone 540
dimethyl-2-pentene isomer 260
1-methylethyl acetic acid (ester) 1600
4-methylethyl acetic acid (ester) 140
2,6-dimethyl heptane 350
2-methyl octane 220
3-methyl octane 1300
2-butoxy ethanol 1300
2-ethyhexyl hexanedioic acid (ester) 65000

Several unknowns and alkanes were also detected. Sample results
less than five times the maximum amounts of TIC contaminants shown
above have been stricken (crossed-out) on the Form I-BNA TIC
reports.

Pesticide/PCB Fraction

Sample 01-SB04B-A was extracted six days beyond holding time
allowances. No positive results were reported. DLs for this
sample are qualified as estimated, "UJ".

DAS:O-EAFB1

NUN CORPONATION
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__ CORPORATION

C-49-0-4-130

TO: LINDA STEAKLEY DATE: APRIL 18, 1990

FROM: DEB SCHEIB CC: FILE

SUBJECT: ORGANIC DATA VALIDATION - VOA/BNA/P&P
ELLINGTON AIR FORCE BASE
CASE NO. EAFB1, SDG EAFB2

SAMPLES:

WATER

01-FD02-A 02-SBl3C-A 01-TB04-A
01-SB05A-A 01-SBI4A-A 02-RB05-A
01-SB05B-A 01-SB14B-A RB06-A
01-SBl3A-A 01-SBl4C-A FB04-A
01-SBI3B-A 02-TBO3-A FBO3-A

NUS Laboratories analyzed 9 soil samples (including one field
duplicate pair) and 6 aqueous quality control samples for Target
Compound List (TCL) volatiles. In addition, nine samples were
analyzed for TCL semivolatile compounds and six samples were
analyzed for pesticide /PCBs. Included with this sample set are
two field blanks, two rinsate blanks and two trip blanks.

The data were reviewed with reference to the EPA "Functional
Guidelines for Organic Data Validation", and the Hazardous Waste
Remedial Action Program's (HAZWRAP) "Requirements for Quality
Control of Analytical Data". These analyses were performed under
HAZWRAP Level C QA/QC requirements and were evaluated based on the
following criteria:

- Holding times
- GC/MS tuning and mass calibration
- Laboratory and field blank analyses
- Initial and continuing calibration
- Surrogate spike recovery
- Matrix spike/matrix spike duplicate (MS/MSD) results
- Field duplicate precision
- Internal standards performance
- Detection limits

The data package was complete as submitted. GC/MS tuning and mass
calibration, internal standards performance and surrogate spike
recoveries met contract required criteria. Results which did not
meet quality control criteria are discussed below.
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Volatile Fraction

The aromatic compound seven-day holding time allowance was exceeded
by 1 day for samples 01-FD02-A, 01-SBO5A-A and 01-SB05B-A. No
qualifications were made as this occurrence is felt to have
negligible impact on soils.

The seven-day aromatic holding time allowance was exceeded by
several days for the following samples:

02-SBI3A-A 02-TB03-A RBO6-A
02-SBI3C-A 01-TBO4-A
02-SBl4C-A FBO4-A

In addition, the fourteen-day volatile compound holding time
allowance was exceeded by several days for the reanalysis of the
following:

02-SBI3B-A 02-SBI4B-A
02-SB13C-A 02-SBI4C-A
02-SBI4A-A FBO3-A

No qualifications .ere made for field quality control samples as
these are not qualified for any non-compliance as per validation
protocol. Positive results and Detection Limits (DLs) for affected
compounds in affected samples are qualified as estimated "J" and
"UJ", respectively.

The following contaminants were detected in trip, field, rinsate
and laboratory method blank analyses in the maximum concentrations
indicated:

contaminant iaaxirum concentration (ug/kg)
benzene 8
bromodichloromethane 16
bromomethane 2
chloromethane 1
chloroform 40
dibromochloromethane 33
1,l-dichloroethene 1
total-l,2-dichloroethene 2
trans-l,3-dichloropropane 1
2-hexanone 1
11,2,2-tetrachloroethane 1
1,1,l-trichloroethane 1
1,1,2-trichloroethane 3
vinyl acetate 1

(continued)

MUU CORPORATION
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common contaminant maximum concentration (ug/kg)
acetone 16
2-butanone 3
methylene chloride 17
toluene 3

Action levels of ten times the maximum amount of common lab
contaminant and five times the maximum amount of other contaminants
were used to evaluate the data. Sample size and moisture content
adjustments were considered prior to application of the action
levels. No qualifications were made for bromomethane, 1,1-

dichloroethene, total-l,2-dichloroethene, trans-l,3-
dichloropropene, 1,1,1-trichloroethane, vinyl acetate and toluene
as no positive results were reported for these compounds. Sample
contaminant concentrations below the Contract Required Quantitation
Limit (CRQL) have been deleted. Sample contaminant concentrations
above the CRQL but within the action level are qualified "U", as
undetected.

The average Relative Response Factor (RRF) for the initial
calibration of 2-butanone was below the 0.05 quality control limit.
Only the reanalysis of sample 02-SBl3B-A was affected. The DL for
2-butanone in this sample is qualified as unrelaible. "R".

Percent Relative Standard Deviations (%RSDs) for the initial
calibration of chloroethane, methylene chloride, acetone and total
xylenes exceeded the 30% quality control criteria. No
qualifications were made for acetone as only field quality control
samples were affected. No qualifications were made for
chloroethane or total xylenes as no positive results were reported
for these compounds in affected samples. The positive result
reported for methylene chloride in the reanalysis of sample 02-
SBl3-B-A was previously qualified as estimated based on holding
times. No further action was taken.

Some continuing calibration Percent Differences (%Ds) for trans-
1,3-dichloropropene, carbon disulfide and total xylenes exceeded
50%. DLs for these compounds in affected samples are qualified as
estimated, "UJ". The positive result for acetone in sample 02-
SBl4A-A was previously qualified as estimated, "J", based on
holding times.

Some continuing calibration %Ds for several compounds exceeded the
±25% quality control limit. No qualifications were made, however,
as no positive results were reported for these compounds in
affected samples.

The Tentatively Identified Compounds (TICs) l,l,2-trichloro-l,2,2-
trifluoroethane (Freon 113) and methylcyclopentane were detected
in blanks analyzed with this sample set. Several unknowns and

NUS CORPORATION
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alkanes were also detected. No qualifications were made as no TICs

occurring in the blanks occurred in the samples.

Semivolatile Fraction

The following contaminants were detected in laboratory method and
field quality control blank analyses in the naximum concentrations
indicated:

contaminant maximum concentration (ug/kg)
pentachlorophenol 230
pyrene 99

common contaminant maximum concentration (ug/kg)
bis(2-ethylhexyl)phthalate 16

Action levels of ten times the maximum amount of common lab
contaminant and five times the maximum amount of other contaminants
were used to evaluate the data. Sample size and moisture content
adjustments were considered prior to application of the action
levels. No qualifications were made for pentachlorophenol and
pyrene as no positive results were reported for these compounds.
Bis(2-ethylhexyl)phthalate results below the CRQL have been
deleted.

The 30% RSD initial calibration criteria and the + 25% D continuing
calibration criteria was exceeded for several compounds. No
qualifications were made, however, as no positive results were
reported for the affected compounds.

Sample 01-SB05B-A was determined to be free of semivolatile
contamination, however, phenol and bis(2-ethylhexyl)phthalate were
detected in the field duplicate. No action was taken as the
presence of bis(2-ethylhexyl)phthalate is felt to be attributable
to blank contamination and the concentration for phenol is well
below the CRQL for soils.

Positive results for phenol and naphthalene are qualified as
estimated, "J", as they are below the CRQL.

Several TICs were detected in associated blank analyses. A summary
of the maximum amounts of TIC contaminants found follows:

Contaminant (RT) Max. Amount Found (ua/ka)

2,5-dimethyl-2-hexene 180
2,3,6-trimethyl heptane 240
aldol condensation product 4100

(continued)
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2,3-dimethyl heptane 610
3,4-dimethyl heptane 310
3,5-dimethyl heptane 180
2,3,4-trimethyl pentane 770
4-(l-methylethyl)-heptane 660
5,5-dimethyl-2-furanone 560
3-methyl octane 210
4-methyl octane 200
2-butoxy ethanol 1100

Several unknowns were also detected. Sample results less than five
times the maximum amounts of TIC contaminants shown above have been
stricken (crossed-out) on the Form I-BNA TIC reports.

Pesticide/PCB Fraction

The Matrix Spike (MS) recovery for heptachlor fell below quality
limits in the MS/MSD analysis of sample 01-FD02-A. No
qualifications were made as the Matrix Spike Duplicate (MSD)
recovery for heptachlor was acceptable.

Samples 02-SB05B-A and 01-FD02-A constitute a field duplicate pair.
Results for heptachlor exceeded the 50% Relative Percent Difference
(RPD) field duplicate criteria for soils. The positive result for
heptachlor in sample 01-FD02-A is qualified as estimated "J". The
DL in sample 02-SB05B-A is qualified "UJ".

DAS:O-EAFB2
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INTERNAL CORSINEC

CORPORAON

C-49-0-3-160

TO: LINDA STEAXLEY DATE: MARCH 29, 1990

FROM: D. A. SCxEIB CC: AMY HUBBARD

SUBJECT: INORGANIC DATA VALIDATION - METALS
METALS AND PETROLEUM HYDROCARBONS
ELLINGTON AIR FORCE BASE
CASE NO. EAFBI
SDG EAFB4

SAMPLES:

WATER

01-MW03-A 01-MWO2-A
01-MW04-A 01-MW05-A
01-FB10-A 01-FD05-A
01-FB11-A 01-RB13-A
01-MWOI-A

NUS Laboratories analyzed 6 water samples (including one pair of
field duplicates) and three associated aqueous quality control
samples taken from the Ellington Air Force Base for TAL Metals and
Petroleum Hydrocarbons. Data from these samples were evaluated
under the following HAZWRAP Level C QA/QC criteria:

- Holding Times
- Interference Check Samples

o - Matrix and Analytical Spike Results
- Initial and Continuing Calibration
- Laboratory and Field Duplicates

o - Laboratory and Field Blank Analyses
- Laboratory Check Samples
- Serial Dilutions
- Detection Limits

o Indicates that quality control criteria were not met for this
parameter.

