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' EXECUTIVE SUMMARY

A basewide background study was conducted at the Naval Air Station Fort Worth
Joint Reserve Base, Carswell Field, Texas (referred to as NAS Fort Worth) to
establish background concentrations of inorganic constituents in various site media.
Background concentrations were determined for 24 inorganic constituents in each of

the following background populations:

s surface soil;
e subsurface soil;

e groundwater sampled via a low-volume sampling technique (to approximate
filtered samples);

e groundwater sampled with a bailer (unfiltered samples);
e surface water; and

e sediment in the surface water drainages.

A total of 30 surface soil, 30 subsurface soil, 12 groundwater samples (one low-
volume sample and one bailer sample per well), 8 surface water, and 8 stream
sediment samples were collected to characterize these media for background

concentrations.

The Tolerance Interval (TI) method (U.S. Environmental Protection Agency [EPA]
1989, 1992) was used to estimate upper tolerance limits (UTLs) of the distribution of
each constituent in the background data population. Table ES-1 presents the results
of the NAS Fort Worth Background Study. The UTL,;,, listed in the table is the
value that we can say, with 95 percent confidence, will exceed 95 percent of the
background data. Any site value greater than the UTL has only a S percent
probability of being drawn from the background data population, and thus may

indicate the presence of site-related contamination.

Final
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TABLE ES-1 o
Summary of Background UTLs by Matrix M
Naval Air Station Fort Worth g
Low-Stress
Surface Soll Subsurface Procedure Bailer Sampled Surface Water Stream il
Analyte (mg/kg) Soil Groundwater Groundwater (mg/L) Sediment =
{mg/kg) (m (mglL) {mg/kg) =
a/L)
Aluminumn 22035 20260 1.332 11.07 0.272 28767 ?5:
Antimony 0.56 0.712 ND at 0.002 0.0024 0.003 0.33 ]
Arsenic 5.85 6.58 ND at 0.0049 0.0067 ND at 0.0049 7.02
Barium 233 128.1 0.587 1.133 0.151 1804
Beryllium 1.02 1.13 0.0003 0.0019 ND at 0.0003 1.189 .
Calcium 167788 272000 266.3 2438 133.7 337544 -
Cadmium 0.556 0.59 ND at 0.0005 0.0016 ND at 0.0005 0.507 -
Chromium 25.86 16.31 0.006 0.0136 0.0078 17.0 o
Cobalt 11.05 6.19 ND at 0.0089 0.01 ND at 0.0089 6.65 -
Copper 17.37 13.72 0.0028 0.0101 0.010 22.18
fron 17717 17469 0.224 7.23 0.921 10696 éé
Lead 30.97 12.66 ND at 0.0016 | ND at0.0016 | ND at 0.0016 104.1 a
Magnesium 3003 2420 37.80 68.78 9.35 2772
Man@se 849 3517 0.175 10.571 0.4193 491 :‘;
Mercury 0.14 ND at 0.035 ND at 0.0001 ND at 0.0001 0.0001 0.036 &
Molybdenum 1.460 1.93 ND at 0.0144 | ND at0.0144 | ND at 0.0144 0.69
Nicke! 146 19.76 0.0204 0.036 0.0178 19.8
Potassium 2895 1717 15.03 3.9 6.35 3227 ;
Selenium 0.907 0313 0.0077 0.0072 0.0025 0.214
Silver 0.213 0.128 0.0002 0.0003 0.0003 0.144 o
Sodium 37300 53200 167 176.2 455 6.07 _;g.
Thallium 243 1.5 ND at 0.0632 | NDat0.0632 | ND at 0.0632 ND at 1.32
Vanadium 46.3 374 0.012 0.0653 0.0159 32.3
Zinc 38.8 31.3 0.118 0.0682 0.0122 101.3 *
Notes:
mg/kg = milligrams per kilogram i
mg/L = milligrams per liter -
ND = not detected
UTL = upper tolerance limit
INCARSWELL\O5G4TS00\WP\BK-Fina\TABLES-1.XLS 1/7/98 ES-2 Page 1 of 1
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1.0 INTRODUCTION

This report describes field activities, summarizes analytical results, and presents
background concentrations calculated for the basewide background study at the Naval
Air Station (NAS) Fort Worth Joint Reserve Base (JRB), Carswell Field, Texas
(referred to as NAS Fort Worth). Jacobs Engineering Group Inc. (Jacobs) completed
this work under Contract F41624-94-D-8046, Delivery Order 0021, issued by the Air
Force Center for Environmental Excellence. The project consisted of sampling soil,
groundwater, surface water, and sediment, and calculating background concentrations

for select metals in each of these media.

This report is organized into five sections. Section 1.0 introduces the basewide
background study, the history of NAS Fort Worth, the physical setting of the station,
project objectives, the general approach, and the rationale for the selection of
sampling locations and the analytical suites. Section 2.0 describes the field sampling
activities. Section 3.0 provides an overview of data quality. Section 4.0 presents the
data analysis and statistical calculations of background concentrations for each of the
media sampled. Section 5.0 is the list of references used to prepare this report. In

addition to the five sections, this report includes the following seven appendices:

¢ Appendix A - Preliminary Analytical Results
¢ Appendix B - Chain of Custody Records
¢ Appendix C - Soil Probe Boring Logs

¢ Appendix D - Monitoring Well Boring Logs, Construction Details, Groundwater
Sampling Data Sheets, and Development Records

e Appendix E - Surface Water Data Sheets
e Appendix F - Statistical Calculations Support Tables
e Appendix G - Photographs

Final
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1.1 LOCATION AND HISTORY OF NAS FORT WORTH

NAS Fort Worth is located in north-central Texas, 8 miles west of downtown Fort
Worth (Figure 1-1). The area surrounding the station is mostly suburban, including
the residential areas of the cities of Fort Worth, Westworth Village, and White
Settlement. The main station totals 2,264 acres and is bordered on the north by Lake
Worth, on the east by the West Fork Trinity River and Westworth Village, on the
northeast and southeast by Fort Worth, on the west and southwest by White
Settlement, and on the west by Air Force Plant 4 (Lockheed).

NAS Fort Worth was originally a modest dirt runway built to service the aircraft
manufacturing plant now called Air Force Plant 4. The installation was established in
1942 and was referred to as the Té.rrant Field Airdrome. Its mission was to provide
training for B-24 bomber pilots. The Strategic Air Command assumed control of the
installation in 1946. In 1948, the base was renamed Carswell Air Force Base (AFB) in
honor of Fort Worth native, Major Horace S. Carswell. Carswell AFB became host base
for its first B-52s and KC-135s in 1956.

Pursuant to the Base Closure and Realignment Act of 1990, Carswell AFB was selected
for closure and associated pro_perty disposal during Round II Base Closure Commission
deliberations. This announcement initiated the closure and disposal and reuse planning
process. Drawdown activities were initiated in 1992, and all aircraft were telocated by

January 1993. The base officially closed on 30 September 1993. On 1 October 1994, the

U.S. Navy assumed control of Carswell AFB; the base was renamed NAS Fort Worth.

The base is under the regulatory oversight of the Texas Natural Resource Commission

Conservation (TNRCC) through permit HW-50289 issued in 1991.

1.2 INSTALLATION ENVIRONMENTAL SETTING

NAS Fort Worth is located in the Grand Prairie Section of the Central Lowlands

Physiographic Province. The area is characterized by broad, gently to moderately

Final
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sloping terraces of sedimentary rock mantled by a variable thickness of light brown to
black loamy soil. The Grand Prairie Section is typically grass-covered with isolated

stands of upi;clnd timber.

Topography at NAS Fioﬁ Wo;'th 1S grenérailrl; flat exc_;;rin areas along Farmers
Branch, West Fork of the Trinity River, and Lake Wo_rth._ ___Elevations at NAS Fort
Worth range from apprd;cirﬁate'l-); 590 feet above mean sea level along the shore of
Lake Worth to approximately 660 feet above mean sea level in the southwest corner

of the site.

In the immediate vicinity of the station are industrial, commercial, residential, and
recreational areas. West of the station are industrial complexes at Air Force Plant 4 and in
White Settlement a?ﬁ ‘some residrerrl{ial and 7srupporting commei'cia] areas. South of the
station are commercial areas at the interchange of Interstate Highway I-30 (I-30) and State
Highway 183. This area includes a regional shopping mall, a discount shopping center,
and a small convenience center. Both single-family and multifamily residential
developments dominate the area southeast of the station and north of I-30 and the area east
of the station. The area north of thesiatloris predominantly composed of recreational and
public facilities. The south shore of Lake Worth is restricted to public access because of
the presence of NAS Fort Worth and Air Force Plant 4, but the lake is open for recreation,
A fish hatchery, a YMCA camp, and private recreational land are along the West Fork of
the Trinity River northeast of the station.

1.2.1 Demography

NAS Fort Worth 1s located in north-central Tarrant County. Based on the 1990
census, the population of Tarrant County (which encompasses most of the Fort Worth
metropolitan area) is approXimately 1.17 million; approximately 447,600 live in the
City of Fort Worth. Numerous smaller communities represent the balance of the
population. The communities of White Settlement, ‘Lake Worth Villaée, Westworth
Village, River Oaks, and Sansom Park Village all lie within a 3-mile radius of NAS

I>CARSWELL\05G47900\WP\BK -FINAL\SEC1 DOC 1/7/98 -4 Recycled
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Fort Worth. Most of the land surrounding NAS Fort Worth is zoned for residential

use, but also includes areas zoned for r'ecreatidn'al;' commer_CIal, and industrial uses.
1.2.2 Geology
The following sections discuss the regional geology for NAS Fort Worth.

12.2.1 Regional Geology

The geology of west-central Tarrant County consists of Early Cretaceous marine
sedimentary rocks underlain by undifferentiated Paleozoic rocks. Unconsolidated
thin alluvial deposits of the Quaternary period overlie bedrock along major stream

and river valleys.

Sediments were deposited in the area during most of the Paleozoic era. Late in the
Paleozoic era the area was uplifted, and extensive erosion during the Jurassic period
produced a surface upon which early Cretaceous marine sediments were deposited as
part of an oscillating shoreline. These marine sediments now exist as a southeast-
thickening wedge extending into the East Texas basin. From the late Cretaceous
period through the Tertiary period, the sea withdrew toward the Gulf of Mexico, and
the land surface was eroded and shaped by streams. During the Quaternary period,
the streams deposited alluvial sediments. The older sediments are represented by

terrace deposits cut by the alluvial valleys of present streams.

Major structural features in the vicinity of Tarrant County include the Mexia-Talco
fault system about 80 miles to the east, the leading edge of the OQuachita overthrust
about 30 miles to the east, and the south end of the axis of the Fort Worth basin,

located just to the east of the site.

The generalized regional stratigraphic units in the vicinity of Tarrant County are

presented in Table 1-1. The units are briefly described in the following paragraphs.

Final
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TABLE11 -
Stratigraphic Units of Interest in the
Vicinity of NAS Fort Worth

Era System Series Group Stratgraphic Units
Fill Material
Cenozoic Quaternary | Holocene Alluvium
Pleistocene Fluvial Terrace Deposits
Washita Duck Creek Limestone

Kiamichi Formation

Mesozoic Cretaceous | Comanche Fredericksburg Goodland Limestone
Walnut Formation

Trinity Paluxy Formation
Glen Rose Formation
Twin Mountains Formation

Paiéozoic Paleozoic Undifferentiated

The fiil materials consist of clay, silt, sand, gravel, and organic material occasionally
mixed with general refuse and construction debris. The alluvial deposits fill present-
day stream and river valleys and consist of sand, silt, clay, and gravel. The Terrace
Alluvium, consisting of gravel, sand, silt, and clay, represent older floodplain

sediments and occur above and are generally cut by the present stream valleys.

The Cretaceous rocks of the Comanche Series (the Washita, Fredericksburg, and
Tﬁhity Groups) all dip gently to the east-southeast at a rate of approximately 37 feet
per mile (Leggat 1957). Units of the Washita Group (the Duck Creek Limestone and
Kiamichi) do not occur at the sites, but do occur to the south and east of NAS Fort
Worth (McGowen et al. 1988).

The Fredericksburg Group, which consists of the Goodland Limestone and the

Walnut .Formation, underlie most of the area and occasionally crop out. The
Goodland Limestone is composed of white, chalky, fossiliferous, dense, thinly to
massively bedded limestone interbedded with gray to yellow-brown stiff clay and
marl (Hargis + Associates 1989a). The formation is extensively jointed and ranges

.f.rom 0 to 1-30 feet thick in TaITant County. The Walnut Formation, which averages
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300 feet in thickness, is a fossiliferous limestone and shell coquinite, and consists of

interbedded brown sandy clay, thinly bedded fossiliferous clay, fissile clay, and iron-

stained limestone (Leggat 1957). -

Rocks of the Trinity Group, consisting of the Paluxy, Glen Rose, and Twin
Mountains Formations, underlie NAS Fort Worth. The Paluxy Formation consists of
sandstone and siltstone interbedded with sandy to silty, calcareous, waxy clay, and
shale (Nordstrom 1982). The sandstone is composed of fine- to coarse-grained, well-
sorted, poorly consolidated, and cross-bedded white quartz. The thickness of the
Paluxy Formation in Tarrant County is approximately 140 to 190 feet (Leggat 1957).
Underlying the Paluxy Formation is the Glen Rose Formation consisting of
sandstone, claystone, limestone, and anhydrite. In the vicinity of the Lake Worth, the

Glen Rose Formation is approximately 250 feet thick.

Underlying the Glen Rose Formation is the Twin Mountains Formation. The Twin
Mountains Formation grades upward from a chert and quartz conglomerate to a fine-
to coarse-grained sandstone interbedded with shale and clay, and is approximately
250 feet thick in the vicinity of Lake Worth. Undifferentiated Paleozoic deposits
underlie the Twin Mountains Formation and consist of shales, sandstones, and

limestones 6,000 to 7,000 feet thick.

1.2.2.2 Geology of NAS Fort Worth

The geologic units of concern at NAS Fort Worth include, in stratigraphic order, the

following:

¢ fill materials;

e alluvium;

¢ terrace deposits;

e Goodland Limestone;
e Walnut Formation; and

e Paluxy Formation.
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No major faults or fracture zones have been mapped near the site. The following
sections describe the physical characteristics, location, and thickness of each unit

found at the site.

Fill. Fill material at NAS Fort Worth consists of variable mixtures of clay, silt, sand,
and gravel, sometimes mixed with general refuse, chemical sludge, and construction
debris. The fill occurs in landfills, waste pits, excavated areas, and other areas where

the land surface has been altered for construction of buildings, roads, or runways.

Alluvium. Terrace alluvial material deposited by the Trinity River underlies the fill
material or is found at the surface and consists of heterogeneous interbedded clay, silt,
and poorly to moderately sorted sand, gravel, and occasional cobbles. Individual beds
are continuous only over very short distances. The clastic materials in these
sediments consist primarily of limestone and shell fragments, while quartz sand

grains are a minor constituent.