TAL Metals

Blanks

Cobalt, iron, mercury, barium, calcium, lead, magnesium, manganese,
potassium, sodium, silver, and zinc were found in laboratory and
field quality control blanks. Positive results less than 5 times
the highest blank concentrations are qualified, "U", as undetected.



Linda Steakley
C-49-0-3-160
March 29, 1990 - Page 2

Matrix Spikes

Matrix spike recoveries for silver were below the ±25% quality
control limit. Therefore, detection limits reported for silver are
qualified as unreliable, "R".

Petroleum Hydrocarbons

Samples 01-MW05-A and 01-FD05-A constitute a field duplicate pair.
No petroleum hydrocarbons were detected for sample 01-FD05-A,
however, a concentration of 0.9 ng/l was reported for sample 01-
HW05-A. This positive result has been qualified as estimated, "J"
due to lack of precision for field duplicate results.

/bpk
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TABLE 1 - METALS

SUMMARY OF QUALIFIERS AFTER DATA VALIDATION
ELLINGTON AIR FORCE BASE
CASE NO. EAFB, SDG EAFB4

Analyte Sample No. Positive Undetected Bias Comment

Cobalt All U High 1

Iron All, except U High 1
01-MW04-A

Mercury 01-MW03-A, U High 1
0I-MW01-A,
0 1-MW02 -A

Barium All, except U High I
01-MW03-A

Lead All, except U High 1
0 1-MW02 -A

Magnesium All U High 1

Manganese 01-MW03-A, U High 1
01-MW02-A

Potassium All U High 1

Sodium All U High 1

Zinc All U High 1

Silver 01-MW03-A, U High 1
01-MW02-A
01-MW04-A, R N/A 2j 0I-MW0 -A,
0I-MW05-A,
01-FD05-AI

Comments

1. Blank contamination.
2. Low matrix spike recovery.

Aqueous quality control samples (field blanks) are not qualifiedg on the basis of blank contamination or any other non-compliance.

I



DATA SUMOKARY

TABLE A



l(49J I 1: I

01

to A

la M- I I I

1-ti n ro..A p c.iO

I6 I i: II I j: F :: T I

Ij H

.1~4 pj 0 z

U. __ 0a(~ P- c -



zr IQI

InI

"Ov

f i_ _ _ _ _ __ _ _ _ _ _



I - --

,A I

__________I

cm~u-- 0

'n [

iA

11,7 1 1_11 1 1 1 1I



CORPORAION
C-49-4-0-117

TO: LINDA STEA KLY DATE: APRIL 18, 1990

FROM: D.SA. CHEIBiAP CC: FILE

SUBJECT: ORGANIC DATA VALIDATION - VOA/BNA/P&P
ELLINGTON AIR FORCE BABE
CASE NO. FBPl, SDG EAFB4

SAMPLES:

Water

01-FB10-A Gl-MW03-A 02-MW108-A
01-FBI1-A 01-RB13-A 02-MW1l0-A
01-FD05-A 01-TB09-A 02-RB11-A
01-MW05-A 02-FB09-A 02-TB07-A
01-MWol-A 02-MW07-A 02-TBOB-A
01-MW02-A 02-MW09-A 01-MW04-A

NUS Laboratories analyzed 10 water samples (including one pair of
field duplicates and 8 aqueous quality control samples for Target
Compound List (TCL) volatile and semivolatile compounds. Nine
samples were also analyzed for pesticides and PCBs. Included in
this sample set are three field blanks, two rinsate blanks and
three trip blanks.

The data were reviewed with reference to the EPA "Functional
Guidelines for Organic Data Validation" and the Hazardous Waste
Remedial Action Programs's (HAZWRAP) "Requirements for Quality
control of Analytical Data". Analyses were conducted and are
evaluated under the following HAZWRAP Level C QA/QC criteria:

- Holding times
- GC/MS tuning and mass calibration
- Laboratory blank analyses
- Initial and continuing calibration
- Internal standards performance
- Surrogate spike recovery
- Matrix Spike/Matrix Spike Duplicate results
- Field duplicate precision
- Detection limits

The data package was complete as submitted. GC/MS tuning and mass
calibration and internal standards performance met contract
required criteria. Data which did not meet quality criteria are
discussed below.



Volatile Fraction

The seven-day holding time allowance for aromatic compounds was
exceeded by five days for the following samples:

01-MWOl-A 01-MW04-A 01-MW107-A
01-MW02-A 01-MW05-A 01-MW108-A
02-MW03-A 02-MW09-A 02-MWll0-A

Positive results and detection limits for aromatic compounds in
affected samples are qualified as estimated, "J" and "UJ",
respectively.

The following contaminants were detected in trip, field, rinsate
and laboratory method blank analyses in the maximum concentrations
indicated:

contaminant maximum concentration (ug/L)

benzene 16
bromodichloromethane 41
bromoform 21
carbon disulfide 85
chloroform 53
dibromochloromethane 44
1,1,-dichloroethane 16
ethylbenzene 5
2-hexanone 19
4-methyl-2-pentanone 4
1,1,l-trichloroethane 11
total xylenes 37

common contaminant

acetone 23
2-butanone 110
methylene chloride 23
toluene 16

Action levels of ten times the maximum amount of common lab
contaminant and five times the maximum amount of other contaminants
detected were used to evaluate the data. Sample contaminant
concentrations below the Contract Required Quantitation Limit
(CRQL) have been deleted. Sample contaminant concentrations above
the CRQL but within the action level are qualified "U", as
undetected.

Initial calibration Percent Relative Standard Deviation (%RSD) for
chloroethane exceeded 50%. Detection limits for chloroethane in
affected samples are qualified as estimated, "UJ".



Initial calibration %RSDs for total xylenes and carbon disulfide
exceeded the 30% quality control criteria. Affected sample data
was not qualified further as results for these compounds were
already qualified "U" based on blank contamination.

The continuing calibration Percent Difference (%D) for vinyl
acetate exceeded 50%. Detection limits for vinyl acetate in
affected samples are qualified as estimated, "UJ". The continuing
calibration %D for acetone exceeded 50%, however, no qualifications
were made to detection limits for acetone were previously raised
(via use of the "U" qualifier) due to blank contami ition.

Some continuing calibration %Ds for acetone, carbon disulfide,
vinyl acetate, tetrachloroethane, total xylenes and chloromethane
exceeded the + 25% quality limit. No qualifications for acetone,
carbon disulfide and total xylenes were made as affected results
for these compounds were already qualified "U" based on blank
contamination. No qualifications for vinyl acetate,
tetrachloroethane and chloromethane were made as no positive
results were reported for these compounds.

Percent Recoveries (%R) for l,l-dichloroethene and trichloroethene
exceeded matrix spike/matrix spike duplicate quality control
criteria. No qualifications were made as no positive results were
reported for these compounds.

Relative Percent Differences (RPDs) for benzene and carbon
disulfide exceeded the 30% quality limit for waters for the field
duplicate analyses of samples 01-MWO5-A and 01-FD05-A. No
qualifications were made as these occurrences are felt to be
attributable to blank contamination and not field duplicate
imprecision.

A maximum concentration of 44 ug/L 1,1,2-trichloro-l,2,2-
trifluoroethane (Freon 113) was detected at a TIC in blanks
analyzed with this sample set. Several unknown compounds were also
detected in the blanks. All sample TIC results for Freon 113 were
less than the corresponding 220 ug/L action-level and have been
stricken (crossed-out) on the Form I-VOA TIC reports. No unknowns
occurring in the blanks occurred in the samples.

Semivolatile Fraction

Maximum concentrations of I ug/L naphthalene and 2 ug/L of the
common blank contaminant bis(2-ethylhexyl) phthalate were detected
in field and rinsate blank analyses. No qualifications were made
as no positive sample results were reported for these compounds.

Some %Ds for the continuing calibration of several compounds failed
to meet the + 25% quality criteria. No qualifications were made
as no positive sample results were reported for the affected
compounds.



The Percent Recovery (%R) for the surrogate 2-fluorobiphenyl was
below acceptable limits in sample Ol-MWO2-A. No qualification
based on this single occurrence is required.

A maximum concentration of 5.8 ug/L cyclohexanone and several
unknowns were detected in blanks analyzed with this sample set.
None of these particular TICs were found in the samples, hence, no
qualifications were made.

Pesticide/PCB Fraction

Delta-BHC, gamma-BHC (lindane) and heptachlor were detected in the
rinsate blank. No qualifications were made as no positive sample
results were reported for these compounds.

Positive results for alpha-BHC and methoxychlor are qualified "J",
as estimated, as they are below the CRQL.
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' INTERNAL. CCESPNENCE

TO: L33DA STEAXLZY C-49-0-3-173

FROM: D. A. SCHEIB y  
DATE: MARCH 30, 1990

CC: ANY HUBBARD

SUBJECT: INORGANIC DATA VALIDATION - PETROLEUM HYDROCARBONS
ELLINGTON AIR FORCE BASE
CASE NO. EAFBI, SDG EAFB3

SAMPLES:

02-SB07A-A 02-SB09B-A 01-FDO5-A
02-SB07B-A 02-SB09C-A 02-FB05-A (HPLC)
02-SB07C-A 02-SBlOA-A 02-FB06-A (MUNIC.)
02-SB08A-A 02-FD04-A 02-FB07-A (HPLC)
02-SB08B-A 02-SB10B-A 02-FBO8-A (MUNIC.)
02-SB08C-A 01-SS01-A 02-RB07-A
02-FDO8-A 01-SS02-A 02-RB09-A
02-SB09A-A 01-2203-A

NUS Laboratories analyzed 17 soil samples (including three pairs
of field duplicates) and 6 asso-ciated aqueous quality control
samples taken from the Ellington Air Force base for Petroleum
Hydrocarbons. Data from these samples were evaluated under HAZWRAP
Level C QA/QC criteria.

Petroleum Hydrocagons

All analyses met quality control criteria. Twenty samples were
determined to be free of petroleum hydrocarbon contamination.
Three samples were found to contain the following concentrations:

02-SB10A-A 99 mg/kg
02-FDO4 * 99 mg/kg
01-SS02-A 220 mg/kg

* Field duplicate to 02-SBIOA-A

I
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- INTERNAL CCRRSSPCNOENCE

___ CORPORATION

C-49-4-0-87

TO: LINDA STEAKLEY DATE: APRIL 18, 1990

FROM: D. A. SCHEIB COPIES: AMY HUBBARD

SUBJECT: ORGANIC DATA VALIDATION - VOA/BNA/P&P
ELLINGTON AIR FORCE BASE
CASE NO. EAFBI, SDG EAFB3

SAMPLES:

soil

02FOB-5A-A 02-RB09-A 02-SB09C-1
02FBO6A-A 02-SB07A-A 02-TB05-A
02-FB07-A 02-SB07B-A 02-TB06-A
02-FB08-A 02-SBO7C-A 01-FDO5-A
02-FD03-A 02-SBO8A-A 01-SS01-AE
02-SBO8C-A 02-SBO8B-A 01-SS01-AW
02-FD04-A 02-SB09A-A 01-SS02-AC
02-SBIOA-A 02-SB09B-A
02-RB07-A 02-SBIOB-A

The twenty-five sampIes comprising this set consist of 17 soils
(including three field duplicate pairs) and 8 aqueous quality
control samples. All Target Compound List (TCL) analyses were
conducted by NUS Laboratories. Twenty-one samples were analyzed
for volatile compounds, fifteen for semivolatiles and four for
pesticides and PCBs. Included in this sample set are four field
blanks, two rinsate blanks and two trip blanks.

The data were reviewed with reference to the EPA "Functional
Guidelines for Organic Data Validation" and the Hazardous Waste
Remedial Action Program's. (HAZWRAP) "Requirements for Quality
Control of Analytical Data". The analyses were conducted under
HAZWRAP Level C QA/QC requirements and were validated according to
the following criteria:

- Holding times
- GC/MS tuning and mass calibration
- Laboratory and field blank analyses
- Initial and continuing calibration
- Internal standards performance
- Surrogate spike recovery
- Matrix Spike/Matrix Spike Duplicate results
- Field duplicate precision
- Detection limits

j



The data package was complete as submitted. GC/MS tuning and mass
calibration surrogate spike recoveries and internal standards
performance met contract required criteria. Data which did not
meet quality criteria are discussed below.

Volatile Fraction

The seven-day aromatic compound holding time allowance was exceeded
by four days for sample 02-FD04-A and by two days for sample 02-
SB09C-A. No qualifications were made as these occurrences have
negligible impact on soil matrix samples.

The following contaminants were detected in trip, field, rinsate
and laboratory method blank analyses in the maximum concentrations
indicated:

contaminant maximum concentration (mg/kg)

benzene 15
bromoform 22
bromodichloromethane 21
carbon disulfide 7
chlorobenzene 18
chloroform 51
dibromochloromethane 34
2-hexanone 17
4-methyl-2-pentanone 4
1,1,l-trichloroethane 38
vinyl acetate 23

common contaminant

acetone 41
2-butanone 18
methylene chloride 37
toluene 4

Action levels of ten times the maximum amount of common lab
contaminant and five times the maximum amount of other contaminants
detected were used to evaluate the data.

No qualifications were made for bromoform, bromodichloromethane,
carbon disulfide, chlorobenzene, dibromochloromethane, 2-hexanone,
1,1,1-trichloroethane, 4-methyl-2-pentanone and vinyl acetate as
no positive sample results were reported for these compounds.
Sample contaminant concentrations for the remaining affected
compounds which were above Contract Required Quantitation Limit
(CRQL) but within the action level are qualified "U", as
undetected. Affected sample contaminant concentrations below the
CRQL have been detected.

N
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The average Response Factor (RF) for the initial calibration of 2-
butanone was below the 0.050 quality control limit. No
qualifications were made as only field quality control samples were
affected (field quality control samples are not qualified for any
non-compliance).

Initial calibration Percent Relative Standard Deviations (%RSDs)
for chloroethane, acetone, carbon disulfide and total xylenes
exceeded 50%. Detection Limits (DLs) for these compounds in
affected samples were qualified as estimated "UJ". The 30% RSD
quality criteria was exceeded for total xylenes, chloroethane and
acetone, however, no qualifications were made as no positive sample
results were reported for these compounds.

Some continuing calibration Percent Differences (%Ds) for total
xylenes, acetone, 2-butanone and 2-hexanone exceeded 50%.
Detection limits for acetone, 2-butanone and 2-hexanone were not
qualified as the DLs for these compounds were previously raised
(via the use of a "U" qualifier) due to blank contamination. No
qualifications were made for total xylenes as only field quality
control samples were affected.

The -- 25 %D continuing calibration quality control criteria was
exceeded for the following compounds:

acetone chloromethane 4-methyl-2-pentanone
bromoform bromomethane 1,1,2,2-tetrachloroethane
2-hexanone tetrachloroethene total xylenes
2-butanone vinyl acetate carbon disulfide

No qualifications were made as no positive results were reported
for these compounds in affected samples.

The field duplicate Relative Percent Difference (RPD) for
ethylbenzene exceeded the 50% quality criteria for soils. The
positive result reported for ethylbenzene in sample 01-SBlOA-A is
estimated, "J". The detection limit for ethylbenzene in the field
duplicate sample 02-FD04-A is qualified as estimated, "UJ".

Maximum concentrations of 49 ug/kg l,l,2-trichloro-l,2,2-
trifluoroethane (Freon 113), 72 ug/kg 2-propanol and 44 ug/kg
hexamethylcyclotrisiloxane were detected in blanks analyzed with
this sample set. Several unknowns were also detected. No
qualifications were made as none of these TICs were detected in the
samples.

Semivolatile Fraction

Sample 02-SB09C-A was extracted one day beyond the holding time
allowance. The data for this sample was not qualified as the
impact of this occurrence is negligible for BNAs in soils.

NUS CORPORATION



The + 25 %D continuing calibration quality control criteria was
exceeded for the folloving compounds:

2-nitroani.line 2,4-dinitrophenol diethylphthalate
2,6-dinitrotoluene dibenzofuran 4-nitrophenol
2,4,5-trichlorophenol fluorene dimethylphthalate
hexachloroethane benzoic acid

bis (2-chloroethoxy)methane 4,6-dinitro-2-methylphenol

No qualifications were made as no positive results were reported
for these compounds in affected samples.

The Percent Recoveries (%Rs) for 2,4-dinitrotoluene, pyrene and
pentachlorophenol were less than 10% for the matrix spike (MS)
analysis of sample 01-SSOl-AC. MS recoveries for 1,4-
dichlorobenzene, N-nitroso-di-n-propylamine and 1,2,4-
trichlorobenzene fell beneath the + 25% acceptance limits. No
qualifications were made, however, as all recoveries for the matrix
spike duplicate (MSD) analysis of this sample met quality control
criteria. These occurrences and the associated non-compliant RPDS
are felt to be sample specific and do not affect the rest of the
data.

The %R for 2,4-dinitrotoluene exceeded the + 25% quality limit in
the MS analysis of sample 02-SB09C-A. No qualifications were made
is all MSD quality criteria were met.

Samples 02-SBlOA-A and 02-FD04-A constitute a field duplicate pair.
Results for naphthalene and 2-methylnaphthalene exceeded the 50%
RPD quality criteria for soils. No qualifications were made,
however, as the results for these two compounds are below the CRQL.

Samples 01-SS01-AE and 01-FD05-AE constitute a field duplicate
pair. Results for the following compounds exceeded the 50% RPD
quality criteria for soils:

naphthalene butylbenzylphthalate
dibenzofuran benzo(a)pyrene
acenaphthene benzo(k) fluoranthene
fluorene indeno(1,2,3,cd)pyrene
anthracene benzo(a)anthracene

Results for naphthalene and dibenzofuran were not qualified as both
reported concentrations are less than the CRQL. Positive results
in these two samples reported for the remaining compounds are
qualified as estimated, "J". The detection limits for
butylbenzylphthalate and indeno(l,2,3 cd)pyrene are qualified as
estimated, "IUJ".

Positive results for naphthalene, 2-methylnaphthalene, dibenzofuran
and phenanthrene are qualified as estimated, "J", as they are below
the CRQL.

N

NUS CORPORATION



No semivolatile TICS were detected in blanks analyzed with this

sample set.

Pesticide/PCB Fraction

The DBC surrogate Percent Recovery (%R) was below the 20 - 150%
advisory limits for sample 01-SS01-ACNT. No qualifications were
made as this occurrence is felt to be sample specific and also
because this sample was used for matrix spike/matrix spike
duplicate analyses which also yielded low surrogate recoveries.

MS recoveries for gamma-BHC and 4,4'-DDT and MS/MSD recoveries for
endrin were below the + 25% quality limit. 01-SS01-ACNT sample
results for endrin are qualified as estimated "UJ".

Positive results for 4,4'-DDE, 4,4'-DDD and 4,4'-DDT are qualified
as estimated, "J", as they are below the CRQL.