Vertically, the Terrace Alluvium can be divided into two general lithologies: (1) a
shallower unit composed of varying ainou_nts of clayey sand, sandy clay, and gravelly
clay; and (2) a deeper sand or gravel unit, usually saturated, that immediately overlies
the bedrock. The upper part of the shallower unit (from the surface to a depth of 2 to
4 feet) has been discolored to a dark gray from the accumulation of organic matter,
and for the purposes of the background studies, will be considered as a separate soil
horizon.
The fill and alluvial deposits are found in nearly all areas of NAS Fort Worth; the
thickness of these deposits varies considerably around the site. The tﬁickest
accumulations correspond to erosional depressions in the bedrock. One of these
erosional depressions, or paleochannels, extends northeast from the southern end of
the Plant 4 Assembly Building to the Plant 4 East Parking Lot is approximately 60
feet deep, and is a prominent subsurface feature governing Terrace Alluvium
groundwater flow under NAS Fort Worth. A secondary channel appears to extend to

Final
CARSWELL\0SG47900\WIBK-FINALISEC1.DOC 17798 1-8 Recycled

I

.

QI 1 HGLLQL.

i

Wi

ol

[ ]

i

Bar @ ‘( g

E



[

I

el

qu ™
e

7409 21

the southeast under the flight line. A cross section presented in the Summary of
Interim Remedial Investigation (Hargis + Associates 198%9a) indicates that this

channel has cut down through nearly the entire thickness of the Walnut Formation.

Coarse sand and gravel deposits occur immediately above bedrock in several areas at
NAS Fort Worth., The greatest thickness of these coarse deposits is in the
paleochannels where the gravels were deposited as channel lag on the scoured
bedrock surface. Basal sand and gravel in the paleochannel in the Plant 4 East
Parking Lot area reaches a thickness of at least 15 feet (Hargis + Associates 1989a).
Basal sand and gravel in the southeastward extension of this paleochannel under the
runways at NAS Fort Worth range up to at least 35 feet thick. Sand and gravel
greater than 20 feet thick also occur in an area that trends eastward approximately
aligned with White Settlement Road. These deposits probably coincide with the

location of a former channel of what is now Farmers Branch (Radian 1990).

Goodland Limestone. The Goodland Limestone is present in the subsurface
throughout Plant 4 and NAS Fort Worth, except (1) where erosion has removed it in
the northwest part of Plant 4, (2) in the northern portion of NAS Fort Worth, and (3)
in deeply eroded meander bends cut by former courses of the West Fork of the Trinity
River beneath both Plant 4 and NAS Fort Worth. The top of the formation is highly
weathered in places because it was exposed for a long period before overlying
alluvium was deposited. The thickness of the formation on the site is variable,
depending on the amount of erosion that has occurred. The thickest Goodland

Limestone encountered near the site (just west of Plant 4 at well EPA-4) is 47 feet.

The Goodland Limestone consists of chalky white, fossiliferous, dense, thinly to
massively bedded limestone interbedded with gray to yellow-brown stiff clay and
marl. Extensive jointing is common in weathered portions of the formation; however,

core samples from the Goodland Limestone indicate that joints are rare when
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unweathered. No faults are known to occur in the Goodland Limestone in the vicinity

of Plant 4 (Hargis + Associates 1989b).

Walnut Formation. The Walnut Formation underlies most of Plant 4 and NAS Fort
Worth. Where erosional channels have not been cut into the top of the Walnut
Formation, the thickness of the formation is fairly constant at between 25 and 35 feet.
Except for the deep paleochannel cut into the Walnut Formation in the East Parking

Lot, the top of the Walnut Formation shows few abrupt changes in elevation.

The Walnut Formation is mainly a coquinite that contains abundant Gryphaea
marcoui and E)cog,yr& te;;c;c;na”éhelri Vf:ogsirlrsr V(WLergééth’9577). The coquinite often has a
matrix of calcareous shale and clay. Interbeds of calcareous shale and clay also occur.
Blaék, fissile shale was eﬁcounte;r;éd jirlr]irsexrferél Bo;ér}rlolésr from tl;lérupper part of the
formation just above the coquinite. Dense sandy limestone, silty shale, and minor

pyrite also occur in the lower part of the formation.

A disconformity separates the base of the Walnut Formation from the top of the
Paluxy Formation. No faults are known to occur in the Walnut Formation in the

vicinity of NAS Fort Worth,

Paluxy Formation. The Paluxy Formation, commonly called the Paluxy sand, is the
upper member of the Early Cretaceous Trinity Group. The Paluxy Formation
underlies all of NAS Fort Worth and Plant 4, and its uppermost part crops out along
the Lake Worth shoreline.

The thickness of the Paluxy Formation ranges from 133 to 175 feet in the NAS Fort
Wo&h and Plant 4 area (Hargis + Associates 1989b). The formation predominantly
consists of several thick sandstone layers {cumulatively, about 120 feet thick in this
area) separated by thin, discontinuous shale and claystone layers, The lower part of
the Paluxy Formation is generally coarser grained than the upper part. This
intercalated sandstone and shale sequence was deposited as a shifting complex of
near-shore (littoral) environments on the western margin of the East Texas
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embayment. The top of the underlying Glen Rose Formation is defined as the first

occurrence of a limestone unit.

Sandstones in the Paluxy Formation are porous, fine- to very fine-grained, and
composed of moderately to well sorted, subangular to subrounded white quartz sand.
The sandstones are poorly cemented (friable) to slightly indurated with sparry calcite
cement (Caughey 1977). Traces of pyrite, iron oxides (limonite concretions), and
glauconite occur in the sandstone, and these can be locally abundant. Thinner
sandstone beds may contain pyrite nodules, traces of lignite, silicified wood, and
carbonized plant fragments. Low-angle cross-bedding has been observed in cores
from the Paluxy Formation and in outcrops along the Lake Worth shoreline northwest
of Plant 4 where horizontal, _fossiliferous limestone beds of the Walnut Formation

truncate cross-bedded yellow-brown sandstone of the upper Paluxy Formation.

Bedding in the gray to green-gray or olive-green shales (mudrocks) and silty
claystones of the Paluxy Formation may be horizontally laminated, massive, or
burrowed (chumned or bioturbated). The mudstones commonly contain carbonized

plant fragments and thin beds of lignite.

The thicknesses of individual sandstone and shaley units in the Paluxy Formation
vary across the site. In the upper part of the Paluxy Formation, differences in the
individual sandy and clayey units can be subtle (i.e., silty claystone compared with
very fine-grained sandstone), and facies changés occur across the site (ciayéiorie :m'a;

grade into very fine-grained sandstone).

1.2.3 Hydrogeology
The hydrogeology in the vicinity of NAS Fort Worth consists of three main units:

1. a shallow (or water table) aquifer within the fill, alluvium, and weathered
Goodland Limestone;

2. an aquitard compdSed of ”cbrmpeteint bedrock of the Goodland Limestone and
Walnut Formation; and
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3. the Paluxy Aquifer, which is a source of municipal water supply for the city of
White Settlement.

Discussions of each of these hydrogeologic units are presented in the following

sections.

Shallow Aquifer. Shallow groundwater occurs in unconsolidated fill, alluvium, and
weathéfed Goodlahd Lifnestone, all 6f whiéh overlie competent brérdrock. The
lithology of the shallow groundwater system consists primarily of silt and clay
material, with silty sand and gravel deposits often present in paleochannels incised
into bedrock. The direction of groundwater flow is generally controlled by bedrock
topography of the Goodland Formation. Groundwater flow in the shallow aquifer 1s
generally to the east toward the West Fork of the Trinity, with some localized flow to
the north toward Lake Worth, and in various directions toward Farmers Branch in the
southern end of NAS Fort Worth.

The shallow groundwater system is underlain by competent Goodland Limestone and

Walnut Formation. These two formations form an aquitard that restricts the flow of

groundwater between the shallow aquifer and the underlying Paluxy Formation. In

many areas, the Goodland Limestone is located at or very near the land surface, and
the shallow groundwater is essentially absent in these areas. Elsewhere, the Goodland
Limestone and Walnut Formation are eroded by paleochannels filled with alluvium.
The.Goodlfjmd Limestdne is-oﬂen entirely absent.in these areas. Locally, for ekample
at the Plant 4 East Parking Lot “window area,” the Walnut Formation has been eroded

almost rcbrmpiietely by a paleochannel.

Groundwater recharge to the fill and alluvium is from local rainfall and infiltration
from streams and drainage ditches. Extensive paved areas and buildings restrict the
natural infiltration of precipitation over much of NAS Fort Worth and Plant 4.
However, precipitation does infiltrate through several large grassy areas that include

portions of the flight line area, the radar range, and Landfills No. 2, 3, and 4.
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Additional recharge also occurs as leakage from water-supply lines, fire-fighting pipe

systems, cooling-water systems, sanitary sewers, and storm sewers.

Discharge from the shallow aquifer occurs primarily as seeps to Meandering Road
Creek, baseflow to Farmers Branch, and discharge to the West Fork of the Trinity
River. Discharge from the shallow groundwater also occurs as vertical leakage into
the Paluxy Aquifer. Most of the vertical leakage occurs in the paleochannels where

considerable portions of the Goodland Limestone and Walnut Formation are absent.

Slug tests completed during the Plant 4 Remedial Investigation (RI) Preliminary
Assessment (PA)/Site Investigation (SI) to obtain estimates of hydraulic conductivity
in easterly flowing upper zone groundwater, averaged 0.5 x 10 centimeters per
second (cm/sec). These slug tests were completed on 13 ‘well's:, some of which were

screened in the weathered portions of the Goodland Limestone (Rust Geotech 1995).

Hydraulic conductivities determined from slug tests ranged from 4.1 x 10 cm/sec to
7.98 x 107 cm/sec, while pump tests conducted in groundwater monitoring wells
LF04-02 and LF04-03 averaged 2.8 x 10" cm/sec (Radian 1991). This value is within
the typical range for clean sand and gravél depoéits (U.S. Geological Survéy 1989).

Goodland Limestone and Walnut Formation Aquitard. These two formations form an

aquitard that restricts the vertical flow of groundwater between the shallow aquifer system
and the Paluxy Aquifer. The entire section of Walnut Formation and at least a portion of
the Goodland Limestone are present throughout most of NAS Fort Worth and the Plant 4
area. In the vicinity of NAS Fort Worth and Plant 4, the maximum thickness of the
aquitard is approximately 30 feet, but is considerably thinner or absent in areas where
paleochannels have incised into the Goodland Limestone and Walnut Formation. In
highly incised areas, such as the window area, there is a potential for groundwater flow

into the Paluxy Formation.

Final
1\CARSWELL\05G47900\WPBK -FINAL\SEC1 . DOC 177198 1-13 Recycled



409 26

Vertical hydraulic conductivity of the competent Walnut Formation was measured on
several drilling core samples collected during the Plant 4 RI PA/SI. The logarithmic mean
of the measured hydraulic conductivity values is 7.0 x 107 cm/sec, based on a sampling
of six cores. Additionally, hydrographs for paired Terrace Alluvium and Paluxy
Formation monitoring wells also indicate that there is relatively little flow from the

Terrace Alluvium to the Paluxy Formation (Rust Geotech 1995).

These estimates of vertical flow velocity through the Walnut Formation suggest that as
long as the Walnut Formation is present, the downward flow of groundwater is very
hmited. The distribution of chemical constituents in the Paluxy Formation over most of

Plant 4 confirms that there is very little flow of shallow groundwater through the aquitard.

The Paluxy Aquifer. The Paluxy Aquifer is an unconfined to semiconfined sandstone
aquifer that underlies the Walnut Formation aquitard. The bottom of the Paluxy Aquifer
is defined as the first occurrence of limestone beneath the Paluxy Formation. Limestone is
the dominant component of the Glen Rose Formation, which underlies the Paluxy

Formation.

In Taﬁant and Dalrlas Counties, the Péluxy Aquifc;r Is widelf used as a sourée of water for
domestic, municipal, and industrial water supplies. Development of the Paluxy Aquifer
began in the early 1900s, with total production in the Tarrant and Dallas County areas
reaching a peak in the late 1960s (Nordstrom 1982). The decline in production since the
late 1960s resulted from large declines in hydraulic head caused by heavy pumping in
eastern Tarrant County and central Dallas County. The declining water levels led to the
abandonment of inefficient wells (Nordstrom 1982), which were then replaced by the
development of other sources, such as the Twin Mountains Aquifer. In the immediate
vicinity of Plant 4, seven water supply wells for the City of White Settlement obtain water
from the Paluxy Aquifer.

The Paluxy Aquifer has been characterized in previous site reports as a stratified aquifer
consisting of three distinct flow systems separated by continuous aquitards composed of

siltstone, claystone, and/or shale. However, in most instances individual shale and
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siltstone/claystone units cannot be correlated over large distances because of the variable
distribution of the units and the uncertainty associated with the lithologic logs prepared on
the basis of drill cuttings. Because of these observations, the'Paluxy-f; Aquifer is regafded

as a single unconfined to semiconfined flow system consisting of a largely sandstone
matrix with abundant layers of interbedded shale, siltstone, and claystone.

Recharge to the Paluxy Aquifer occurs largely as infiltration of precipitation falling on the
outcrop in Wise, Parker, Hood, and Tarrant Counties. Recharge also occurs as infiltration
from Lake Worth and Eagle Mountain Lake, both of which lie at least partially within the
boundary of the outcrop. Additional minor amounts of recharge also occur as infiltration
from streams that cross the outcrop. In the immediate vicinity of Plant 4, it is evident that
small amounts of recharge are also derived from leakage of upper-zone Terrace Alluvium
groundwater through the window area (where the Walnut Formation has been severely
eroded) and leakage of surface water through the lower reaches of Meandering Road

Creek. In both of these areas, most if not all of the Walnut Formation has been eroded

reducing the capacity of this aquitard to impede the vertically downward flow of upper-
zone groundwater and surface water.

1.2.4 Surface Water

The primary surface-water features in the vicinity of NAS Fort Worth include Lake
Worth, Farmers Branch, and the West Fork of the Trinity River.

Lake Worth is
located along the northern boundary of the site, Farmers Branch flows eastward near

the site on the east.

the southern end of the site discharging into the West Fork of the Trinmity River, and
the West Fork of the Trinity River flows southeasterly from Lake Worth and borders

Lake Worth was created by damming the West Fork of the
Trinity River.

Portions of NAS Fort Worth fall within the 100-year floodplain.
These areas occur along portions of the West Fork of the Trinity River, Lake Worth,
Farmers Branch, and Kings Branch.
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1.2.5 Climatology/Meteorology

(s

NAS Fort Worth is located at approximately 32 degrees north latitude and 97 degrees
west longitude, in north-central Texas. The climate of the sites is typified by hot

summers and cool, relatively dry winters.

1.2.5.1 Precipitation

Mean annual precipitation is 31.6 inches, with the highest mean precipitation
occurring in April and May (3.8 and 4.4 inches), and in September and October (3.2
and 3.6 inches). Mean monthly precipitation amounts are lowest from November
through February (1.8 inches or less), and during August (1.9 inches). Most
precipitation occurs as rain; snowfall accounts for appreciable amounts of

precipitation only during the months of January and February.