DAS: O-EAFB3

NUS CORPORATION
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INTERNAL CORRSPONDENCESNUS

CORPORATION

C-49-4-0-111

TO: LINDA STEAKLEY DATE: APRIL 18, 1990

FROM: DEE BCHEIBCO COPIES: FILE

SUBJECT: INORGANIC DATA VALIDATION -

METALS AND PETROLEUM HYDROCARBONS
ELLINGTON AIR FORCE BASE
CASE NO. EAFB1, SDG EAFB2

SAMPLES:

soil

01-SB05A-A 02-SB13A-A 02-RB05-A
01-SBO5B-A 02-SB13B-A
01-FD02-A 02-SB13C-A
01-FB03-A (HPLC) 02-SB14-A
FB04-A (MUNIC.) 02-SBI4B-A
RB06-A 02-SB14C-A

NUS Laboratories analyzed 3 soil samples (including one pair of
field duplicates) and 3 associated aqueous quality control samples
for Target Analyte List (TAL) metals and Petroleum Hydrocarbons.
Seven additional samples were analyzed for Petroleum Hydrocarbons
only. Data from these samples were analyzed and evaluated under
the following HAZWRAP Level C QA/QC criteria:

- Holding times
* - Initial and continuing calibration
* - Laboratory and field blank analyses

- Laboratory Control Sample analyses
- Interference Check Sample analyses
- Serial dilutions

* - Matrix and analytical spike results

- Laboratory and field duplicates

- Detection limits

* Indicates that quality control criteria were not met for this
parameter.

.....-4m m m 1 m m m -



LINDA STEAKLEY
C-49-4-9-111
APRIL 18, 1990 - PAGE 2

TAL Metals

The 0.1 Percent Recovery (%R) for the continuing calibration of
magnesium was far below the + 10% quality control limits. Positive
results reported for magnesium are qualified as unreliable, "R".

Following are maximum concentrations of analytes found in
laboratory and field quality control blanks:

analyte maximum concentration (mg/kg)

aluminum 14.2
arsenic 0.23
beryllium 2.6
calcium 71.1
lead 0.33
selenium 2.2
sodium 96.3
zinc 4.3

Positive sample results less than five times the highest blank
concentration are qualified "U", as undetected.

The 136 %R for zinc in the ICP CRDL Standard analysis exceeded the
+ 20% advised limit. No qualifications were made as all results
for this analyte have been previously qualified "U" due to blank
contamination.

The 43 %R for antimony was below the + 25% quality limit for matrix
spike analyses. Detection limits for antimony are qualified as
estimated, "UJ".

Petroleum Hydrocarbons

Petroleum hydrocarbons were detected in two samples, however, 23
mg/kg was detected in the associated rinsate blank. The petroleum
hydrocarbon result for sample 02-SB13B-A is qualified "U",
undetected. The result for sample 02-SB13A-A is not qualified as
it is above the 115 mg/kg action-level based on blank
contamination.



DATA SUMMARY

TABLE A



z

ca -I-

U&

&.~ 4,

Ch)

Igo-

- 0;

zi
4c

oo IN0 A0 t

f- \3I, x

0.5 0 -c

E N j



c* n

I I I I i I I I I I I II I I

It-

l ilhII l i llIi Il

, j I I Hit Ht

TVITV ill 2 il
-:

- i 2

'b
I 'm ,, I I •CIll .IIIIB.B i i



11111)1 - IiII 11

fp..

ti

0 U.

E =

-J3



I !l~ -i.ili
-- , -i I-- I

0.-. - i- . -~il l l l l ! l

..1I I I I I t I
0

I ' I I i l I I I i

I T!I I] VI I I II VI T

I'.

I . . el id .

. .=



-- I\ILJ5 INTERNAL CORRESPONDENCE

-ECORPORATION

C-49-0-3-

TO: LINDA BTEAKLEY DATE: APRIL 18, 1990

FROM: D. A. SCEBO CC: FILE

SUBJECT: INORQMIIC DATA VALIDATION -PETROLEUM HYDROCARBONS
ELLINGTON AIR FORCE BASE
CASE NO. EAFB1, BDG EAFB.

SAMPLES:

O1-SBO1A-A Ql-SBO4B-A 02-SBl2B-A
Ol-SBO1B-A Ol-SBllA-A 02-SBl2C-A
O1-SBO2A-A Ol-SBllB-A 01-FBOl-A
Ol-SBOJA-A 02-SB1lC-A 01-FB02-A
O1-SBO3B-A 02-FDOl-A 01-RB01-A
O1-SBO4A-A 02-SBl2A-A 01-RB03-A

NUS Laboratories analyzed 16 water samples (including one pair of
f ield duplicates) and two associated aqueous quality control
samples for Petroleum Hydrocarbons. Data from these samples were
evaluated under HAZWRAP Level C QA/OC criteria.

Petroleum Hydrocarbons

All analyses met quality control criteria. No petroleum

hydrocarbons were detected.

DAS: PHCEAFBl
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% LSINTERNAL C

CORPORATION

C-49-0-3-138

TO: LINDA STEAKLEY DATE: MARCH 26, 1990

FROM: THOMAS JACKMAN CC: AMY HUBBARD

SUBJECT: INORGANIC DATA VALIDATION-METALS
ELLINGTON AIR FORCE BASE
CASE NO. EAFB1
SDG NO. EAFBl

SAMPLE NOB.
SOIL - 01-BB04A-A 01-SB03A-A

01-BB04B-A 01-SB03B-A
01-SB01A-A 01-BB02-A
01-SB01B-A

BLANKS - 01-RBO1-A 01-FBO1-A
01-RB03-A 01-FB02-A

NUS Laboratories analyzed 7 soil samples plus 2 rinsate blanks and
2 field blanks from Ellington Air Force Base for TAL Metals, pH and
Percent Moisture under the following HAZWRAP Level C QA/QC
criteria:

- Holding Times
- Interference Check Samples

o - Matrix and Analytical Spike Results
o - Laboratory and Fieldd Blank Analyses

- Initial and Continuing Calibration
- Laboratory and Field Duplicates
- Laboratory Check Samples
- Serial Dilutions
- Detection Limits

o Indicates that quality control criteria were not met for this
parameter.

TAL MEALSBlanks
Aluminum, calcium, iron, magnesium, sodium, lead, zinc and chromium
were found in laboratory, rinsate and field blanks. Positive
results less than 5 times the highest blank concentrations are
qualified as "U", undetected.

Matrix Spikes
Matrix spike recoveries for antimony were below the 75% quality
control limit. Therefore, positive results are qualified "J",
biased low, and detection limits are qualified "UJ", biased low.



C-49-0-3-138
Linda Steakley
Page 2

TABLE 1
SUMMARY OF QUALIFIERS AFTER DATA VALIDATION

ELLINGTON AIR FORCE BASE, CASE EAFB1, SDG EAFB1

Analyte Soil Sample No. Positive Undetected Bias Comment

Antimony 01-SB01B-A, 01-SB02-A UJ Low 1

Calcium 01-SB04A-A, 01-SB04B-A U High 2
01-SB03B-A, 01-SB02-A

Chromium 01-SB04A-A, 01-SB04B-A U High 2
01-SB01B-A, 01-SB03A-A
01-SB03B-A, 01-SB02-A

01-SB01A-A J High 1

Magnesium 01-SB02-A U High 1

Sodium ALL U High 2

Zinc 01-SB04B-A, 01-SB01B-A U High 2
01-SB03B-A, 01-SB02-A

01-SB04A-A, 01-SB01A-A J 4
O1-SB03A-A

1. Low matrix spike recovery.
2. Laboratory, rinsate and/or field blank contamination.
3. Relative percent difference (RPDs) for laboratory duplicates

exceeded the 35% quality control limit for soils.
4. Absolute difference for laboratory duplicate exceeds 2 times

the CRDL quality control limit for soils.
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-NUS
___ CORPORATION

TO: LINDA STEARLEY C-49-0-3-137

FROM: THOMAS JACKMAN DATE: MARCH 26, 1990

CC: AMY HUBBARD
SUBJECT: INORGANIC DATA VALIDATION-METALS

ELLINGTON AIR FORCE BASE
CASE NO. EAFB.
SDG EAFB3

SAMPLE NOB.
BOIL - 01-BB01-AW 01-2201-AE

01-B01-AC 01-FDOS-AE

NUS Laboratories analyzed 4 soil samples including 1 pair of field
duplicates from Ellington Air Force Base for TAL Metals, Petroleum
Hydrocarbons, pH and Percent Moisture under the following HAZWRAP
Level C QA/QC criteria:

- Holding Times
- Interference Check Samples

o - Matrix and Analytical Spike Results
o - Laboratory and Field Blank Analyses

- Initial and Continuing Calibration
o - Laboratory and Field Duplicates

- Laboratory Check Samples
- Serial Dilutions
- Detection Limits

o Indicates that quality control criteria were not met for this
parameter.

TAL METALS

Antimony, beryllium, cadmium, cobalt, copper, vanadium, zinc, and
nickel were found in laboratory blanks. Positive results less than
5 times the highest blank concentrations are qualified as "U",
undetected.

Matrix Spikes
Matrix spike recoveries for antimony and zinc were below the 30%
quality control limit. Therefore, positive results are qualified
"J", biased low and detection limits are qualified "R", unreliable.

Matrix spike recoveries for manganese and copper were below the 75%
quality control limit. Therefore, positive results are qualified
"J", biased low.
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Matrix spike recoveries for arsenic exceeded the 125% quality
control limit. Therefore, positive results are qualified "J",
biased high.

Laboratory duplicates
The relative percent differences (RPDs) of laboratory duplicates
for aluminum, barium and iron exceeded the 35% quality control
limit for soil samples. Therefore, positive results not previously
qualified because of blank contamination are qualified "J",
estimated.

Field Duplicates
The RPDs of field duplicates for arsenic and calcium exceeded the
50% quality control limit for soil samples. Therefore, positive
results for the duplicate pairs are qualified "J", estimated.