1.2.5.2 Temperature

Historical meteorological data from NAS Fort Worth during the years 1942 through
1990 indicate the mean annual temperature is 66 degrees Fahrenheit (° F). Mean
monthly temperatures range from a high of 86° F (July) to a low of 45° F (January).
High and low extreme temperatures were 110 and 0° F, respectively, during the

record-keeping period.
1.2.5.3 Wind

During most of the year, the predominant wind direction is from the south at a speed
of 6 to 8 knots. Typically, the wind blows from the north only during December
through February, at a speed of 7 to 8 knots.

1.2.6 Biological Resources

The following sections describe the biological resources at NAS Fort Worth.

Final
I\CARSWELL\05G47900\WP:BK-FINAL\SEC] DOC 1/7/98 1-16 Recycled

Bl

Wi Al

( "w \



L

409 »

o)

1.2.6.1 Flora and Fauna

Because of the urban environmental setting, few natugal terrestrial and aquatic
communities exist at NAS Fort Worth. The richest ecdl-ogical community in the
immediate area exists in the riparian corridor along Meandering Road Creek, west of
Plant 4. At NAS Fort Worth, limited terrestrial and aquatic communities exist along
the shores of Lake Worth, the West Fork of the Trinity River, Kings Branch and

Farmers Branch.

Aquatic species observed in the West Fork of the Trinity include catfish, sunfish, and
numerous varieties of bass. Common birds observed in the area include herons,

kestrels, kingfishers, seagulls, mourning doves, meadowlarks, grackles, and starlings.

1.2.6.2 Threatened and Endangered Species

The U.S. Fish and Wildlife Service (FWS) and the Texas Department of Parks and
Wildlife (TDPW) have identified 12 bird, two reptile, and one sensitive plant species
that are threatened and endangered species potentially occurring in Tarrant County.
The two federal-listed candidate reptile species that could also inhabit Tarrant County
are the Texas horned lizard, which lives on grassy hillsides, and the Texas garter

snake, which inhabits prairie seeps and wet grassy swales.

However, no state- or federal-listed threatened or endangered species are known to
live on NAS Fort Worth property. The closest sensitive habitat to the sites is the great
blue heron rookeries to the north of NAS Fort Worth, across Lake Worth.

1.2.7 Cultural/Archaeological Resources

One historical structure listed in the National Register of Historic Places (NRHP)
exists within the boundaries of NAS Fort Worth. No significant archaeological or
prehistoric sites have been identified within the boundary of NAS Fort Worth.
Fossils are present in outcrops at NAS Fort Worth, but have not been identified as a
significant paleontological resource.
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1.3 PROJECT OBJECTIVES 5

s ::i

The objectives of the basewide background study are as follows: 5

¢ To obtain samples that are representative, to the degree possible, of background 2

concentrations. This may be difficult in the highly urban setting of NAS Fort =

Worth and because NAS Fort Worth is bounded on the west by Air Force Plant 4. -

¢ To establish background levels of metals in Terrace Alluvium groundwater, =

surface water, sediment, and soil. .

1.4 GENERAL APPROACH AND RATIONALE B
The approach and rationale for the background study at NAS Fort Worth were

developed to generate chemical compound constituent populations for pertinent =

media. The following discusses the approach and rationale used to select media and

chemical analyses.
1.4.1 Media Classification

The media selected for determining background concentrations are surface soils,

subsurface soils, the Terrace Alluvium aqulfer and surface water and sedlments of

ar un G-

the Farmers Branch. The surface and subsurface 50115 were de51gnated in the field as

Horizons A and B, respectively, for identification purposes and do not refer to soil

horizons used in the pedological classification system (U.S. Department of the

Interior {DOI] 1985). Although the Paluxy aquifer lies below the base, previous

IL:

investigations have not indicated any impact from past installation operations on this

aquifer.  Therefore, the Paluxy aguifer was not evaluated for background

concentrations.

Surface soils, Horizon A, are defined as the first-encountered soil type from the base

of surﬁclai vegetatlon to a depth of 2 feet This s01l type varies from a sandy clay to

clay w1th varymg amounts of 51lt and ﬁne subrounded gravei and is dark graylsh

“ g

| *’
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brown to dark gray in color. This soil type is ‘:?'le predominant surface soil at NAS
Fort Worth, and has been observed up to depths ;)f 4 feet below ground surface (bgs).
However, in some locations this soil type is not found on the surface because of

erosional effects and construction activities.

Subsurface soils, Horizon B, are defined as the second encountered soil type below
the organically rich surface soil. The subsurface soil is a sandy clay with varying
amounts of fine subrounded limestone clasts, reddish brown to strong brown. The -
thickness of this unit has been found to be from 5 to 15 feet across the base. Local
differences in depositional environments provide for a wide variety of soil types at the
base. Howevér, Horizon B is found to be predominant from below Horizon A to
within proximity of the groundwater capillary fringe in general. Sandy soils which
tend to be saturated, are found below the reddish brown to brown sandy clays. The
section of unsaturated sandy soils from the bottom of the Horizon B and the
groundwater is generally thin and subject to saturation; therefore, it was not included

in the background evaluation.

The Terrace Alluvium aquifer is found below the clay soils in coarser-grained sands
and gravels at various depths ranging from a few feet to 37 feet below the ground
surface. The depth to groundwater at the base is controlled by the depth of bedrock.
The Terrace Alluvium is included in the background evaluation because of the
widespread occurrence of Terrace Alluvium groundwater at NAS Fort Worth and the

potential for environmental impacts to the groundwater.

The Farmers Branch Creek surface water and sediments were selected for background
evaluation because the Farmers Branch is the only consistent upstream source flowing
onto the base. Quarterly groundwater monitoring for the Air Force Plant 4 facility
has shown that volatile organic compounds (VOCs) and semivolatile organic
compounds (SVOCs) are present in the Farmers Branch Creek at the base indicating

the potential for environmental impact.
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1.4.2 Chemical Analyses

All media were selected for metals, volatile compound, and semivolatile compound
analyses. Because many metals are naturally occurring in soils, groundwater, surface
water, and sediments in various concentrations, this study is concerned with the

background concentrations of these metals.

Volatile and semivolatile organic compounds were also analyzed for in all media
because of the urban setting of the base. Concentrations of volatiles and semivolatiles
have been detected in all media addressed in this background study. The organic
analyses performed will assist in determining whether samples may have been
affected by past activities at the installation. When organic compounds were detected
in a sample above the detection limits and unqualified, except for estimated qualifiers,
the sample results for metals were not included in the statistical determination of

background concentrations.

It is possible that samples could be impacted by metals without the presence of
orgaqic compounds. If this occurred in the data set, outlier tests determined whether

the result was an outlier, or whether the result could be included in the population.

Metals analyses were performed on two sets of Terrace Alluvium groundwater
samples. The first set of samples was collected using low-stress techniques, which
produced samples with approximately zero turbidity. The second set of groundwater
samples were collected using typical purgfng and bailer sampling techniques, which
produced samples with higher turbidity and typically higher metals concentrations.
The low-turbidity sample results were used to determine background concentrations
for metals for sampling efforts that may be performed in this fashion in the future.
The second set of sample results were used to determine background concentrations

for comparison with data collected previously using the same sampling methodology.
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1.4.3 Background Study 409 33

The analytical results were used to calculate Background concentrations for
24 inorganic constituents in each of six background populations. A total of 30 surface
soil, 30 subsurface soil, 12 groundwater samples (one low-volume sample and one
bailer sample per well), eight surface water, and eight stream sediment samples were
collected to characterize these media for background concentrations. The Tolerance
Interval (TI) method (U.S. Environmental Protection Agency [EPA] 1989, 1992) was -
used to estimate background concentrations in site media. The TI method is used to
estimate the concentration of a given constituent in a given medium and is expressed
as an appropriate upper tolerance limit (UTL) of the distribution of the constituent in

the background data population.

Section 4.0 discusses the process by which the UTLs were developed and reports the

results for each inorganic analyte by media.
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2.0 BACKGROUND SAMPLING PROGRAM
2.1 SAMPLING LOCATIONS

Sampling locations were chosen to represent background concentrations of selected
inorganics in the chosen media. Given the urban setting of the NAS Fort Worth,
locations for background sampling were somewhat limited. Soil sampling locations
were chosen away from known or suspected anthropogenic source areas, and based on
historical analytical data indicating the absence of contamination. Soil samples in the
housing areas were collected at least 100 feet from houses and at least 25 feet from
other painted surfaces (fire hydrants, playground equipment, curbs, etc.) to limit any
effect from lead based paint or other household derived substances. Groundwater
monitoring wells, existing and newly installed, were located up- and cross-gradient
from known source areas, and from wells that are known to contain volatile and
semivolatile compounds. Surface water and sediment sampling locations were
selected upstream on the Farmers Branch because this stream is the main surface

water source flowing onto the installation.
2.1.1 Soil Probes in Terrace AHuvium

Thirty-five soil probes were driven to collect samples in the Terrace Alluvium for
surface and subsurface soils (Horizons A and B). Locations were selected based on
the absence of potential source Areas. If poésible, ‘sarrrl.ples were collec’ted ét'both
depths at each location. Horizon A and B samples were not colocated for one or more

of the following reasons:

e Horizon A or B was not present.
e The sampling tool encountered shallow refusai.

e The possibility of influence from outside sources such as painted surfaces (lead)
was identified.
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Sample locations were adjusted from the planned locations described in the Work
Plan (Jacobs 1996a) according to field conditions and circumstances, but these
changes were minor. Plate 1 shows the locations of the so1l probes and the horizons

sampled at each location.

2.1.2 Terrace Alluvium Groundwater Sampling

Eight existing Terrace Alluvium groundwater monitoring wells were sampled. To
increase the total number of samples collected for the background population needed
to attain a reasonable level of confidence, four additional Terrace Alluvium wells
were constructed and sampled. Existing wells sampled were selected based on
historical analytical data indicating the absence of contamination. Newly constructed
monitoring well locations were chosen as upgradient or cross gradient from known
sources of contamination. The locations of both the existing and the recently
constructed wells are illustrated on Plate 2. Additionally, during the drilling activities
for the monitoring well construction, three dry boreholes were drilled. The locations

of the boreholes are also shown on Plate 2.
2.1.3 Surface Water and Sediment Sampling

Eight surface water and sediment sampling locations are shown in Figure 2-1. All
surface water locations selected were upstream from the base, had adequate sediment
for sampling, and were on public or city-owned property. The two different types of
samples are approx:mate]y colocated Sedxment sample locatlons were adjusted m
relation to thexr assoc1ated surface water sample locations to facnhtate the sample
collection procedure. Table 2-1 briefly describes each sample location. Appendix G

prroviwdrééwcolor photographs of locations JEFB001 through JEFB006 and JEFB0O0S.
2.2 SAMPLING AND DATA COLLECTION

Sampling and data collection activities were performed in accordance with the Work
Plan (Jacobs 1996a) and the Sampling and Analysis Plan (Jacobs 1996b) with minor
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TABLE 2-1 -
Surface Water and Sediment Sampling Locatlons

JEND 4Rl %ﬁ'ihlilli |

Approximate  Water Est’ill':awted
Location Channel Depth (gallons per Location Description
Width (feet) {feet) minute)
South-southeast of city well WS-12, approximately 75
JEFB001 40 1 150 feet downstream from railroad trestlie. Trash noted in

water and along bank. Sediment sample taken 8 feet

upstream. g

100 feet upstream from the White Settlement Road
JEFB002 40 0.4 150 bridge. Sediment collected from 8 feet upstream.
Strong organic decay odor.

East side of Minke Street bridge. Sediment collected 6
feet upstream. Sediment thickness was approximately E
0.7 feet thick on top of concrete bridge footing. Sample —
collected to 3-inch depth. Strong organic decay odor.

JEFB003 35 0.4 130

West side of Pemberton Street bridge. Water sampled
on the north side of the channel. Sediment sampled on
JEFBOC4 35 04 130 the south side of the channel. Sediment was
saturated, but not in active flow. Moderate organic
decay odor.

Linear Park just upstream from Las Vegas Trail. A =
JEFBOO05 35 1 130 small, dry tributary is located approximately 40 feet §
upstream. No odors detected.

West side of the Dale Street bridge on the Farmers
Branch Creek. Sediment samples were partially

JEFBCO6 40 11 130 saturated. No organic material noted. Sediment is
coarser grained than other sediment.
West side of Highway 820 bridge on northern tributary. -
50 Three main channeis present at this location. Oily
JEFBOO7 35 0.1 (all three  |sheen noted on standing water in the south channel.
channels} [North channel sampled. Higher content of iron and -
magnesium minerals than other sediment. '
West side of 820 bridge on the Farmers Branch. -
JEFBOCS 20 1.5 70 Sediment sampled contained approximately 25 percent '
fines. No organic odor noted. _
m
=
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variations. Surface soil, subsurface soil, Terrace Alluvium groundwater, surface
water, and sediment samples were collected to determine selected inorganic
constituent background concentrations in these media. Field activities are described

in the following sections.

2.2.1 Soil Probe and Borehole Logging

During soil probe and auger borehole drilling, the location of each borehole, sample
intervals, sample recovery, drilling information, and sample descriptions were

recorded on borehole logs (Appendix C).

Where soil core recoveries were adequate, in both soil probe and auger boreholes,
samples of unconsolidated soi‘Is were described continuously using the Unified Soil
Classification System according to the American Society for Testing and Materials
(AisTM) procedﬁre D2488-93 (ASTM 1996); VWVhen bedrock was encountered, the
lithology was described according to standard professional nomenclature

(Jacobs 1996b).
2.2.2 Soil Probe Sampling

Soil samples were collected at the locations illustrated on Plate | using a truck-
mounted soil probe rig. Soil samples were collected from soil probes for submittal to
EMAX Laboratories, Inc., to determine concentrations of metals and volatile and
semivolatile organic compounds. Drive probes were co;np]eted by hydraulically
pushing and hammeriri'g%'saih]ﬁlérrsﬁi'nto theground Two sizes of stzﬂnless steel
samplers were used: a 4-foot-long by 2-inch-diameter sampler and a 2-foot long by
1-inch-diameter sampler. Three-foot-long drive rods were added to the d:r'i?-vé-string as
necessary to reach the target depth for each probe. The entire depth of each soil probe
was sampled using the 4-foot-long sample barrel fitted with a plastic liner. The 4-foot
sampler was used to collect soil samples for semivolatile organic compounds and
metals analyses. After the total depth of each soil probe was reached, the 4-foot long
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sampler and drive rod were removed from the probe hole. The probing rig was

moved and a second probe was drilled using the 2-foot long sampler fitted with four
6-inch long stainless steel liners to collect volatile organic samples at discreet

intervals selected by using the previous continuous sampling information.

The entire length of the 4-foot sampler used to collect samples for semivolatile
organic and metals analyses was driven into the ground and then removed. The
plastic liner was removed from the sampler with the soil core inside the liner. The
soil was examined to determine thatt the Horizon A was interseeted. The soil
representing the Horizon A to the 2-foot depth was removed from the plastic liner,
logged, and placed into a stainless steel bowl. All surficial vegetation and roots were
discarded prior to composting the sample. In many drive probes, Horizon A was less
than 2 feet thick. In these cases, the Horizon A was collected to its total depth.
Additionally, the thickness of the Horizon A occasionally was not adequate to provide
enough sample volume for the analyses, and a second probe within 6 inches of the
ongmal was necessary to provide enough sample volume. After an adequate amount
of sample was collected, the soil was then mixed in the bowl, and large pieces of
gravel were removed. The soil samples collected for semivolatile organic compounds
and metals analyses were put in a single 8-ounce jar, labeled, and placed in an iced

cooler.

After the Horizon A soils were collected, the remaining core in the first 4 feet was

examme_d 1o determme whether the Horlzon B had been encountered. If Horizon B

had not been encountered, or there was not a sufficient amount of materlal for a
Horizon B sample, a second 4-foot-long sample probe was driven. If the Horizon B
was encountered in the soil probe, a soil sample was collected for semivolatile

organics and metals analyses as previously described.

The soil proﬁle mformatmn galned durlng the first soil probe was then used to

detennme sample depths for the volatlle organics sarnp!es The 2 foot sampler was
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driven to the top of the target interval and the conical tip of the sampler was retracted.
The sampler was then driven another 2 feet to collect the soil sample. The sampler
was removed from the soil probe. The stainless steel liners were then extracted from
the sampler and in most cases the second sample liner from the bottom was selected
as the sample. The second liner from the bottom was typically chosen because this
section of the sample is usually the least disturbed; the bottom liner often containing
sluff, and the upper two liners being subjected to more vibration and friction as the
sampler is advanced. The sample was evaluated for the presence of petroleum
hydrocarbons using a HNu PI-101 photoionization analyzer. Each end of the liner
was covered with a Teflon™ swatch, held in place by a tight-fitting plastic cap, and
sealed with Parafilm™. The sample was appropriately labeled and placed in an iced

cooler. Photographs in Appendix G show the soil probe activities.

Most soil probes were advanced to a depth between 4 and 8 feet; however, in the

southern portion of the Wherry Housing area, refusal was met at shallow depths at

soil probe locations. Additionally, soil probe BJETAS517 was advanced to a total

depth of 24 feet to investigate the potential for groundwater on the south side of the
Carswell Golf Course. Soil probe total depths, sample depths, and horizons sampled

are depicted in Table 2-2.
2.2.3 Terrace Alluvium Groundwater Monitoring Well Installation

Four Terrace Alluvium groundwater monitoring wells were installed to augment the
eight existing wells on NAS Fort Worth for background sampling. These wells,
WIETAS30, WIETAS531, WIETAS34, and WIETAS35, were installed in the Wherry
Housing Area near the school as depicted on Plate 2. It should be noted that these
wells were not collocated with the BJETA boreholes of the same identification
number. Three boreholes, BJETAS507, BJETAS535, and BJETAS536, were dry as
drilled and were not completed as monitoring wells. BJETA507 and BJETAS535 are

colocated with soil probes, and are continuations of those probes. BJETA536 was
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TABLE 2-2
Soil Probe Information
NAS Fort Worth Background Study

Sample Depth (feet)
Horizon A Horizon B
Soil Probe Total Horizon A Volatile Semivolatile Horizon B Volatile Semivolatile
Identification Depth Compounds Compounds and Compounds Compounds and

Metals Metals
BJETA 501 5.0 0.5-1.0 0.0-1.0 35-4.0 35-40
BJETA 502 4.0 0.5-1.0 0.0-1.0 25-3.0 3.0-4.0
BJETA 503 40 0.56-1.0 0.0-1.0 25-3.0 3.0-4.0
BJETA 504 4.0 0.5-1.0 0.0-1.0 25-30 3.0-4.0
BJETA 505 80 0.5-1.0 0.0-1.0 45-50 3.5-45
BJETA 508 8.0 0.5-1.0 0.0-1.0 45-5.0 4.0-50
BJETA 507 8.0 25-3.0 1.6-3.5 70-7.5 60-80
BJETA 508 2.3 0.5-1.0 0.0-1.0 Not Sampled
BJETA 509 4.0 10-15 0.0-2.0 25-3.0 225-34
BJETA 510 3.4 0.5-1.0 0.0-20 25-3.0 20-30
BJETA 511 8.0 10-15 0.0-2.0 55-6.0 50-70
BJETA 512 10.5 10-15 0.0-1.5 50-55 4.5-55
BJETA 513 6.0 Not Sampled 3.0-4.0 20-40
BJETA 514 8.0 1.0-15 | 0.0-20 50-5.5 4.0-6.0
BJETA 515 50 Not Sampled 20-25 2.0-30
BJETA 516 4.0 1.0-156 00-20 Not Sampled
BJETA 517 24.0 05-10 0.0-1.0 10-1.5 2.0-40
BJETA 518 4.0 05-1.0 00-10 3.0-35 20-40
BJETA 519 4.0 0.5-1.0 00-1.5 30-35 2.0-40
BJETA 520 8.0 1.0-15 00-20 70-75 6.0-80
BJETA 521 4.0 0.5-1.0 00-1.0 30-35 20-40
BJETA 522 16.0 1.0-1.5 0.0-2.0 40-45 40-50
BJETA 523 9.0 1.0-15 0.0-15 75-8.0 7.0-8.0
BJETA 524 8.0 1.0-15 0.0-2.0 6.0-6.5 6.0-7.0
BJETA 525 5.0 Not Sampled 35-40 3.0-4.0
BJETA 526 50 7 Not Sampled 3.5-4.0 3.0-4.0
BJETA 527 4.0 0.5-1.0 0.0-1.0 3.0-35 3.0-4.0
BJETA 528 4.0 0.0-0.5 0.0-0.5 15-2.0 1.5-20
BJETA 529 40 Not Sampled 3.0-35 30-4.0
BJETA 530 4.0 0.0-05 0.0-05 15-20 1.5-2.0
BJETA 531 4.0 0.0-0.5 0.0-0.5 15-20 15-20
BJETA 532 4.0 0.0-0.5 0.0-05 15-20 15-20
BJETA 533 4.0 0.0-05 0.0-05 Not Sampled
BJETA 534 4.5 3.0-35 3.0-40 Not Sampled
BJETA 535 25.0 3.0-35 30-40 Not Sampled
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drilled between the active runway and the parallel ta:xiway (running north-south), and
between taxiway C, and D (running roughly east-west) also shown on Plate 2. After
the full depth of the dry boreholes was reached, the"borehole was abandoned by
pumping a bentonite-cement grout from the bottom of the hole to the ground surface.
After 24 hours, each abandoned borehole was checked for settlement of the grout. If

the grout had settled, additional material was added to the surface.

Each well and dry borehole location was initially drilled with 3.25-inch inside
diameter by 6.6-inch outside diameter hollow-stem augers. During drilling a 3-inch
inside diameter by 5-foot-long split-barrel sampler was advanced along with the auger
to continuously collect soil core. Boreholes completed as monitoring wells were
drilled to the top of the Goodland Formation and typically terminated in the first
competent limestone unit encountered. Boreholes that were completed as monitoring
wells were reamed using 6.25-inch inside diameter by 9.6-inch outside diameter
augers to facilitate placement of well construction materials through the annulus of
the auger. After reaching the full depth, 2-inch diameter, 0.020-inch slotted well

screen and solid casing were placed in the annulus of the auger.

Sand was then placed through the annulus of the auger from the bottom of the
borehole to a depth of approximately 2 feet above the top of the screen. In
monitoring wells WIETAS530 and WJETAS531, a 20/40 graded sand was used, and in
wells WIETAS34 and WIETAS35, a 16/30 graded sand was used. As the sand was
placed, measurements were made as the auger was being removed to ensure the sand
was not bridging and that the material was always in the auger annulus to reduce void
development. After the sand was placed, the well was surged for 10 minutes to
compact the sand pack and eliminate any possible bridging. The top of the sand level

was measured after surging and more sand was added as necessary.

After the sand pack was placed, a 2-foot bentonite seal was installed by placing 0.25-

to 0.5-inch bentonite pellets through the auger annulus. The bentonite was hydrated
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and a bentonite-cement grout was pumped from the top of the seal to the surface. To
complete the well construction, flush-type vault boxes were installed in a 3-foot by
3-foot by 4-inch concrete pad at the surface. Appendix D presents well construction
diagrams, showing the details of each well constructed. Additionally, photographs of

the drilling and the well installation process are provided in Appendix G.
2.2.4 Monitoring Well Development

Well development was initiated within approximately 24 hours after well completion.

Wells were developed using a Teflon™ bailer and a Grundfos® Rediflo II pump.

overpumping the Grundfos® Rediflo Il pump was used to continuously and alternately
surge the well by running the pump up and d0v§n the entire length of screen with the
pump on and off respectively. In this fashion the entire length of screen was
developed. All of the wells developed a cone of depression during overpumping;
therefore, the section of screen that was unsaturated due to the cone of depression
could not be subjected to the same development flows as the saturated length of

screen.

With one exception, well development continued on each well until the following

criteria were met:

e The sediment content of the water was less than 0.75 mL/L, as measured in an
Imhoff cone according to Method E160.5.

¢ The turbidity remained within a 10 nephelometric turbidity unit range for at least
30 minutes.

e The stabilization criteria for pH, temperature, and conductivity were met.
(Stabilization is defined as temperature plus or minus [+] 1° C, pH + 0.1, and
conductivity =+ 5 percent).

Turbidity in well WIETAS35 did not stabilize to within 10 nephelometric units for at

least 30 minutes; however, the turbidity dropped rapidly during the last three
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parameter measurements. The water was clear and maintaining water in the well at
development flow rates was becoming difficult. Because the cone of depression had
developed nearly to the pump inlet and all parameter results, except for turbidity,

were within specifications, development was terminated.

The results from the well development activities are detailed in the Monitoring Well

Development Records presented in Appendix D.
2.2.5 Groundwater Sampling

Groundwater was sampled using two methods. The first method employed was a
low-stress sampling protocol _for the collection of groundwater for metals analysis.
The second method employed was to rapidly purge three well volumes of water from
the well and complete the sampling using a bailer to collect groundwater samples for
analyses of metals and volatile and semivolatile organic compounds. Both methods
were used to collect samples that could be used to generate background information.
The bailer sampling method has been used extensively in the past at The base.
Background information generated using the bailer sampling method will be useful in
determining the disposition of sites investigated and monitored using the bailer
method. Future sampling at NAS Fort Worth may evolve to the low-stress method.
The background information gathered using the low-stress method will then be useful

for future activities. Groundwater sampling data sheets are presented in Appendix D.

2.2.5.1 Low-Stress Aquifer Sampling

The EPA guidance for low-stress sampling described in the April 1996 publication,
Ground Water Issue (EPA 1996) was followed to sample groundwater at each
selected well. In general a peristaltic or bladder pump was used to perform the low-
stress purging. Because of ease of use, the peristaltic pump was the preferred method
of low-stress sampling, however a peristaltic pump cannot raise water greater than

approximately 27 feet. When groundwater in a well was greater than 27 feet below
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ground surface a bladder pump was utilized. The two different low-stress methods

should have no effect on sample representativeness.

Before inserting any equipment into the well, the groundwater level was measured
with an electronic sounding device. To minimize disturbances in the well, a total
depth measurement was not taken before initiating the low-stress sampling procedure.
The water level measuring device was then left in the well to collect draw down

information during purging.

The peristaltic pump was fitted with 0.1925-inch inside diameter by 0.3915-inch
outside diameter medical-gfade silicone tubing at the roller section of the pump. The
medical-grade tubing was connected to 3/16-inch inside diameter by 5/16-inch
outside diameter Tygon- 2275 h-i-gh-p-urit_ywtilbing using a polyethylene tapered end
connector. The Tygon 2275 high-purity tubing was used in the well and was
weighted using a series of stainless steel washers and nuts threaded onto the end of
the tubing. Before Jowering the tubing into the well, the target sampling depth was
determined and the appropriate length of tubing was measured. The tubing was then
lowered slowly and careful'ly into the well to the target depth and secured at the
surface with nylon cable ties. The pump was then turned on, and the purging and

sampling process was started as subsequently described.

The bladder pump was constructed of polyvinyl chloride (PVC) and was fitted with
polyethylene tubing using compression fitting where necessary. The bladder itself
was made of Teflon™, which aided decontamination procedures. The appropriate
length of tubing was measured before inserting the pump into the well. The pump
was slowly and carefully lowered to the target depth. An oiless air compressor was
used to supply compressed air to the pump. Power was supplied by a 12-volt

automotive battery.

After the pump inlets were placed at the target depth (the middle of the saturated

screened section), the pump was turned on and the flow rate was adjusted. Flow rates
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for purging were generally set at approximately 200 milliliters per minute (mL/min)
for the peristaltic pump and 700 mL/min for the bladder pump. Purge rates were
dictated primarily by the amount of drawdown observed in each well. Drawdown
was not allowed to exceed 0.31 foot. While purging was being performed,
groundwater quality parameters were collected using a Horiba Water Checker U-10.
The parameters of pH, temperature, conductivity, dissolved oxygen, and turbidity
were measured. Samples were collected after these parameters stabilized as defined

by the following:

The temperature did not vary more than + 1 degree Celsius.

The pH did not vary more than + 0.1 units.

e Conductivity did not vary more than + 5 percent.

These results are presented in Table 2-3. Samples were collected through the tubing
end at the surface by decreasing the pumping rate to less than 100 milliliters per
minute. Then the sampler filled sample bottles from the tubing, being careful to
minimize sample disturbance. Photog-faphs in A-ppen&'ix G illustrate the low-stress

groundwater sampling set up.