/bpk



C-49-0-3-137
Linda Steakley
Page 3

TABLE 1

SUMMARY OF QUALIFIERS AFTER DATA VALIDATION
ELLINGTON AIR FORCE BASE
CASE NO. EAFB1, SDG EAFB3

Analvte Soil Sample No. Positive Undetected Bias Comment

Aluminum ALL J 2 (54.3)

Antimony 01-SSO1-AC R Low 1 (25.4)

Arsenic ALL J 5
01-SS01-AC J High 3 (125.1)
01-SS01-AE,O1-FDO5-AE J 4 (182.1)

Barium ALL J 2 (97.8)

Beryllium ALL U High 6

Cadmium ALL U High 6

Calcium 01-SS01-AE,01-FD05-AE J 4 (169.2)

Cobalt ALL U High 6

Copper ALL U High 6
01-SSO1-AC J 1 (30.2)

Iron 01-SS01-AC J 2 (47.0)

Manganese 01-SS01-AC J Low 1 (64.8)

Nickel ALL U High 6

Vanadium ALL U High 6

Zinc 01-SS01-AC J Low 1 (6.7)
01-SS01-AE,01-FD05-AE U High 6

Comments:
1. Low matrix spike recoveries.
2. RPDs for laboratory duplicates exceeded 35% quality control

limit for soils.
3. High matrix spike recoveries.
4. RPDs for field duplicates exceeded the 50% quality control

limit for soils.
5. Laboratory blank contamination.
6. Field duplicate pair results were less than 5 times the CRDL

for soils.

I
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TOXICITY PROFILES

ACETONE (Clement Associates, Inc., 1985)

Health Effects

Acetone has not been tested in a carcinogenicity bioassay but gave negative results
in skin painting tests and was not mutagenic in the Ames assay. No studies on
animals for teratogenicity or reproductive toxicity have been done, but acetone was
negative in a chicken egg injection study for teratogenicity.

Acetone is generally regarded as having a low toxicity and therefore has not been
extensively studied. Prolonged inhalation of high concentrations may produce
irritation of the respiratory tract, coughing, headache, drowsiness, incoordination,
and in severe cases, coma.

In animal studies, rats consuming doses of 18 mg/kg/day for 4 months showed
reduced food consumption and growth. In behavioral studies, rats exposed to
14,200 mg/m 3 acetone for 4 hours/day, 5 days/week for 2 weeks showed modified
avoidance and escape behavior after one exposure, but no changes after subsequent
exposures. At 37,800 mg/m 3, altered responses were noted throughout the 2-week
exposure period. No chronic health hazards have been associated with exposure to
acetone.

Toxicity to Wildlife and Domestic Animals

The toxicity of acetone to aquatic organisms is low. The LC50 value for sunfish was
reported to be 14.2 g/liter, and the threshold concentration for immobilization of

9 Daphnia magna was reported to be over 9 g/liter.

4 No information on the toxicity of acetone to terrestrial wildlife or domestic animals
was available.
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ARSENIC (Clement Associates, Inc., 1985)

Health Effects

Arsenic has been implicated in the production of skin cancer in humans. There is also

extensive evidence that inhalation of arsenic compounds causes lung cancer in

workers. Arsenic compounds cause chromosome damage in animals, and humans

exposed to arsenic compounds have been reported to have an elevated incidence of

chromosome aberrations. Arsenic compounds have been reported to be

teratogenic, fetotoxic, and embryotoxic in several animal species, and an increased

incidence of multiple malformations among children born to women occupationally

exposed to arsenic has been reported. Arsenic compounds also cause noncancerous,

possibly precancerous, skin changes in exposed individuals. Several cases of

progressive polyneuropathy involving motor and sensory nerves and particularly

affecting the extremities and myelinated long-axon neurons have been reported in

individuals occupationally exposed to inorganic arsenic. Polyneuropathies have also

been reported after the ingestion of arsenic-contaminated foods.

Toxicity to Wildlife and Domestic Animals

Various inorganic forms of arsenic appear to have similar levels of toxicity; they all

seem to be much more toxic than organic forms. Acute toxicity to adult freshwater

animals occurs at levels of arsenic trioxide as low as 812 pg/liter and at levels as low

as 40 pig/liter in early life stages of aquatic organisms. Acute toxicity to saltwater fish

occurs at levels around 15 mg/liter, while some invertebrates are affected at much

lower levels (508 vg/liter). Arsenic toxicity does not appear to increase greatly with

chronic exposure, and it does not seem that arsenic is bioconcentrated to a great

degree.

Arsenic poisoning is a rare but not uncommon toxic syndrome among domestic

animals. Arsenic causes hyperemia and edema of the gastrointestinal tract,

hemorrhage of the cardiac serosal surfaces and peritoneum, and pulmonary

congestion and edema; and it may cause liver necrosis. Arsenic toxicity to terrestrial

wildlife was not reported in the literature reviewed.
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BENZENE (Clement Associates, Inc., 1985)

Health Effects

Benzene is a recognized human carcinogen. Several epidemiological studies
provided sufficient evidence of a causal relationship between benzene exposure and
leukemia in humans. Beozene is a known inducer of aplastic anemia in humans,
with a latent period of up to 10 years. It produces leukopenia and
thrombocytopenia, which may progress to ancytopenia. Similar adverse effects on
the blood-cell-producing system occur in animals exposed to benzene. In both
humans and animals, benzene exposure is associated with chromosomal damage,
although it is not mutagenic in microorganisms. Benzene was fetotoxic and caused
embryo lethality in experimental animals.

Exposure to very high concentrations of benzene [about 20,000 ppm (66,000 mg/m 3)
in air] can be fatal within minutes. The prominent signs are central nervous system
depression and convulsions, with death usually following as a consequence of
cardiovascular collapse. Milder exposure can produce vertigo, drowsiness,
headache, nausea, and eventually unconsciousness if exposure continues. Deaths
from cardiac sensitization and cardiac arrhythmias have also been reported after
exposure to unknown concentrations. Although most benzene hazards are
associated with inhalation exposure, dermal absorption of liquid benzene may
occur, and prolonged or repeated skin contact may produce blistering, erythema,
and a dry, scaly dermatitis.

Toxicity to Wildlife and Domestic Animals

The ECs 0 values for benzene in a variety of invertebrate and vertebrate freshwater
aquatic species range from 5,300 ug/liter to 386,000 p~g/liter. However, only values
for the rainbow trout (5,300 ig/liter) were obtained from a flow-through test and
were based on measured concentrations. Results based on unmeasured
concentrations in static tests are likely to underestimate toxicity for relatively volatile
compounds like benzene. A chronic test with Daphnia magna was incomplete, with
no adverse effects observed at test concentrations as high as 98,000 Ug/liter.

For saltwater species, acute values for one fish and five invertebrate species range
from 10,900 jig/liter to 924,000 jig/liter. Freshwater and saltwater plant species that
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have been studied exhibit toxic effects at benzene concentrations ranging from
20,000 ug/liter to 525,000 jig/liter.

2-BUTANONE (METHYL ETHYL KETONE [MEK]) (Clement Associates, Inc., 1985)

Health Effects

MEK has not been adequately tested for carcinogenicity and has produced only
equivocal evidence of mutagenicity in a few bacterial assays. MEK has been
reported to cause retarded fetal development and some teratogenic effects
(acaudia, imperforate anus, and brachygnathia) at air concentrations of
9,000 mg/m 3. MEK is of relatively low toxicity but at high doses it affects the nervous
system and causes irritation of the eyes, nose, and skin. The oral LD50 value for the
rat was 2,750 mg/kg.

Although MEK is not strongly neurotoxic alone, it apparently strongly potentiates
the neurotoxicity of n-h .xane, and n-hexanone (methyl n-isobutyl ketone).

Toxicity to Wildlife and Domestic Animals

Only limited information was available on the toxicity of MEK to wildlife. LC50

concentrations for two freshwater fishes were around 5,600 pg/liter. MEK was toxic
to brine shrimp at LC50 le' els of 1,950 mg/liter.

No information on the toxicity of MEK to terrestrial wildlife or domestic animals was

available.

BUTYLBENZYLPHTHALATE (BBP) (USEPA, September 1. 1989)

Health Effects

Butylbenzylphthalate (BBP) is reported to cause reductions in body weight and
increases in liver weight in rats fed 1,000 to 1,400 mg/kg/day. Significant reductions
in bone marrow cell count were also observed in rats fed 1,400 mg/kg/day. BBP is a
Class C carcinogen, based on increases in mononuclear cell leukemia in female rats,
however the response in male rats was inconclusive and there was no such response

reported in mice.
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Toxicity to Wildlife and Domestic Animals

No information on the toxicity of BBP to terrestrial wildlife or domestic animals was
available.

CHLOROBENZENE (Clement Associates, Inc., 1985)

Health Effects

A study of the carcinogenicity of chlorobenzene was recently completed by the
National Toxicology Program and preliminary results show that chlorobenzene
caused neoplastic nodules in the liver of male rats but was not carcinogenic in

female rats or in mice.

Occupational studies suggest that chronic exposure to monochlorobenzene vapor
may cause blood dyscrasia, hyperlipidemia, and cardiac dysfunction in humans. Like
many organic solvents, monochlorobenzene is a central nervous system depressant
in overexposed humans, but no chronic neurotoxic effects have been reported.
Animals exposed to chlorobenzene have exhibited liver and kidney damage and
atrophy of the seminiferous tubules in the testes. The oral LD5 0 value for rats was

2,910 mg/kg.