2.2.5.2 Sampling Groundwater Using Bailer Technique

After collecting the water samples using the low-stress procedure, the pump was
removed from the well, and a total depth of the well was measured using the same
sounding device used for groundwater level measurements. The casing volume was
calculated to determine the .prroper purge‘vfoilgme. Three casing volumes of water
were then removed from the well using a dedicated tri-loc pump in wells HM-120 and
HM-127, and a Teflon™ bailer for the remaining wells. After each purge volume was
removed, groundwater quality measurements were collected as previously described.
When three casing volumes had been removed and the water quality parameters
stabilized, samples were collected for analyses of metals and volatile and semivolatile

organic compounds according to procedures detailed in the Sampling and Analysis
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Plan (Jacobs 1996b). Field parametver measurements for biéiler—collected samples are

given in Table 2-4.
2.2.6 Surface Water Sampling

Surface water samples were collected following the procedures in the Sampling and
Analysis Plan (Jacobs 1996b). Surface water samples were collected starting at
location JEFBO0O1 (Figure 2-1) and working upstream. Samples were collected from
the stream bank, or by approaching the sampling location from downstream in
situations where the sampler needed to enter the stream. Water was collected in a
polypropylene beaker and transferred to the appropriate sample bottles. Additional
water was collected to take water quality parameters of pH, temperature, conductivity,
dissolved oxygen, and turbidity. Water quality parameter results are recorded on the
surface water sampling data sheets presented in Appendix E. Samples were
submitted to the laboratory for analyses of metals and volatile and semivolatile

organic compounds.
2.2.7 Sediment Sampling

Sediment sampling was performed in accordance with the Sampling and Analysis
Plan (Jacobs 1996b), except as noted. Sediment samples were collected using a
stainless steel spoon as a dredge. Sediment samples were collected after surface
water samples were collected, approximately 8 feet upstream from each surface water
sample location. Sediment samples were submitted to the laboratory for analyses of
vo]atilé and semivolatile organic compound.s and metals, .The sediment samples
collected are described in detail on the surface water sampling data sheets in

Appendix E.
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2.3 CHEMICAL ANALYSES o

Samples of soil, groundwater, surface water, and sediment were analyzed to provide
data for characterization of background concentrations of selected inorganics at NAS

Fort Worth.
2.3.1 Metals

Metals analyses have been included in the background study analytes because some
metals releases may have occurred on the installation and metals are naturally
occurring in soils. The development of background concentrations will be useful in
determining the disposition of areas of concern. Metals included in the background

study are presented in Table 2-5.
2.3.2 Volatile and Semivolatile Organic Compound Analyses

Volatile and semivolatile organic compounds are included in the background study
analyte list but are not intended to be used in determining background concentrations.
Volatiles and semivolatiles organics are included as an indicator for potential impacts
on a sample location due to previous site activities. The results of these analyses will
be used to determine whether locations are suitable for obtaining background
concentrations of metals. Table 2-5 provides a complete list of the analytes for these

analyses.
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Metals Analytes
Method Analyte Method
SW6E010A Aluminum SWB240
SW7041 Antimony
SW6E010A Arsenic
Barium
Beryllium
Cadmium
Calcium
Chromium
Cobalt
Copper
iron
Lead
Magnesium
Manganese
SW7471 Mercury
SW6E010A Molybdenum
SW7520 Nickel
SW6E010A Potassium
SW7740 Selenium
SW7760 Silver
SW6E010A Sodium
SW6E010A Thallium
SWB010A Vanadium
SWGE010A 2inc

409 93

- TABLE 2-5

Background Soils, Groundwater, Surface Water,
and Sediment Analytical Parameters

Volatile Organic Compounds Analytes

Method
SW8240

Analyte

1,1,1-TCA
1.1,2,2-Tetrachloroethane
1,1,2-TCA

1,1-DCA

1,1-DCE

INCARSWELL\05G47900\WP\BK-FinaNTABLE2-5.XLS 1/7/58 2-18

Volatile Organic Compounds Analytes

(continued)

Analyte
1,2,3-Trichioropropane
Bromomethane

Carbon Disulfide
Carbon Tetrachloride
Chlorobenzene
Chloroethane
Chloroform
Chiloromethane
Cis-1,2-DCE
Cis-1,3-Dichioropropene
Dibromochioromethane
Ethylbenzene
Methylene Chloride
Styrene

TCE
Tetrachioroethylene
Toluene

Trans-1,2-DCE
Trans-1,3-Dichioropropene
Vinyl Acetate

Vinyl Chloride

Xylenes (total all isomers)
1,2-DCA |
1.2-Dichloropropane
2-Butanone

'2-Chloroethy! Vinyl Ether

2-Hexanone
4-Methyl-2-Pentanone
Acetone

Benzene
Bromodichioromethane
Bromoform
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Method
SwW8B270

TABLE 2-5

94

Background Soils, Groundwater, Surface Water,
and Sediment Analytical Parameters

Semivolatile Compounds Analyte List

Analyte Method

1,2,4-Trichlorobenzene SWe270

1,2-DCB

1,3-DCB

1,4-DCB

2,4-DNT

2,6-DNT
2-Chloronaphthalene
2-Methylnaphthalene
2-Nitroaniline

3-Nitroaniline
3,3'-Dichlorobenzidine
4-Bromophenyl phenyl ether
4-Chleroaniline
4-Chlecrophenyl phenyl ether
4-Nitroaniline
Acenaphthylene
Acenaphthene

Anthracene

Benz (a) anthracene

Benzo (a) pyrene

Benzo (b) fluoranthene
Benzo (g.h,i) perylene
Benzy! alcohol

Bis (2-chloroethoxy} methane
Bis (2-chloroethyl) ether

Bis (2-chloroisopropyl) ether
Bis (2-ethyihexyl) phthalate
Butyl benzylphthalate
Chrysene
Di-n-butylphthalate
Di-n-octylphthalate

Dibenz (a,h) anthracene

I\CARSWELL\05GATS00\WP\BK-Final\TABLE2-5.XLS 1/7/98 2-19

Analyte

Dibenzofuran

Diethyl phthalate
Dimethly phthalate
Fluoranthene

Fluorene
Hexachlorobenzene
Hexachlorobutadiene
Hexachlorocyclopentadiene
Hexachloroethane
Indeno (1,2,3-cd) pyrene
Isophorone
n-Nitrosodiphenylamine
n-Nitrosodi-n-propylamine
Naphthalene
Nitrobenzene
Phenanthrene

Pyrene
2,4,5-Trichloropheno]
2,4 ,6-Trichlorophenol
2,4-Dichlorophenot
2,4-Dimethylphenol
2,4-Dinitrophenol
2-Chlorophenol
2-Methylphenol
2-Nitrophenol
4,6-Dinitro-2-methylphenol
4-Chloro-3-methylphenol
4-Methylphenol
4-Nitrophenol

Benzoic acid
Pentachlorophenol
Phenol

Page 2 of 2
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108 57
3.0 DATA QUALITY

This section summarizes the quality of analytical data produced by the project.
Definitive data were produced through the documented and approved methods
described in the Sampling and Analysis Plan (Jacobs 1996b). The data are in the
following eight data packages, or s_amplg delivery groups _(SDGS), prqdi}ced by
EMAX Laboratories, Torrance, Calirfr'omia.r The éample locations incltiliciéa ﬁini;ach

data package are listed in Appendix A.

96K 042 96K 047
96K 088 96K 097
96K 120 _ 961032
96L039 96L051

Cumulatively, the packages listed above consisted of over 100 environmenta] samples
and their associated quality control (QC) samples. The analytical data are compared
with the original sampling objectives in Table 3-1. Such a comparison allows a
measure of completeness, a fundamental data quality objective (DQO) of the project

(greater than [>] 90 percent for solid matrices and >95 percent for waters).

The samples were collected at NAS Fort Worth from 8 November to 16 December
1996 and shipped to EMAX Laboratories for the following contaminant analyses

(methods):

e VOCs: U.S. Environmental Protection Agency (EPA) method 8240B;
e SVQOCs: EPA method 8270A; and
» metals: EPA method 6010A and selected 7000 series.

Data supplied in a combination of hard copy and digital files, which make up the total

data package, were compared against the following data validation criteria:
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Accuracy
calibrations -- initial and continuing;
surrogates;
Laboratory Control Samples/Spikes (LCS);
matrix spikes (MS);
retention times;
Relative Response Factors (RRFs);
Relative Standard Deviation (%RSD);
blanks (method, ambient, equipment, trip);
gas chromatograph (GC) confirmation;
tune criteria (GC/mass spectrometer),
Internal Standards (GC/MS), and
interference check standards (Inductively Coupled Plasma {ICP]).

Precision
LCS duplicates (LCSD);
MS duplicates (MSD); and
field duplicates.

Representativeness
sample chain of custody; and

holding times and preservation.

Comparability
standard operating procedures (SOPs); and

established analytical methods.

Completeness
samples (environmental, QC); and

data packages (forms, runlogs, extraction logs, etc.).

The criteria listed above are derived from the project-specific Sampling and Analysis

Plan (Jacobs 1996b) and EPA National Functional Guidelines (EPA 1994a, b).
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“Control limits” and “tolerances” generically referenced throughout this section are
found in Section 7.0 of the Sampling and Analysis Plan. The validation criteria used
for evaluating this package were consistent with EPA Level 1T quality requirements.
Where applicable, the criteria were evaluated with respect to frequency and
acceptability of the test measures. The qualifiers used to ﬂag data in the referenced
data packages are defined in the Sampling and Analysis Plan. Checklists were
completed and compiled with the data package hardcopies to document details of the

validation process.

The data quality is categorized and discussed by the type of analytical method.
General quality issues are addressed, with references to specific data packages,
samples, and analytes as needed. Details of the data validation process are
summarized; checklists were uséd in the validation process to ensure that all
applicable criteria were addressed. For the affected sample/analyte records,
validation qualifiers are assigned (or “flagged”) in the digital data file within the
“Validation Code” field. This method of assignment ensures that subsequent data
users are aware of the data’s limitations. Several types of backup quality records are
available for further reference, including checklists used for validation, digital data,

and the data packages themselves.

All reported data within this package should be considered valid and usable for the
NAS Fort Worth project, with the qualifications described in the body of this report,

and the specific qualifiers applied within the digital data files.
3.1 VOLATILE ORGANIC COMPOUNDS

The following sections describe the data validation results for VOCs analyzed by
EPA methods 5030A/8240B.
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3.1.1 Accuracy 409 61

Calibrations were performed at the required frequencies and with the required
standards for all organic analyses. Initial calibrations were established with five-point
curves, with tuning (ion abundance criteria via bromofluorobenzene [BFB]) and
continuing calibrations implemented every 12 hours. The initial and continuing
calibrations performed were adequate based on percent relative standard deviation

and percent recovery values within the tolerances.

In general, LCS values were adequate based on percent recoveries within QC
tolerances. The primary reason for unacceptable LCS values was when the percent
recovery was above the upper control limit, which causes an estimate qualification
(“I’") of the related data. LCS séini.'p'les with recovery limits below the lower

acceptable threshold cause rejection of associated nondetected values.

For VOC’s vinyl acetate was the only compound with recovery values less than its
lower control limit. Four analytical batches (VOL0502, VOL2302, VOL2402, and
VOL2802) had low vinyl acetate recoveries in the LCS/LCD analysis. Any non
detect value for vinyl acetate in the samples associated With these four batches are ‘R’
flagged. The laboratory ran two LCS samples (LCS/LCD) with each batch, the
AFCEE QAPP only requires one LCS per batch. Vinyl acetate was qualified if either
the LCS or the LCD was below QC recovery limits. Two water samples are
associated with batch VOL0502 in SDG 96K 120, all eleven water samples in SDG
96L032 and three water in SDG 96L039 are associated with batch VOL2302.
Thirteen soil samples from SDG 961.039 are associated with batch VOL2402, and

twelve water samples from SDG 961051 are associated with batch VOL2802.

Most surrogate recoveries (also known as system monitoring compounds) were
within control limits based on percent recovery values. Surrogate compounds
consisted of 1,2 dichloroethane-d4, bromofluorobenzene, and toluene-d8§. If a
samples had high surrogate recoveries only positive results are ‘J> qualified. When a
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sample had low surrogate recé\}éxiies the non detected values are ‘R’ qualified along
with the ‘J* qualified positive results. The laboratory re-analyzed any sample that had
low surrogate recoveries. There were three samples that had low
bromofluorobenzene recoveries on both analysis. This low BFB recovery can be due
to a matrix effect in the sample. Following the validation criteria for inadequate
surrogate recoveries, all non detect results are ‘R’ flagged in the following soil

samples (“S” for soil/sediment, “W” for water):

CR-A152101 (S) CR-A152601 (S) CR-A153601 (S)
"CR-A151901 (S) CR-A152101 (S) CR-A152401 (S)
 CR-A160701 (W)  CR-AI60001 (W) CR-A152601 (S)
CR-A152901 (S) CR-A153007 (S) CR-A153601 (S)

CR-A153501 (S)

The majority of matrix spike samples, which are used to reflect bias due to matrix
effecté, were within speciﬁed QC tolerances. However, many;bf the corﬁpouﬁdé were
qualified with “M”, signifying matrix effects based on unacceptable percent recovery
(accuracy) values. Compounds most commonly exhibiting matrix effects included
2-chloroethyl vinyl ether and vinyl acetate, though several other compounds were
ﬂagged as out of tolerance in both solid and water matrices. Individual records are

flagged in the digital file and on hardcopy outputs from the digital files.

Internal standards, consisting of bromochloromethane, 1,4-difluorobenzene (DFB),
and chlorobenzene-d5 (CBZ) were included at the appropriate frequencies and were

within acceptable limits.

Trace levels of various analytes, especially methylene chloride (a common laboratory
contaminant), were detected in blank samples, but were typically below their
respective PQLs. All environmental samples associated with blank contamination

were qualified accordingly (“B™) in the validation qualifier field, except where higher
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priority qualifiers were assigned, for example “F” An assignment of “F” indicates
that the analyte of concern was between the method detection limit (MDL) and the
practical quantitation limit (PQL). Laboratory, equipment, trip, and ambient blanks

were analyzed and are discussed below.

3.1.2 Precision

Precision results were determined by LCS/LCSD, MS/MSD and field duplicate
values, where all input values are calculated and compared against relative percent
difference (RPD) tolerances. Compounds outside of LCS/LCSD control limits were
qualified as “J” (estimated), whereas those outside the MS/MSD limits were qualified
as “M” (estimated value due to matrix effects on measurement of the compound). No

compounds outside the RPD limits for field duplicates were noted.
3.1.3 Representativeness

Chain of custody was intact for all samples based on completed custody forms and
tamper seals on shipping containers. Preservation and analysis were satisfactory with
respect to required holding times. Sample locations were in accordance with the
project-specific Sampling and Analysis Plan and associated standard operating
procedures (Jacobs 1996b). Therefore, samples are representative of the media and

locations described in the Sampling and Analysis Plan.
3.1.4 Completeness

Based on the data rejected due to LCS and surrogate results below lower control
limits (all nondetects), the data set completeness for VOCs in water media is

98 percent and for soil and sediments it is 96 percent complete.

Although one ambient blank QC sample was collected where two were planned, the

disparity does not affect data use. Equipment rinsate blanks may also be used to
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imply cross-contamination at ambient conditions. All samples affected by blank
contamination were qualified with a “B”, as discussed in Section 3.1.1. No
detrimental trends were noted with respect to potential cross-contamination between

equipment and samples.

Quality records produced from this analytical method are 1n the data packages (the
SDGs) and provide adequate documentation for the validation process described. The

records are complete with respect to the validation criteria.

3.1.5 Sensitivity

Reporting limits were at or below the required PQLs listed in the project-specific
Sampling and Analysis Plan (Jacobs 1996b), except for total xylenes. The
requirement in the Sampling and Analysis Plan is 5 parts per billion (ppb), whereas
laboratory PQLs list 5 ppb for o-Xylene and 10 ppb for m/p-Xylenes. Detection
limits are a function of the moisture content of soils and sediments. Detection limits

can also be raised because of sample dilution.

3.2 SEMIVOLATILE ORGANIC COMPOUNDS

The following section discusses data validation of SVOCS by VEPA method
3520B/8270B.

3.2.1 Accuracy

Calibrations were performed at the required frequencies and with the required

standards for all organic analyses. Initial calibrations were established with five-point
curves, with tuning (ion abundance criteria via decafluorotriphenylphosphine
[DFTPP)) and continuing calibrations implemented every 12 hours. The imtial and
continuing calibrations performed were adequate based on percent relative standard

deviation and percent recovery values within the tolerances.
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In general, LCS values were adequate based on percent recoveries within QC
tolerances. LCS samples were spiked with all SVOC analytes of interest. The
primary reason for unacceptable LCS values was when the percent recovery was
above the upper control limit, which causes an estimate (“J”) qualification of the
related data. Those LCS samples with recovery limits below the lower acceptable
threshold cause rejection of associated nondetect values. For SVOCs, the following
compounds in the associated environmental samples (i.e., in the same SDG) were

rejected (qualified with “R”):

Benzoic acid 96K 120, 96K 088, 96K 097, 96K047, 96K 042, 961.051
Hexachlorocyclopentadiene same as above

Nitrobenzene _ 96K120

2-Chloronaphthalene 96K 042

Most surrogate recoveries were within control limits based on percent recovery
values. Surrogate compounds consisted of 2,4,6-tribromophenol, 2-fluorobiphenyl,
2-fluorophenol, nitrobenzene-d5, phenol-dS, and terphenyl-d14. Based on inadequate
recovery of at least one of the above-listed surrogates (i.e., surrogate recovery below
the lower control limit), nondetected compounds within sample CR-A160206 (water)

are rejected.

The majority of matrix spike samples, which are used to reflect bias due to matrix
effects, were within specified QC tolerances. However, some of the compounds were
qualified with “M”, signifying some matrix effects based on relative percent
difference (precision) values. A variety of semivolatile organic compounds exhibit
matrix effects in both solid and liquid media. Individual records are flagged in the
digital file and on hardcopy outputs from the digital files. MS samples were spiked

with all SVOC analytes of interest.
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Internal  standards, consisting of 1,4-dichlorobenzene-d4, naphthalene-d8,
acenaphthene-d10, phenanthrene-d10, chrysene-d12, and perylene-d12 were included

at the appropriate frequencies (every sample) and were within acceptable limits.

Various phthalates were detected in several blank samples, but were typically below
or only slightly above their respective PQLs. Note that phthalates are typically
characterized as common laboratory contaminants, and would not be considered
“real” contaminant detections unless real sample values exceeded 10 t__ime_s_ that
concentration in the blank. All real samples associated with blank contamination
were qualified accordingly (“B”) in the Validation Qualifier field, except where
higher priority qualifiers were applied instead of “B” (such as “F”, which indicates

that the analyte of concern was between the MDL and the PQL).
3.2.2 Precision

Precision results were determined by LCS/LCSD, MS/MS, and field duplicate values,
where all input values are calculated and compared against relative percent difference
(RPD) tolerances. Compounds outside the LCS/LCSD control limits were qualified
as “J” (estimated), whereas those outside of MS/MSD limits were qualified as “M”
(estimated value due to matrix effects on measurement of the compound). No

compounds outside the RPD limits for field duplicates were noted.
3.2.3 Representativeness

Chain of custody was maintained for all samples based on completed custody forms
and tamper seals on shipping containers. Preservation and analysis were satisfactory
with respect to required holding times. Sample locations were in accordance with the
project-specific Sampling and Analysis Plan and associated standard operating
procedures (Jacobs 1996b). Therefore, samples are representative of the media and

locations described in the Sampling and Analysis Plan.
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3.2.4 Completeness

Based on estimates of the data rejected due to LCS and surrogate recoveries below
lower control limits (all nondetects), the data set completeness for SVOCs in water
media is approximately 90 percent and for soil and sediments, it is approximately
95 percent. The completeness percentage for water media is slightly below the
project’s DQO of >95 percent, but should not affect the conclusions given the

preponderance of nondetects in the remainder of the data set.

Quality records produced from this analytical method(s) are in the data package, and
provide adequate documentation for the validation process. The records are complete

with respect to the validation criteria.
3.2.5 Sensitivity

Reporting limits were at or below the required PQLs listed in the project-specific
Sampling and Analysis Plan (Jacobs 1996b). High moisture contents in soils or

sediments can raise detection limits, as can elevated dilution factors.
3.3 METALS

The metals addressed in this section include the general suite of metals analyzed by
the EPA method 6010A (ICP), a 6010A Trace method for lower detection limits of
selected metals, and metals analyzed through the Gas Furnace Atomic Absorption
(GFAA) technique: 7041 (antimony), 7471 (mercury), 7520 (nickel), 7740
(selenium), and 7760 (silver). These techniques are typically used instead of the

6010A method to achieve lower detection limits for the metals of interest.
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3.3.1 Accuracy

Based on the standard calibration records and Analysis Run Logs, initial and
continuing calibrations were performed at satisfactory frequencies and with

acceptable results.

In general, LCS values were adequate based on percent recoveries within QC
tolerances (80 to 120 percent). The primary reason for unacceptable LCS values was
percent recovery above the upper control limit, which only causes an estimate (“J”)
qualification of the related data. Those LCS samples with recovery limits below the
lower acceptable threshold caused rejection of associated nondetect values (12 lead

results in SDG 96L051).

MS samples, which are used to reflect bias due to matrix effects, were also within the
same specified QC tolerances. Several RPD values that were out-of-control (i.e.,
exceeding the blank acceptance criteria) were with samples containing significantly
more of the analyte(s) than the spiked amount (environmental sample concentration

greater than four times the spike concentration).

Interference check standards (ICS) were performed at appropriate frequencies, at the

begimiihg and end of each analyticél sequence, and were within acceptable limits.

Trace levels of various metals were detected in blank samples, but were typically

below their respective PQLs. All real samples associated with blank contamination
were qualified accordingly (“B”) in the Validation Qualifier field, except where
higher priority qualifiers were applied instead of “B” (such as “F”, which indicates
that the analyte of concern was between the MDL and the PQL). The most frequent

metal exceeding PQLs in blank samples was sodium.

Serial dilutions were performed and, where results were unacceptable, post-analysis

spikes were performed. The following elements, with their associated data packages,
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were considered estimates (qualified “J”) as a result of both serial dilutions and post-

analysis spikes being out of control:

calcium, iron (soils only)}—96K042;
calcium, iron (soils only}—96K047; and
calcium, lead (soils only)—96K097.

3.3;2 Precision

Precision results were determined by LCS/LCSD, MS/MS and field duplicate values,
where all input values are calculated and compared against relative percent difference
(RPD) tolerances. Compounds ohtside of LCS/LCSD control limits were qualified as
“I” (estimated), whereas those outside of MS/MSD limits were qualified as “M”
(estimated value due to matrix effects on measurement of the compound).
Compounds outside the RPD limits for field duplicates are qualified as estimates (“J")

for detects, but nondetects are rejected (qualified with “R”).
3.3.3 Representativeness

Chain of custody was maintained for all samples based on completed custody forms
and tamper seals on shipping containers. Preservation and analyses were satisfactory
with respect to required holding times. Sample locations were in accordance with the
project-specific Sampling and Analysis Plan and associated standard operating
procedures (Jacobs 1996b). Therefore, samples are, representative of the media and

locations described in the Sampling and Analysis Plan.

3.3.4 Completeness

Based on estimates of the data rejected due to LCS and precision measurements (field
duplicate relative percent difference values) exceeding control limits (all nondetects),

the data set completeness for metals in water media is approximately 96 percent and
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for soil and sediments approximately 96 percent. These completeness percentages

comply with the project’s DQOs of >95 percent and >90 percent for waters and soil

and sediments, respectively.

Quality records produced from the stated analytical method (s) are contained within
the data package, and provide adequate documentation for the validation process

described herein. The records are complete with respect to the said validation criteria.
3.3.5 Sensitivity

P@Ls repoft'e’d'b“y‘ 'themlahoratory \ifelr'eiacceotahle forall wateranalyses b'ased on
compansons of laboratory vaIues wnth the Samplmg and Ana]ys:s Plan (Jacobs
1996b). For soils analyzed by EPA method 6010, several elements exceeded the
required PQLs by less than 2 milligrams per kilogram. Other metals showed slightly
higher PQL exceedances, including aluminum, hia:ghesiuln, sodium, thallium, and
potassium. MDLs were also reported for all results, and sensitivity of the MDLs

typically ranges to an order of magnitude better resolution than the PQLs.

PQLs for those analytes determined through the EPA 7000 series of tests were the
same or better than those required PQLs stated in the SAP (Jacobs l996b) Arsenic,
cadmmm and Iead were not analyzed by their respecnve 7000 series methods but

met quantitation requirements through EPA method 6010A Trace method instead.
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4.0 BACKGROUND CHARACTERIZATION

To assess whether site activities at NAS Fort Worth have affected the concentrations
of inorganic constituents in site groundwater, surface water, sediment, and soils, it is
necessary to compare the concentrations of inorganic constituents in site media with
their concentrations in background samples. The TT method was used to estimate
reasonable background concentrations. According to the TI method (EPA 1989,
1992), the concentration of a given constituent in a given media is expressed as an
appropriate UTL of the distribution of the constituent in the background data
population. A UTL 1s generally expressed in terms of confidence and coverage
levels, so that it can be said with a specified level of confidence that the UTL
indicates the concentration of'the constituent below which a specified proportion of
the background data distribution will occur. Thus, a UTL with 95 percent confidence
and 95 percent coverage (UTL,,,) is the value that we can say, with 95 percent
confidence, will exceed 95 percent of the background data. Any site value greater
than the UTL has only a 5 percent probability of being drawn from the background

data population, and thus may indicate the presence of site-related constituents.

UTLs (and other statistical properties) were determined for a total of 24 inorganic
constituents in each of six background populations. The populations consisted of
surface and subsurface soil, groundwater sampled via a low-stress technique (to
approximate filtered samples), groundwater sampled with a bailer (unfiltered

samples), surface water, and sediment within the surface water drainages.

A total of 30 surface soil, 30 subsurface soil, 12 groﬁndwater samp-les- (one low-stress
and one bailer sample per well), 8 surface water, and 8 stream sediment samples were

collected to characterize these media for background concentrations.
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4.1 STATISTICAL PARAMETERS OF BACKGROUND DATA SETS

The following statistical parameters are to be defined for each constituent:

¢ Frequency of Detection — The frequency of detection is reported.
¢ Range — Minimum and maximum observed values are reported.
e Mean — The arithmetic mean is reported. ]

e Standard Deviation — The sample standard deviation is reported.

e Upper Tolerance Limit (UTL) — The UTL 95 percent confidence, 95 percent
coverage value (UTLys ) is reported.

e Qutlier Identification — Potential outlier values are identified but not removed
from the data set unless rejected by the data validation process.

The statistical analyses applied were drawn from the following references:

s Statistical Analysis of Ground-Water Monitoring Data at RCRA Facilities:
Interim Final Guidance. (EPA 1989); and

o Statistical Analysis of Ground-Water Monitoring Data ar RCRA Facilities:
Addendum to Interim Final Guidance (EPA 1992).

4.2 PROCEDURES

The data for a given constituent were analyzed according to the procedure outlined in
Figure 4-1. The frequency of nondetects in the data set was calculated first. Unless
the frequency of nondetects exceeded 50 percent, lognormality and normality of the
data set were tested using graphical and formal calculation tests. Various statistical
parameters were then calculated using formulas appropnate for the apparent
distribution of the data set. In particular the UTL,; ;5 was calculated as the value that
we can say, with 95 percent confidence, will exceed 95 percent of the background
data. If the frequency of nondetects exceeded 50 percent, or the distribution of the
data set could not be demonstrated to be either normal or lognormal, then
nonparametric estimates of the UTL were determined (typically the highest value in

the data set). If the frequency of nondetects was between 15 and 50 percent,
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FIGURE 4-1, . 483 T4

Naval Air Station Fort Worth Background Study
Flowchart of Data Analyses

Calculate Percent of NOT
Nondetects (PND)
DL = Detection level
k = Tolerance factor
PND < 15% n = Number of samples

ND = Nondetect
PND = Percent of nondetects

[ X; = DL/2 for all ND —] Yes UTL = Upper Tolerance Level (raw)
UTL, = Upper Tolerance Level (log}

I Calcutate Y, = log X, | No s = Standard deviation {Xi}
Sy = Standard deviation {Y7}

UTL= Y
Produce Probatility Plots %= Mean X}

to Ass;iirszr:::my as Y, = Log-transformed data

7= Mean (Y} .
Shapiro-Wilk
testonY;

Produce Probability Plots _ -
to Assass Normality as |- Shapiro-Wilk
Necessary test on X,

Yes

UTL, =Y+ &S,
UTL = axp(UTL,)

No

Yes

UTL=X+ks

[% = DL12 for all NDJ

[Caiculate Y, = iog X, |

Produce Probability Plots
to Assess Normality as
Necessary

!

Shapire-Wilk
teston Y;

Produce Probability Plots i _
to Assess Normality as j————p»| Shapiro-Wilk
Necessary teston X

Calculate censored
i Sancry e
Probability Plots Tests o
4 Calculate censored
Censored More and Detﬁcts-only
Linear Probability Plots
Cchen's No
Adjustment Detects-onty No Censored Cohen's
More Linear g More Linear Adjustment
No
UTLy =¥ + kS, 1 Aitchison's Detects-only UTL =5+ ks

More Linear

Adjustment

Aitchison's
Adjustment
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appropriate adjustments to the calculated statistical parameters were used to account
for the nondetects. For groundwater, a criteria of 17 percent as the minimum
percentage of nondetects rather than the 15 percent recommended in the references
was used based on the small sample size of 12 where each sample represents 8.33
pér'c'énf of the total. This change allowed for analytes with only one or two
nondetects out of 12 analyses to be handled by the simple substitution of one-half the

detection limit and the subsequent calculation of a UTLy 5.

The following sections discuss in greater detail the methods used to calculate UTLs

and other statistical properties of background data sets.
4.2.1 Nondetects

Nondetected analytes are those with concentrations less the detection limit. The
detection limit in the laboratory results is the Method Detection Limit (MDL)
adjusted for sample specific variables like percent moisture and dilution (and known
variously as the “Laboratory Detection Limit”, or “Sample Quantitation Limit”).
Values above the Practical Quantitation Limit (PQL) are detects, and values between

the MDL and the PQL are estimated and given a “J” flag.

Data that were reported at less than a detection level (i.e., nondetects) were treated
differently depending on the frequency of nondetects. If the frequency of nondetects
was less than 15 percent (17 percent for groundwater), the nondetects were replaced
by one-half of the analytical method detection limit (EPA 1989, 1992), statistics were
calculated, and statistical tests conducted rusing the data set with these replacement
values. If the frequency of nondetects exceeded 50 percent, but was less than 100
percent, the nonparametric UTL was selected as the highest value in the data set (EPA
1989, 1992). In cases where the highest value was identified as a potential outlier, the
second highest value was chosen as the UTL. If the frequency of nondetects was 100
percent, then the UTL was designated as the nondetect with the highest detection
limit.
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If the frequency of nondetects was between 15 and 50 percent, then the calculated
statistics were adjusted for the presence of nondetects. Two adjustments are possible,
depending on whether it appeared that the nondetects more likely represent zero
values (i.e., the constituent is not present in the sample), or represent the presence of
the constituent but at values less than the detection level. These adjustments are

discussed further in Section 4.2 .4,
4.2.2 Normality

The calculation of statistical parameters, and in particular the UTL, is affected
significantly by the population distribution of the data set. Both formal and graphical
statistical tests have been applied to assess normality. The general process is outlined

in Figure 4-1.