Toxicity to Wildlife and Domestic Animals

Chlorobenzene was acutely toxic to fish at levels greater than 25 mg/liter and to
aquatic invertebrates at levels greater than 10 mg/liter. No chronic studies on the
toxicity of chlorobenzene to aquatic life were found in the literature reviewed.
Monochlorobenzene was shown to have a bioaccumulation factor of about 1,000 in
freshwater species. No studies on terrestrial wildlife or domestic animals were
reported in the literature reviewed.
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4,4'-DDT (Clement Associates, Inc. ,1985)

Health Effects

DDT, DDE, and DDD have been shown to be carcinogenic to mice, primarily causing
liver tumors, but also causing lung tumors and lymphomas. DDT does not appear to
be mutagenic, but it has caused chromosomal damage. There is no evidence that
DDT is a teratogen; but it a reproductive toxin, causing reduced fertility, reduced
growth of offspring, and fetal mortality.

Chronic exposure to DDT causes a number of adverse effects, especially to the liver
and central nervous system (CNS). DDT induces various microsomal enzymes and
therefore probably affects the metabolism of steroid hormores and exogenous
chemicals. Other effects on the liver include hypertrophy of the parenchymal cells
and increased fat deposition. in the CNS, exposure to DDT causes behavioral effects
such as decreased aggression and decreased conditional reflexes. Acute exposure to
large doses or chronic exposure to lower doses causes seizures. The oral LD50 is
between 113 and 450 mg/kg for the rat and is generally higher for other animals.

DDT, DDD, and DDE are bioconcentrated and stored in the adipose tissues of most
animals.

Toxicity to Wildlife and Domestic Animals

DDT has been extensively studied in freshwater invertebrates and fishes and is quite
toxic to most species. The range of toxicities was 0.18 to 1,800 jg/liter and the
freshwater final acute value for DDT and its isomers was determined by EPA to be

1.1 ipg/liter. Saltwater species were somewhat more sensitive to DDT; the saltwater
final acute value for the DDT isomers was 0.13 4g/liter. Only one chronic toxicity test
on aquatic species was reported. This test indicated that the acute-chronic ratio for
DDT might be high (65 in the reported study), but the data were insufficient to allow
calculation of a final acute-chronic ratio. DDT, DDD, and DDE are bioconcentrated

by a factor of 103 to 105.

DDT, DDD, DDE and the other persistent organochlorine pesticides are primarily
responsible for the great decrease in the reproductive capabilities and consequently
in the populations of fish-eating birds, such as the bald eagle, brown pelican, and
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osprey. DDT has also been shown to decrease the populations of numerous other
species of waterbirds, raptors, and passerines significantly.

ETHYLBENZENE (Clement Associates, Inc., 1985)

Health Effects

Ethylbenzene has been selected by the National Toxicology Program to be tested for
possible carcinogenicity, although negative results were obtained in mutagenicity
assays in Salmonella typhimurium and Saccharomyces cerevisiae. There is recent
animal evidence that ethylbenzene causes adverse reproductive effects.
Ethylbenzene is a skin irritant, and its vapor is irritating to the eyes at a
concentration of 200ppm (870mg/m 3) and above. When experimental animals
were exposed to ethylbenzene by inhalation, 7 hours/day for 6 months, adverse
effects were produced at concentrations of 600 ppm (2,610 mg/m 3) and above, but
not at 400 ppm (1,740 mg/m 3). At 600 ppm, rats and guinea pigs showed slight
changes in liver weight, and monkeys and rabbits experienced histopathologic
changes in the testes. Similar effects on the liver and kidney were observed in rats
fed ethylbenzene at 4-8 and 680 mg/kg/day for 6 months.

Toxicity to Wildlife and Domestic Animals

Ethylbenzene was accurately toxic to freshwater species at levels greater than
32 mg/liter. No chronic toxicity was reported, but the highest test dose (440 jig/liter)
was only one-hundredth of the 96-hour LC50 for the particular species being tested.
No studies on the bioaccumulation of ethylbenzene were reported in the
information reviewed, but a bioconcentration factor of 95 was calculated using the
log octanol/water partition coefficient. No information on the toxicity of
ethylbenzene to domestic animals and terrestrial wildlife was found in the sources
reviewed.

LEAD (Clement Associates, Inc., 1985)

Health Effects

There is evidence that several lead salts are carcinogenic in mice or rats, causing

tumors of the kidneys after either oral or parenteral administration. Data

R-48-05-0-016H E-7



concerning the carcinogenicity of lead in humans are inconclusive. The available

data are not sufficient to evaluate the carcinogenicity of organic lead compounds or

metallic lead. There is equivocal evidence that exposure to lead causes genotoxicity

in humans and animals. The available evidence indicates that lead presents a hazard

to reproduction and exerts a toxic effect on conception, pregnancy, and the fetus in

humans and experimental animals.

Many lead compounds are sufficiently soluble in body fluids to be toxic. Exposure of

humans or experimental animals to lead can result in toxic effects in the brain and

central nervous system, the peripheral nervous system, the kidneys, and the

hematopoietic system. Chronic exposure to inorganic lead by ingestion or inhalation

can cause lead encephalopathy, and severe cases can result in permanent brain

damage. Lead poisoning may cause peripheral neuropathy in adults and children,

and permanent learning disabilities that are clinically undetectable in children may

be caused by exposure to relatively low levels. Short-term exposure to lead can

cause reversible kidney damage, but prolonged exposure at high concentrations

may result in progressive kidney damage and possibly kidney failure. Anemia, due

to inhibition of hemoglobin synthesis and a reduction in the life span of circulating

red blood cells, is an early manifestation of lead poisoning. Several studies with

experimental animals suggest that lead may interfere with various aspects of the

immune response.

Toxicity to Wildlife and Domestic Animals

Freshwater vertebrates and invertebrates are more sensitive to lead in soft water

than in hard water. At a hardness of about 50 mg/liter CaCO 3, the median effect

concentrations for nine families range from 140 mg/liter to 236,600 mg/liter.

Chronic values for Daphnia magna and the rainbow trout are 12.26 and

83.08 mg/liter, respectively, at a hardness of about 50 mg/liter. Acute-chronic ratios

calculated for three freshwater species ranged from 18 to 62. Bioconcentration

factors, ranging from 42 for young brook trout to 1,700 for a snail, were reported.

Freshwater algae show an inhibition of growth at concentrations about 500 mg/liter.

Acute values for twelve saltwater species range from 476 mg/liter for the common

mussel to 27,000 mg/liter for the softshell clam. Chronic exposure to lead causes

adverse effects in mysid shrimp at 37 mg/liter, but not at 17 mg/liter. The acute-

chronic ratio for this species is 118. Reported bioconcentration factors range from
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17.5 for the quahog clam to 2,570 for the blue mussel. Saltwater algae are adversely
affected at concentrations as !ow as 15.8 mg/liter.

Although lead is known to occur in the tissue of many free-living wild animals,

including birds, mammals, fishes, and invertebrates, reports of poisoning usually
involve waterfowl. There is evidence that lead, at concentrations occasionally found

near roadsides and smelters, can eliminate or reduce populations of bacteria and

fungi on leaf surfaces and in soil. Many of these microorganisms play key roles in the

decomposer food chain.

Cases of lead poisoning have been reported for a variety of domestic animals,

including cattle, horses, dogs, and cats. Several types of anthropogenic sources are

cited as the source of lead in these reports. Because of their curiosity and their

indiscriminate eating habits, cattle experience the greatest incidence of lead toxicity

among domestic animals.

MERCURY (Clement Associates, Inc., 1985)

Health Effects

When administered by intraperitoneal injection, metallic mercury produces

implantation site sarcomas in rats. No other studies were found connecting mercury

exposure with carcinogenic effects in animals or humans. Several mercury

compounds exhibit a variety of genotoxic effects in eukaryotes. In general, organic

mercury compounds are more toxic than inorganic compounds. Although brain

damage due to prenatal exposure to methylmercury has occurred in human

populations, no conclusive evidence is available to suggest that mercury causes

anatomical defects in humans. Embryotoxicity and teratogenicity of methylmercury

has been reported for a variety of experimental animals. Mercuric chloride is

reported to be teratogenic in experimental animals. No conclusive results

concerning the teratogenic effects of mercury vapor are available.

In humans, alkyl mercury compounds pass through the blood brain barrier and the

placenta very rapidly, in contrast to inorganic mercury compounds. Major target

organs are the central and peripheral nervous systems, and the kidney.

Methylmercury is particularly hazardous because of the difficulty of eliminating it

from the body. In experimental animals, organic mercury compounds can produce
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toxic effects in the gastrointestinal tract, pancreas, liver, heart, and gonads, with
involvement of the endocrine, immunocompetent, and central nervous systems.

Elemental mercury is not highly toxic as an acute poison. However, inhalation of
high concentrations of mercury vapor can cause pneumonitis, bronchitis, chest pains,
dyspnea, coughing, stomatitis, gingivitis, salivation, and diarrhea. Soluble mercuric
salts are highly poisonous on ingestion, with oral LDS0 values of 20 to 60 mg/kg
reported. Mercurous compounds are less toxic when administered orally. Acute
exposure to mercury compounds at high concentrations causes a variety of
gastrointentinal symptoms and severe anuria with uremia. Signs and symptoms
associated with chronic exposure involve the central nervous system and include
behavioral and neurological disturbances.

Toxicity to Wildlife and Domestic Animals

The toxicity of mercury compounds has been tested in a wide variety of aquatic
organisms. Although methylmercury appears to be more toxic than inorganic
mercuric salts, few acute or chronic toxicity tests have been conducted with it.
Among freshwater species, the 96-hour LC50 values for inorganic mercuric salts
range from 0.02 jig/liter for crayfish to 2,000 Wg/liter for caddisfly larvae. Acute
values for methylmercuric compounds and other mercury compounds are only
available for fishes. In rainbow trout, methylmercuric chloride is about ten times
more toxic to rainbow trout than mercuric chloride, which is acutely toxic at about
300 ujg/liter at 100C. Methylmercury is the most chronically toxic of the tested
compounds, with chronic values for Daphnia magna and brook trout of 1.00 and
0.52 ug/liter. respectively. The acute-chronic ratio for Daphnia magna is 3.2.