To assess the population distribution of the data sets, each set was first addressed
using a formal test for normality. Probability plots of the raw and log-transformed
data were generated for some analytes to provide a graphical indication of whether the

data distribution was normal or lognormal.

For the calculated statistical test of normality, 1t was first assumed that the data were
lognormally distributed (EPA 1989, 1992). This assumption is based on the
observation that environmental data are commonly distributed lognormally (i.e.,
logarithms of the observed data are distributed normally). This may be because
environmental data are bounded by zero (i.e., negative constituent concentrations are
not possible), so the data sets are often skewed to the right, which is characteristic of a
lognormal distribution. Consequently, logarithms of the data were calculated before

the tests for normality were performed.

Let x; represent the raw data, and let y; = In(x;), where In is the natural or Naperian
logarithm. Let n be the statistical sample size (i.e., the number of data in the data set).

If n < 50, then normality of the distribution of y; was tested by the Shapiro-Wilk test
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(EPA 1989, 1992). If n > 50, then the alternate Shapiro-Francia test was applied
(EPA 1992). In each case for the NAS Forth Worth AFB background groundwater
data sets, the statistical sample size n was less than 50, and the Shapiro-Wilk test of

normality was applied.

The Shapiro-Wilk test is described in EPA (1992). To test for normality of the data, a

test statistic W is calculated as:

where:
k k
b= ZI: Ao Xy — Xy} = Zlbi
i= i=
and x; is the ith smallest ordered value;
a; is a coefficient dependent on the sample size (#);
s 1is the standard deviation;

n 1s the number of samples; and

k is the greatest integer less than or equal to n
2

The nuil hypothesis of normality of the logs of the data was rejected if W was less than the
appropriate critical value (dependent on ») (Appendix A, EPA 1992). If normality of the
natural logs of the data was rejected, the test was repeated using the raw data x; and the
standard deviation 5 of the raw data. If the null hypothesis of normality was also rejected
for the raw data, then probability plots of the raw and log-transformed data were examined
to determine whether the data distribution was more nearly normal or lognormal. When a
reasonable choice between normality and lognormality could still not be made, then a
nonparametric test is recommended to compare site data with background data, rather than

comparing site data to a background a single UTL.
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4.2.3 Statistical Parameters
The following statistical parameters were calculated:

e frequency of detection;
e range;

® mean;

e standard deviation;

¢ UTL; and

e potential outlier statistic.

The calculation of these various parameters depends in part on whether the data set

has been judged to be normally or lognormally distributed.

The frequency of detection is a simple ratio of the number of values greater than the
MDL to the total number of samples in the data set. The range of the background
data set for a given constituent is reported as the minimum and maximum observed

values in the data set. These values do not depend on the shape of the distribution.
The mean x was calculated as the arithmetic mean of the data set
x=(Z x ) n

The standard deviation s was calculated as the sample standard deviation of the data

set
s={[nZx*- @ xYVn(n-DPR"
The UTLg; 45 was calculated as

UTLysgs= X + k.
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where & is the tolerance factor for a one-sided normal (or lognormal) tolerance
interval with a minimum of 95 percent coverage, a 95 percent probability, and »

background observations.

For distributions that were determined to be lognormal rather than normal, the UTL
was calculated in the same fashion except that x was replaced by 3 (the mean of the
logarithms of the x;) and s was replaced by Sy (the standard deviation of the
logarithms of the x;). The resultant value of the UTL (designated UTLy) is the UTL
of the log-transformed data. The UTL for the raw data was then calculated as the
exponential function of the UTLy of the log-transformed data; ie., UTL =

exp(UTLy).
4.2.4 Adjustment for Nondetects

If the frequency of nondetects for a given data set was between 15 (f? for
groundwater) and 50 percent, appropriate adjustments to the calculated statistical
parameters were used to account for the nondetects. Either Cohen’s adjustment or

Aitchison’s adjustment was used, as outlined in EPA (1992) and excerpted below:

Cohen’s adjustment ... assumes that all the data (detects and nondetects)
come from the same Normal or Lognormal population, but that
nondetect values have been “censored” at their detection limits. This
implies that the [constituent] of concern is present in nondetect samples,
but the analytical equipment is not sensitive to concentrations lower than
the detection limit. Aitchison’s adjustment ... is constructed on the
assumption that nondetect samples are free of contamination, so that all

nondetects may be regarded as zero concentrations...

To decide which approach is more appropriate .., two separate
Probability Plots can be constructed. In fthe first] method, the

combined set of detects and nondetects is ordered (with nondetects being
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given arbitrary but distinct ranksj. ..Normal quantiles ... are then
computed for the data set ... However, only the detected values and their
associated Normal quantiles are actually plotted. If the shape of the
Censored Probability Plot is reasonably linear, then Cohen’s assumption
that nondetects have been “censored” at their detection limit is probably
acceptable ... If the Censored Probability Plot has significant bends and

curves ..., one might consider Aitchison’s procedure instead.

To test the assumptions of Aitchison’s method, a Detects-Only
Probability Plot may be constructed. [N]ondetects are completely
ignored and a standard Probability Plot is constructed using only the

detected measurements. ... Thus, ... Normal quantiles are computed only

for the ordered detected values. ... If the Detects-Only Probability Plot is
reasonably linear, then the assumptions underlying Aitchison’s
adjustment (i.e., that “nondetects™ represent zero concentrations ...) are

probably reasonable.

Cohen’s Adjustment. If it was determined that Cohen’s adjustment was appropriate,

the sample mean x;7 and sample variance s for only the data greater than the

detection limit were first calculated. Then two parameters 4 and y were computed as

and

h=(n-n

y=sd  xd - MDLY,

where / is the number of observations greater than the detection level, and MDL is the

method detection limit. Based on the values of /4 and vy, a value A was determined

from a table in Appendix B of EPA (1989), and corrected values of the mean x and

standard deviation s were calculated by
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x= x4 -k ( xg- MDL)

and

s=Uf+l(ﬂfAﬁEﬂm.

If the distribution appeared to be lognormal rather than normal, the adjustment was
made usiﬁ'g the mean and standard deviation of the logarithms of the detected values,

rather than x4 and sz

Aitchison’s Adjustment. If it was determined that Aitchison’s adjustment is
appropriate, the sample mean ;d and sample variance s for only the data greater
than the method detection limit were first calculated. Let d = n - I be the number of

nondetects. Then the adjusted mean x and standard deviation s are given by

x=(l-d/n) xgq
and

s={[n-(d+Dlsgd n-1)+[dn-d) xgV[nn- D"

If the distribution appeared to be lognormal rather than normal, then the “adjustment

was made using the mean and standard deviation of the logarithms of the detected

values, rather than xg and sz
4.2.5 Outlier Identification

The highest value (x,) in each data set with a frequency of detection greater than 50
percent was subjected to a formal test as an outlier (EPA 1989). The mean x and
standard deviation s of the entire data set were first calculated. A test statistic 7), was

then calculated

Tn=(xp- X )Is.
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Ty was then compared to a critical value (dependent on n) (Appendix B, EPA 1989).
If T}, was greater than the tabulated critical value, this provided evidence that x; was
a statistical outlier and not truly a member of the background data set. However, xp
was not rejected, modified, or otherwise excluded from the data set solely on this
basis. Only if the data validation process or other review of the data indicated some
problem with the datum (such as a transcription error or failure to account for
dilution) was any change made to the data set. The test for outliers merely identified

those data that might be outliers and for which additional data review was warranted.

4.3 BACKGROUND CONCENTRATIONS

Results of the background study, including percent of samples below the detection
limit, number of detects, minfmum, maximum, mean, standard deviation, UTL, and
outlier identification, are listed in Tables 4-1 through 4-6. Additionally, the tables
identify the results of the Shapiro-Wilk test for normality, indicating the sample-size
dependent critical value (W(crit)) and the calculated test result for the log-transformed
(W(log)), and untransformed (W(raw)) data. The following sections briefly explain the
process by which background values were calculated for each media based on the

Figﬁre 4-1 flowchart for each analyte,

4.3.1 Soils

The Horizon A and Horizon B soils were evaluated separately.
4.3.1.1 Horizon A Soils

The following paragraphs briefly describe the process used to calculate each UTL.
The analytes are grouped according to how the UTL was derived, based on the

frequency of detection and the distribution of the data.

Final

TYCARSWELL\O5G47900\WPBK-FINAL\SEC4.DOC  1/7/98 4'1 1 Recycled



83

409

,7 .ﬂ "

,&

L Jo | abed

U 1 Iy YTy T3 ZERM HER HED I 1 1 It I | |
BE/L/L ST LY THIVEMS-HEVAAMODEFOSATIIMSHYIRI
(10) An 03 pa.ediuco uaym ynsas pue elep mes Buisn A pajenoeo = (mes) Ap
(1) A o) peuedwoo ueym ynses pue gjep peuuojsue-Boj Buisn M pelenales = (Boj) m
enjeA eouo YiM-oadeys = (2} M
“Jaipno |efualod B S| enjea WNWIXEW el Jl BUlLLIBISP 0) }S8) JO YNSay = LIBIPND
(eBelen0o 9,66 puUe eduUepyuL0d %GE) [eAe] eouesaio] Jeddn = $6'S6q N
pajoalep U = ON
pelgnofes Jou = ou
sjqeaiidde Jou = —-—
‘(Byy/Buw) webopny Jod sweiBigw W ate spun |y
SIJON
SOA 8'8E 061 £62 vZi £EL aley ggro] weley 618°0] 2260 Joe /0e | w00 auz
oN £9% BOOL 68°EZ S8b Z8's 1800y 996°0 | 1eley #890] 2260 | 0E /0E | %00 WnipeueA
— £ve ou au evz [ ObL> | — —— | == — [ — 0€ /8 | %EEL wnyjjety
oN 00E/E ¥088 Zeve | ooele | 252> | weley sop0] weled ezs0] sz60 [ o0E /62 ] wmeEE wnipog
oN €120 SE0'0 000 | E120 | 5200> | welay 1zg'o| eley gi60| 2260 | 0 /62 | %EE 1oAIg
oN 2060 191°0 Zlzo | 2690 | es00 | weley org 0| weley ss80| s260 | 0E /8L | woOF wniugjeg
SN 5682 681 £G4 06./2 ¥y 180y 0560 | eooy g960] 2260 | OE /0E| %00 wnissejod
ON gvi SZ'E S.'6 vl [T 109fey 8160 eley ogg0| 22560 | 0E /06| %00 2N
— 0ov'L ou ou 09b'L [ 2680> | ~- e [ e e | e OE /9 | %008 wnuapqfjoN
- v10 ou ou L0 | 00> | — = | = | 0E /Z | %E'E6 Ainasey
S8A 6v8 8EC JEE ozZrl celL pelay vz90| 10sley £260| /260 | 0E /0E| %00 asauebuey
oN £00€ o€/ B9EL 0£8Z cii Wdeooy 8960 | 0eley Dea 0| 2260 | OE /OE| %0O wrisaubep
SaA 16°0E £9'9 6S'YL S 0F 809 eley 05,0 weled sze0]| 2z60 | oc 10e| w00 pee’
oN oy 98ce B610L | 00SSL | ooyt | 1deoov ope'0 | weled 680 2z60 | 0 10E| w00 uoJ|
oN IELL 16T 22704 L9 vb'y | 1dedoy p96'0 | weled 606'0] 2z60 | 0 10E| w00 Jeddo)
oN GO'LL S8l Si'p zZol #G'L | 1dedoy gge'0 | dedoy 1960] 2260 | OE /OE | %00 Heqod
oN 9862 oy eLLL 102 90 | %oy 6os'0 | 19830y 2560 2260 | O /OE | %00 wnjwaiy)
ON 9550 Ziio 220 | s290 | #6000 | weley s08°0 | 1deooy 826 0| 2280 | 0E /821 %/'9 Wwniwpeg
ON 88,291 0/282 16602 | 00OLLL | BLIF yafey /890 | 1900y 6960] 2260 | OE /OE ! %00 wnioe)
oN Z0'L £rZ°0 5590 Zo'L #9510 | welay L1560 | 108y Bo80| /260 [ OE /OE| %00 wnijjAieg
Ty ££2 £'6YE £orl | 0881 8'¥Z peley 18Z'0| peley 018 0| 2Z60 [ OE /O0E | %00 wnueg
oN 58'S 90'L 0SE 88 £2°1 dedoy gs6'0 | weley tsgo] sz60 [ 0E /0E| w00 desiy
— 950 3u au 960 i6lzg>»| —— ~— ] — — | — Jo0e/9 ! %008 Auowiguy
ON SE0ZZ z.05 SLi0L | 00661 | 0644 | 1dedov pgso| 1eled 96p'0] 2260 | OE /0] %00 wnUILNiy
comno | 551un | uopeireg | ueap xew Ui (med) p (Boj) m (W) M | oy sjpajap|  Seuy
plepue)g 1519980 | -uoN %