Mean acute values for saltwater species range from 3.5 to 1,680 Ug/liter. In general,
molluscs and crustaceans are more sensitive than fish to the acute toxic effects of
mercury. A life-cycle experiment with the mysid shrimp showed that inorganic
mercury at a concentration of 1.6 jig/liter significantly influences time of appearance
of first brood, time of first spawn, and productivity. The acute-chronic ratio for the
mysid shrimp is 2.9.

Chronic dietary exposure of chickens to mercuric chloride at growth inhibitory levels
causes immune suppression, with a differential reduction effect on specific
immunoglobulins.
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METHYLENE CHLORIDE (Clement Associates, Inc., 1985)

Health Effects

Methylene chloride is currently under review by the National Toxicology Program.

Preliminary results indicate that it produced an increased incidence of lung and liver

tumors in mice and mammary tumors in females and male rats. In a chronic

inhalation study, male rats exhibited an increased incidence of sarcomas in the

ventral neck region. However, the authors suggested that the relevance and

toxicological significance of this finding were uncertain in light of available toxicity

data. Methylene chloride is reported to be mutagenic in bacterial test systems. It

also has produced positive results in the Fischer rat embryo cell-transformation tests.

However, it has been suggested that the observed cell-transforming capability may

have been due to impurities in the test material. There is no conclusive evidence that

methylene chloride can produce teratogenic effects.

In humans, direct contact with methylene chloride produces eye, respiratory

passage, and skin irritation. Mild poisonings due to inhalation exposure produce

somnolence, lassitude, numbness and tingling of the limbs, anorexia, and

lightheadedness, followed by rapid and complete recovery. More severe poisonings

generally involve correspondingly greater disturbances of the central and peripheral

nervous systems. Methylene chloride also has acute toxic effects on the heart,

including the induction of arrhythmia. Fatalities reportedly due to methylene

chloride exposure have been attributed to cardiac injury and heart failure.

Methylene chloride is metabolized to carbon monoxide in vivo, and levels of

carboxyhemoglobin the blood are elevated after acute exposure. In experimental

animals, methylene chloride is reported to cause kidney and liver damage,

convulsions, and distal paresis. An oral LD5 0 value of 2,136 mg/kg, and an inhalation

4 LC50 value cf 88,000 mg/m 3/30 minutes are reported for the rat.

4 Toxicity to Wildlife and Domestic Animals

Very little information concerning the toxicity of methylene chloride to domestic

q animals and wildlife exists. Acute values for the freshwater species Daphnia magna,

the fathead minnow, and the bluegill are 224,000, 193,000 and 224,000 Ujg/liter,

respectively. Acute values for the saltwater species, mysid shrimp and sheepshead
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minnow, are 256,000 and 331,000 Uig/liter, respectively. No data concerning chronic

toxicity are available. The 96-hour EC50 values for both freshwater and saltwater

algae are greater than the highest test concentration, 662,000 1jg/liter.

NAPHTHALENE (Clements Associates, Inc., 1985)

Health Effects

There are no epidemiological or case studies available suggesting that naphthalene

is carcinogenic in humans. This compound is not generally considered to be
carcinogenic in experimental animals. However, there is equivocal evidence
suggesting weak carcinogenic activity in rats after subcutaneous injection.

Naphthalene is reported to produce DNA damage in mice after intraperitoneal
injection. Retarded cranial ossification and heart development are reported among
offspring of rits injected intraperitoneally with naphthalene on days 1 to 15 of

gestation.

Little information concerning acute and chronic toxic effects is available. Inhalation

exposure to naphthalene may cause headache, loss of appetite, nausea, and kidney
damage in humans and experimental animals. Acute hemolytic effects are
reportedly caused by ingestion or inhalation or relatively large quantities of
naphthalene. Optical neuritis, injuries to the cornea, and opacities of the lens also
may result after inhalation exposure or ingestion. Naphthalene is a mild eye irritant
in rabbits, and cataracts can be induced after oral administration. Application to the
skin produces erythema and slight edema in rabbits. Somnolence and changes in

motor activity are observed after ingestion of naphthalene by rats and mice. Oral
LD50 values of 1,250 mg/kg and 580 mg/kg are reported for the rat and the mouse,

respectively.

Toxicity to Wildlife and Domestic Animals

The median effect concentrations for freshwater invertebrate species and three fish

species are all reported to be greater than 2,300 wg/liter. Acute values reported for

saltwater polychaete, oyster, and shrimp species are all greater than 2,350 iig/liter. A
chronic value of 620 mg/liter and an acute-chronic ratio of 11 is reported for the
fathead minnow, a freshwater species. No chronic values are available for saltwater

species. Freshwater algae appear to be less sensitive to the effects of naphthalene
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than animal species. No information concerning saltwater plant species is available.
The weighted average bioconcentration factors for the edible portion of all
freshwater and estuarine aquatic organisms consumed by Americans is 10.5.

POLYNUCLEAR AROMATIC HYDROCARBONS (PAHs) (ATSDR, October 1989)

Health Effects

Much of the epidemiological work done on PAHs has centered on persons exposed
to coke oven emissions. However, no studies were located regarding cancer in
humans after either inhalational or oral exposure to PAHs. Reports of skin tumors in
some individuals exposed to PAH mixtures lends support to their potential for
carcinogenicity in humans. Animal inhalation studies with benzo(a)pyrene have
reported respiratory tract tumors, and other studies have demonstrated the ability,
of several PAHs to induce skin tumors. Minor hepatic effects have been observed in
animals following oral exposure, and kidney microsomal carboxvlesterase activity
was moderately induced in rats at doses of 50 to 150 mg/kg for 4 days. The major
target organs in animals appears to be the hematopoietic and lymphoid systems.

Toxicity to Wildlife and Domestic Animals

No information on the toxicity of PAHs to terrestrial wildlife or domestic animals was
available.

STYRENE (EPA, September 30, 1985)

Health Effects

Most long-term bioassays reported excessive mortality in test animals and equivocal
results for tumor formation. There are inadequate data to indicate that styrene is a
human carcinogen (Class C); however, an increased incidence of lymphatic and
hematopoietic tissue tumors have been observed. The acute toxicity of styrene is
low; an acute oral LD50 of 5,000 mg/kg was reported for rats. Styrene was found to
be fatal in rats at doses of 8,000 mg/kg. At levels of 400 to 667 mg/kg/day,
5 days/week for 6 months, decreased growth rates and increased liver and kidney
weights were observed.
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Toxicity to Wildlife and Domestic Animals

Dogs fed 400 to 600 mg/kg/day for 560 days showed minimal histopathologic effects

on the liver and hematologic effects. No information on the toxicity of styrene to

aquatic life orto wildlife were available.

XYLENES (Clement Associates, Inc., 1985)

Health Effects

The National Toxicology Program (NTP) tested xylene for carcinogenicity by

administering it orally to rats and mice. Xylene does not appear to be carcinogenic

in rats. Results have not been reported for mice. Xylene was not found to be

mutagenic or teratogenic in a battery of short-term assays, but has caused

fetotoxicity in rats and mice. Acute exposure to rather high levels of xylene affects

the central nervous system and irritates the mucous membranes. There is limited

evidence of effects on other organ systems, but it was not possible to attribute these

effects solely to xylene as other solvents were present. The oral LDSO value of xylene

in rats is 5,000 mg/kg.

Toxicity to Wildlife and Domestic Animals

Xylene adversely affected adult trout at concentrations as low as 3.6 mg/liter in a

continuous flow system and trout fry avoided xylene at concentrations greater than

0.1 mg/liter. The LC50 value in adult trout was determined to be 13.5 mg/liter. LC50

values for other freshwater fish were around 30 mg/liter in a static system, which

probably underestimated toxicity. Only a few studies have been done on the toxicity

of xylene to saltwater species. These indicated that the m- and o-xylene isomers

probably have similar toxicities and are probably less toxic than p-xylene, and that

saltwater species are generally more susceptible than freshwater species to the

detrimental effects of xylene (LC50 = 10 mg/liter for m-and o-xylene and LCs 0 =

2 mg/liter for p-xylene). However, it should be stressed that these generalizations

are based on limited data.

No information on the toxicity of xylenes to terrestrial wildlife and domestic animals

was available. However, because of the low acute toxicity of xylenes it is unlikely

that they would be toxic to wild of domestic birds or animals.

R-48-05-0-016H E- 14



ZINC (Clement Associates, Inc., 1985)

Health Effects

Testicular tumors have been produced in rats and chickens when zinc salts are
injected intratesticularly, but not when other routes of administration are used. Zinc
may be indirectly important with regard to cancer since its presence seems to be
necessary for the growth of tumors. Laboratory studies suggest that although zinc-
deficient animals may be more susceptible to chemical induction of cancer, tumor
growth is slower in these animals. There is no evidence that zinc deficiency has any
etiological role in human cancer. There are no data available to suggest that zinc is
mutagenic or teratogenic in animals or humans.

Zinc is an essential trace element that is involved in enzyme functions, protein
synthesis, and carbohydrate metabolism. Ingestion of excessive amounts of zinc may
cause fever, vomiting, stomach cramps, and diarrhea. Fumes of freshly formed zinc
oxide can penetrate deep into the alveoli and cause metal fume fever. Zinc oxide
dust does not produce this disorder. Contact with zinc chloride can cause skin and
eye irritation. Inhalation of mists or fumes may irritate the respiratory and
gastrointestinal tracts. Zinc in excess of 0.25 percent in the diet of rats causes growth
retardation, hypochromic anemia, and defective mineralization of bone. No zinc

toxicity is observed at dietary levels below 0.2' )ercent.

Studies with animals and humans indicate that metabolic changes may occur due to
the interaction of zinc and other metals in the diet. Exposure to cadmium can cause
changes in the distribution of zinc, with increases in the liver and kidneys, organs
where cadmium also accumulates. Excessive intake of zinc may cause copper
deficiencies and result in anemia. Interaction of zinc with iron or lead may also lead
to changes that are not produced when the metals are ingested individually.

Toxicity to Wildlife and Domestic Animals

Zinc produces acute toxicity in freshwater organisms over a range of concentrations
from 90 to 58,100 ug/liter and appears to be less toxic in harder water. Acutetoxicity

is similar for freshwater fish and invertebrates. Chronic toxicity values range from
4 47 to 852 Ug/liter and appear to be relatively unaffected by hardness. A final acute-
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chronic ratio for freshwater species of 3.0 has been reported. Although most
freshwater plants appear to be insensitive to zinc, one species, the alga Selenastrum

capricornutum, exhibited toxic effects at concentrations from 30 to 700 Pjg/liter.

Reported acute toxicity values range from 2,730 to 83,000 ug/liter for saltwater fish
and from 166 to 55,000 ig/liter for invertebrate saltwater species. Zinc produces
chronic toxicity in the mysid shrimp at 166 ug/liter. The final acute-chronic ratio for
saltwater species is 3.0. Toxic effects are observed in saltwater plant species at zinc
concentrations of 50 to 25,000 jig/liter. Bioconcentration factors of edible portions

of aquatic organisms range from 43 for the soft-shell clam to 16,700 for the oyster.

Zinc poisoning has occurred in cattle. In one outbreak, poisoning was caused by

food accidentally contaminated with zinc at a concentration of 20 g/kg. An
estimated intake of 140 g of zinc per cow per day for about 2 days was reported. The
exposed cows exhibited severe enteritis, and some died or had to be slaughtered.
Postmortem findings showed severe pulmonary emphysema with changes in the
myocardium, kidneys, and liver. Zinc concentrations in the liver were extremely
high. Based on relatively limited data, some researchers have speculated that
exposure to excessive amounts of zinc may constitute a hazard to horses. Laboratory
studies and findings in foals living near lead-zinc smelters suggest that excessive
exposure to zinc may produce bone changes, joint afflictions, and lameness. In pigs
given dietary zinc at concentrations greater than 1,000 mg/kg, decreased food
intake and weight gain were observed. At dietary levels greater than 2,000 mg/kg,
deaths occurred as soon as 2 weeks after exposure. Severe gastrointestinal changes
and brain damage, both of which were accompanied by hemorrhages, were
observed, as well as changes in the joints. High concentrations of zinc were found in

the liver.
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APPENDIX G

REGULATORY AGENCY CORRESPONDENCE
REGARDING

ELLINGTON FIELD (ANG)
SITE INVESTIGATION

* MINUTES FOR REGULATORY REVIEW MEETING

0 NGB REQUEST FOR COMMENTS
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MEETING MINUTES
DRAFT SITE INVESTIGATION REPORT REGULATORY REVIEW MEETiNG

147TH FIGHTER INTERCEFTOR GROUP
TEXAS AIR NATIONAL GUARD

ELLINGTON FIELD
HOUSTON, TEXAS

DATE OF MEETING: October 3. 1990

PLACE OF MEETING: Ellington Field, Houston. Texas

Persons attending:

Name Affiliation Telephone I
Bob Allen Harris County Poll. Cont. (713) 920-2S31

Larry Basilio) NUS Corporation (713) 492-ISSS

Steve Flcminiz HAZ\VRAP (615) 435-3254

Shanon Goldber__ _ HAZWRAP (615) 435-3310

Maj. Sheila F. Hooten 147 CES, Ellington (713) 929-2781

Amy Hubbard NUS Corporation (412) 788-1080

Paul R. Nelson City of Houston (Utilities) (713) 52-9855

Col. Tom Shellshear 147 FIG/DCS (713) 929-2403

Linda Steaklcv NUS Corporation (713) 492-18,S8

Don \Villiams NGB/DEVR (301) 981-8159

Nfornin .eeting/Site Tour

On Wednesday, October 3, 1990. a meeting was held among ANG, HAZWRAP, NUS and regulatory agencv
personnel. Mr. Williams, of the NGB, provided a brief overview of the purpose of the meeting, which was to
review comments rceived from regulatory agency personnel and to discuss the scope of work for determininQ
the extent of contamination at the POL site. Ms. L. Steakley, of NUS Corporation, was introduced. Ms.
Steaklev summarized the results and recommendations of the Site Investigation (SI) and reviewed the proposed
Remedial Investigation (RI) work to be performed at the POL site. A discussion ensued concerning the
recommendation to prepare a Decision Document (DD) proposing no further action at the landfill, as well as
proper abandonment of existing ground-water monitor wells. The fate of one UST remaining at the landfill was
also discussed.

P-48-10-0-006H



An RI of the POL site was proposed to further investigate the extent of contamination discovered during the
SI. ltems outlined were:

" The schedule for remediation activities
" The criteria under which the site would be remediated
" Community Relations Plan (CRP)
* The role of regulatory agency review of documents

A DD will be written for the Fuel System Repair Shop (FSRS) and the Former Base Landfill by NUS.

NUS' management of disposai of containerized materials generated during the SI was discussed.

A site tour of the POL site was conducted by Major S. Hooten. Major Hooten answered questions concerning

the historical account of activities at the site.

Afternoon Meeting

In the afternoon session, representatives of ANG. HAZWRAP. and NUS met to discuss, in general terms, the

,cope of work necessary to d.tinc the extcnt of contamination at the POL site. After significant open discussion

and brainstorming about how to most appropriately define the extent of contamination at the POL site. the eight

tasks indicated below were tentatively agreed upon. These tasks were developed assuming the site will be

remediated in accordance wNith the UST program cleanup guidelines instead of the CERCLAX/IRP criteria. Refer

to Attachment 1. POL Site Map, for the general location of proposed wells and borings.

I. Place two monitor wells on the eastern edge of the POL to determine if offsite migration has
occurred.

2. Two soil borings will be placed near the east fuel standpipes.

3. One soil boring will be placed in the center of the former cul-de-sac.

4. Five soil borings will be placed around the rail track to determine the extent of contamination on

the north, west, and south boundaries, which occurred during tank car loading and unloading
operations.

Up to three soil samples will be collected from each boring. One at the top of ground water and
up to two more, based on field evidence of contamination.

o, Soil samples wi;i be analwzcd for TPH. If concentrations are less than 100 ppm, BTEX will also be
run on that sample.

7. Monitor well and east fuel stand borings sample analysis will be done on 24-hour or 48-hour

turnaround, if possible.

8. If perlmeter samples (indicated by * on Attachment 1) are clean, then the RI will continue with

interior borings to define extent of rail track contamination. If perimeter samples indicate

contamination, another meeting will be held to determine further action.

f P-48-l0-O-00611
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The following items were also outlined:

* Deliverables to be attached to the linal SI report
* Distribution of meeting minutes
* Draft RI work plan schedule

Submitted by:

Linda G. Steakley
NUS Corporation

l'-18-10-0-061t
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DEPARTMENTS OF THE ARMY AND THE AIR FORCE
NATIONAL GUARD BUREAU

ANREWS AIR ORCE ASE C N0314@ RECEIVED
NOV 19 1990

NUS CORPORATION
HOUSTON, TEXAS

Ms. Susan Bredehoeft 4i 3NOV 1990

Texas Water Commission
5144 East Sam Houston Parkway North
Houston, Texas 77015

Dear Ms. Bredehoeft

A regulatory review meeting was held at the 147th Fighter Interceptor
Group, Ellington Field, Houston on October 3, 1990 to receive comments on the
Site Investigation Report and to scope additional activities necessary for
remedial investigation at the POL storage area. Representatives from your
office, the Texas Air Control Board, Texas Department of Health, and the
Harris County Pollution Control Department were invited to attend. Minutes of
the meeting are attached for your use.

The purpose of this letter is to summarize proposed actions for the
disposition of each site prior to finalizing the SI report.

Results of soil and groundwater sampling and a preliminary risk
assessment at the Former Base Landfill concluded that no significant risks to
human health exist as a result of minor contamination at this site. A no
further action Decision Document will be prepared for site closure. In
addition, the monitoring wells will be abandoned according to TWC procedures
and a deed restriction will be recorded. Master plan documents will clearly
indicate future use of this site as open space.

Results of soil sampling at the POL Storage Area indicated total
petroleum hydrocarbon (TPH) contamination in soils of concentrations which
exceed TWC clean closure criteria. The extent of contamination is not known.
No contaminants were detected in groundwater that exceed Maximum Contaminant
Levels or Drinking Water Health Advisories. A preliminary risk assessment
concluded that no significant risks to human health exist at this site. The
NGB will continue investigation of soils and remediate, if necessary,
according to cleanup criteria stated in the "Guidance Manual for LPST Cleanups
in Texas, Texas Water Commission, Petroleum Storage Tank Division, January
1990". Results of findings from additional field work will be evaluated to
determine whether cleanup will be required.

The Preliminary Assessment (Records Search) identified a third site
near the Fuel System Repair Shop. Additional information has been obtained
regarding the spill incident to provide sufficient rationale to close out the
site via Decision Document.



During the conduct of field work, several drums of SI derived waste were
stored pending results of sample analyses. These wastes will be managed in
accordance with SI report Section 2.1.8.

Please coordinate your review with a representative from the Petroleum
Storage Tank Division and provide us with your written comments as soon as

possible so that we can finalize the SI report.

If you have any questions, please call Mr. Don Williams, NGB Project
Manager, at (301) 981-8159.

Sincerely

RONALD M. WATSON, Chief
Environmental Division

I cc: Mr. Steve Fleming/HAZWRAP
Ms. Linda Steakely/NUS Houston
Maj Sheila Hooten/147FIG/DE4Mr. Bob Allen/Harris County

i

I
i
I
9
I
!
I
!
I
I