YMOM HOJ UOREYS MY [BAEN
lios @a2euns 1o sanjep punoibyoeg jo Alewwng

¥ 3718V1

4-12



L jo | ofiey STX Zv TELVEUY-HENIMIO06.L K S5OV TIMS MY

{1u2) A 0} paredwos uaym Ynse. pue elep mes Buisn AA pejejnojes = (Mmel) A
{312} M 0} peleduios ueym Ynsal pue gyep pauuojsue-toj Buisn A peieinajea = (Boj) pm
anjeA [220LID YIAA-0udeys = (JUs) M
"J9I[No jeguejod e S BNIEA LUNLUKEL 8y} JI SUILLSIeP G} }S8) JO WISaY = LI8IANO
(ebesanno 9, PUE RaUSPYLIOD %GR} |eAeT @ouesI0] Jeddn = S6'S6110N

paosiep ou = N

PajE|Noea jou = ou

ajqeoydde jou = ----- '
(Boy/B) wesBopy sed sweiBiiw w sse spun fy
S3JON
o oN £1E 1S L8l e 66 weoay gae0 | 1eley 1se0] 2260 [oe /08 | %00 aurZ
oN v'IE z9 £0Z 8 € L6 yeley 9z6'0 | 1deooy 0ss’0| /260 | 0E J0E | %00 wnipeueA
— Gl au au Sl 601 > — — | = = — Joe /s | wLal wnjey)
Lo oN DOZES 2911 GZey DOZES L'l yelay gzv'0 | eley 8680 se60 | 0E /L2 | %0OL | wnipog
o oN 8210 £200 SEQ'0 8260°0 120°0> paley /a0 | weled zoso| 2260 |08 10z | %EEE B
- — ELEO au au OELEQ L0 > — — | —— — [ 0e /9 | %008 | winiuajeg| -
oN LIV £2€ 0001 0061 LI ydaoay 460 | 10eled 6060 | 2260 | O€E 102 | %00 wnISSe0d
oN 9761 99'c IL'6 V2 LIy elay /€80 | 30800y 6560 2260 | 0OE /O£ | %00 139N}
—— £6°L ou au 0E6' | 8€9°0 > —_— — [ — — ——  J0E /9 | %008 wnuspqAjopy] -
—- |seo0®an au au SE00 > £0°0 > —_— — [ = — Joe /70 w000l Anosap|
oN L'LSE 08 9691 LLE 282 Wsooy p6'0 | eley ¥060| /260 | 0E /0E | %00 oseuebuep |
ON ozre 285 6951 0zve 262 sley E¥B'0 | Weley 2690 | 2260 | OE / OE | %00 wnissubep|
oN 992zl £EE 682G Evl €200 wdeooy 6y60 | 198fey ovz0 | 2260 |0 /82 | %29 peaq]
oN 69v.1L 0z.Z c8l6 00691 ovee 36820y Ly6 0 | 19809y 9860 | 2260 | 0E /08 | %00 uoJ|
N ZLEL Zs2 Z1'8 OEEL 192 a0y 2660 | WeleM eya 0| /260 |0t /0E | %00 Jaddoy|
oN 619 9E'L 8L°E 55 seep’'0 | 3deooy pee0 | weled zozo| 2260 [o0E 122 | %ooL HeqoD
oN 1E91 LT 6’6 06 L1 205 waley /¢80 | 1Wedoy se60| 2260 | OE /0E | %00 wnjwoiyy
SaA 650 520 810 gyl 5500 weley 06E0 | weley 6290 | 2260 | OE 1 02 | %EEE wnjwpey)|
SN 0002.2 9129, GEELE | 000Z¥E LS. welay g68'0 [ 1eley gcs0| s260 [oE 70 | %oOO wnEe|
oN El’L 810 950 101 8020 1232y 6980 | Weoay 9960 | 2260 [ OE 1 0E | %00 wnyAseg
oN L8zl 08z 859 121 ¥'ol yaaoy vs60 | 10eled zze0| /260 [0E 708 | %00 wniegq| ;
oN 869 ELL EO0'E IES vl yeaoy zve0 [ 1decoy eos0| 2260 |08 710€ | %00 oluas.ly
— ZLL0 au au ZLL0 120> —— o | = T — Joe /9 [ woo08 Auowguy
oN 09202 11ZE 5066 00241 08.E d8ooy ge6'0 | ¥dedoy 0960 | 2260 | CE /1 OE | %00 wnuiwnfy
LBRN0 | SN |uopepreq | ueaw | wnwixew | wawpuw (med) (Bo1) m QoYM | jmor | s1omep ajheuy
piepums 539933Q | -uoN %

YHOM MO UORE}S A1V [2ABN
|10S @2eUNSQNS 10) Sah|eA puhoibyoeg Jo Alewwnsg

v 37avil

I i“v ol I ] 1 ] r 1 v— ) . 1 / 1 I ] _.u )

4-13



85

409

(312} AA 03 pasedwion uaym jInsal pue ejep mej Buisn pp pejeinoles = (MEI) AN

(3149) AA 0} paledudod uaym Jnsas pue

B)jep pawlojsuel)-Bo| Buisn Ap palenojea = (6oj) AA
anfeA [2anld YlIM-oideys = (J2) M

| I S

‘1aI[Iho jeljuajod B 51 anjeA wnwixew
BU) J1 BUILLIBBP 0} 183} JO YNSAY = LISIPNO

(abesanoo 9,66 pue aouapyuod %S6)

- (8AaT Bauesajo Jaddn = 565611
paldalep Jou = aN

paje|nojea jou =au

a|qeoldde Jou = —

"(yBu) Jay Jad sweibiw uj a1e spun ||y

Corm e,

)

B6/4/) SIX EF 1BLIRUA-NEAJANDD6LFOSN TISME HY OV

.SIJON
ON 8LL 0 01070 L0100 18900 | 561000 | 1sley zza o] 1decoy 22801 0580 [t /2 | %pot ouz
ON ZL00 81000 yEOD O ¥.000 | 62000 > | 1de0oy o980 1d800y £68°0] 0S80 | il /6 | %Z8L wnipeye
— Z£90°0 18 AN ou au zeg0o0> | zegoo>| — — | — — | — |z 10 [%000L wnijeyy
SaA 194 L'LE 882 phi ) yaley 6150 1deooy sg8 0] 6580 [21 /2L | %0D wnipog
——-- Z000'0 ou au 0000 |zoooo>| — — [ — — | — e 71+ | %16 BAIg
ON 11000 ZL00'0 12000 or00°0 | S5000°0 | 10000y Z88°0] 10eleyd £28°0] 6580 |21 /6 | %0SZ wniuaes
ON £0°S1 80°¢C 8Z’L 555 gez0 | weley 5o9'0] 19800y o68'0| 6580 [Z1 /8 | %EEE wnissejod
— ¥0Z0°0 ou ou vozoo | ¢o00> | ~— — ] — — | — Jet 71¢ | %0Se R
— br10°0 18 AN ou ou pri00> | #ri00> [ — — | — — 1T — TzL /10 [%000L]| wnuapgAjon
- L0000 1€ QN ou ou toog0> | tooo0> | — — | — — | — lzi /0 |w%000I An2isiN
Sa) S/L0 1218'0 ELLZ0 98'C 6L00°0 | 1938y g.e'0] waley oz8'0] 6580 |zt /2L | %oo asauebuepy
ON 08 /E 6¥ 01 ZEDL 8 IE 9.'z yaley 6e90] weley 668 0] 6680 |2t 721 | %00 wnisaubep
— 91000 18 ON ou au al000> |atooo>| — — | — — | — Tzt 10 Jw%oooL pea’
ON ¥ZZ 0 ¥61L0°0 £5Z0°0 Z.00 6r00°0 | 1deoay Z28°0] 1900y p28'0] 6580 |ZL /2L | %00 uol
- 82000 ou ou 8zooo |so000>| — — | — — | -— JZi /1 %L 16 Jaddo)
— 68000 18 AN ou ou 68000> |68000>| — — | — — | — [2L /10 |%000I ¥eqod
— 900 0 ou ou 9000 |€s000>| — — | — — ] — 2L/t | %16 wniwoJy?
— 50000 18 AN au ou 0000> | s0000> | ~— ~—]| — ~—1 — 1zt 10 |%oo0L wniwpe)
ON €992 S'Gh L'ibl €61 595 Wesoy 5060 109fey 6s8°0] 6580 |21 /2L | %00 wnioje)
— £000°0 ou au €0000 |€0000>] — — | — — | — Jet 1t | %216 wnijjAieg
S9 A 1850 pLLD SELD Ziv0 Zs00 | weley spg0] 1deody 288°0] 6580 |21 /2L | %00 wnieq
o 67000 1€ AN au ou 6v000> | 60000> | ~— -— | — ——1 6580 [2ZL /0 {9%000L oluasly
— Z00'0 18 aN ou au 000> | 2000> | — — | —  — 1 — |2l /0 (%000 Auowiuy
oN ZEE'L L6L'0 500 Zi90 Z500 | ey 5050l 1decdy 0E60] 6580 |2 /6 | %0SZ wnujwn)y

LRIpno | 8% n vopeiaaq | uesy |wnuwxep [wnwpgpy| (e pm (Boym | MM | jejoy |sjosjap|  dkjeuy
plepuejs / 53233a@ | -uoN %

YHOM HOJ UOREIS JIY [BABN
sajdweg 13}EMPUNOIS) SSa13G-M0T 10} SanjeA punosbyoeg jo Aeunung

ey IN8vl

4-14



} Jo | ebey

(jus) A 03 pazedwod uaym
ynsad pue ejep me) Buish pA pejenoies = {mel) pA
{33} M 01 paledwos uaym Ynsal pue
elep paswwiojsues-bo| Buisn AA paiensfes = (Boj) A
8NjeA JeSnLo YIA-OldeYS = (10) AA

86/4/L STX PP ELLIBUIL MERGANDOB FOSOATIAMSHYIL |

“Jano jequalod B S| anjeA WINkUIXELL
8L} §) BUILLLIZISP 0 IS8} JO YnsSay = jIBIpND
{ebelerod %56 PUB 8OUSPYUCD %,GE)
-JeAen esuesso] Jeddp = 5656711
Paalep ou = gN

pejejnales Jou = ou

s|qe2dde you = —
*(/6w) Jay) Jad swesByuw Ul ase spun Iy

o S9JON
o0

oN 28900 Z800°0 10100 J0E0Q 561000 [ @2y $79°0 ] 1deooy po50] 0580 [LE /0L | %L 6 ouiz

ON £590°0 99000 £600°0 /¥200 GpL000 | decoy gz 0l Weooy eps0] 0se0 (1L /0L | %6 WwrnipeueA

(3] — ZE90'0E AN ou ou Z€900> | Z6900> | — — | — — | — TZL 10 |%000L wnijjey L

s oN 9.l LEZ 0 5’16 96'L weley 0£9'0 | 1Wed0y 0960 6580 |2b /2L | %00 wn|pog

L= — £000 0 au ou £000'0 20000> | — e — —— -— 2L 1} %L L6 JeNS

: aN 2,000 60000 8L00°0 Zro00 L1000 > | aley L5g°0!l 1decoy 1680 658'0 |2k /Ob | %.9b wnjuses

— 6¢€ ou ou 6¢€ 9g¥ 0 > — — | — — | — Tlzi 19 %005 wnisse}ad

oN 9€00 55000 89000 £020°0 22000 weley cgs 0] 19030y 6160] 6580 |2b /2L | %00 EEN

— ¥¥1L00 ¥ AN au ou ¥vlo0> | vPLOO> | — — | — — | — |2t /0 |%000l wnuapgAjo

— LO0Q 0 ¥€ AN au ou tooo0> | 000> | — — 1 — — [ — Jzi 10 [w%000L Ainalapy

oN L/S0L 6590 5020 21T €600 | 1desoy £gg'0 ) Wedoy gs60] 6580 |21 /2L | %00 @sauebuepy

oN 82°89 590l 16741 9'SE 6.€ weley sg2'0] Weooy G06'0] 6580 2L /ZL | %00 | wnisaubeiy

——— 9100018 AN e ou gL000> | 9L000> | — — | — — | — |2Z. /0 |%000L]| pes7

oN £Z°. £0.0 v8.°0 $9Z 8900 1afey 8zg'0 | Wesov +86'0] 6580 2L /2L | %00 | uay|

— L0100 au ou L0100 80000> | == s | e e | e J7L 9 %0°05 laddog

- 100 au ou 100 68000> | — — | — — | — tz 11 %, L6 }eqo)

o 9€10°0 au w 9eL00 €5000> | — — | — — | — lzl 1§ %E 85 wniway)

— 91000 au ou 91000 G0000> | — — | — — | — et I¥ %Z 99 wniwpeg

oN 8EPZ LOE L0F Lgs 20l yeley 90g'0| Wesoy 9160 6680 |2t /2L | %00 wniofed

— 61000 2u ou 6L00°0 €0000> | — | -— — ] — 2L I¥ %/'99 wnpliag

oN EEL L 9eL0 €640 EL50 85e00 | Weooy zpe'o| 1dedoy Zzg6'0| 6580 |2L /ZL | %00 wnueg

— /9000 ou au 1900°0 6v000> | — —— | — | — izl .} %/, LB Juasly

—— ¥Z00'0 ou au $Z00 0 Z000 > e e e F T %L LB Auowpuy

oN 20711 658°0 080 She 66900 | walen 672°0] vdedoy 0560 6580 2L /ZL | %00 NUINy

I8N0 s's6q) uogejAag | ueew | wnunxew | wnwupy (mes) pA (Bop) m Gua) M (e304 sj0039p aAh[euy
piepuels {510913Q | -uoN %

4-15

UHOM J10] UOKES IIY [EAEN
sajdwes Jejempunols pailejjyun 10} sanjep puncibyoeg jo Alewwns

v 3avl

)

jv ;h._
- _ I i whe 3 f | w I | ) N ] ) ) R |




leupd

87

409

| I __u__ | ol IF lNEm O Snm DRERA } } b P
) $IX S¥ TELVRUI MENI A0 P DS T IIMS YN
(9) AA 0y pauediuoo Usym Ynsed pue 2ep mes Buish Ap peleinojes = (Mmea) AA
ﬁ:ov A 0} pasedluos Usym Ynses pue ejep pauuic)suen-fo) Buisn pp palenoeo = (Boj) AA
enfeA [eonuo NAA-cadeys = (10) A
"JOfiNo jequajod B S| enjeA WNWIXELW B J SUILLIBYOP 0} 158} JO YNSay = ;ieipng
(eBesenoo g g pue ecuspyYLOD Y%GE) A8 eauessio] Jeddn) = 5696
paloaep jou = gN
PejEN2{eD Jou = oU
e|geoydde you = —-
(/6w) Jay Jod sweibyw ul aJe spUN gy
:S3JON
ON ZCL00 ou ou [44%s)s] 6£00°0> ——- - e —— - 8/ 2 %0'SL ourz
— 65L00 W ou 85000 62000 > | 3deooy 1p50 | wdecoy zes'0 | 8180 g8/ 9 %0 6T winipeueA
-— ZES0'0 18 AN au au CESD 0 > Z€90°0 > — — — o i 8/ 0 %0001 wnijey |
ON S'Sp 81 1'SC 6°CE £6l Weooy £v6'0 | 1de30y 6560 | 8180 g8/ 8 %00 whpog
— £000°0 ou au £000°0 20000 > - - — —_— — 8/ 2 %0'GL BAIg
ON §200°0 80000 8L00°0 SZ00'0 L1000 > paley 62,0 | 100y 6890 | BLAO 8/ 9 %0 G2 wnjuajes
oN GE'Q 890 00€E E6E 902 yWeaoy 260 | desoy €680 | B8L80 8/ 8 %0'0 Wwnissejod
— 82100 ou ou 8,100 Z200°0> — — — —— o 8/ | %S .8 121N
— ¥rL0'0 1 ON U U PPLO0 > ¥rLO0 > ——— — — — _— 8/ 0 %000} | wnuepgAiply
— L0000 ou ou 10000 10000 > e e —— — — 8/ 1 %G /8 Anasepy
ON E£6LP°0 81200 LS20°0 91,00 8£00'0 Weooy to9g'0 | desoy /€60 | 81870 g8/ 8 %00 asauebuepy
ON SE'6 L BSE Z5'S 1072 W0y 9/50 | 19839y €660 | 8180 8/ 8 %00 wniseube|
— 81000 1 AN ou o 9L000 > 91000 > e — — — _— 8/70 %0001 peal
ON 1260 £90°0 ELLD £22 0 1220°0 Waooy 6960 | 19929y OE60 | BL8 O 8/ 8 %00 uolj
ON 0100 #00'0 8000 LOLOO | #0000 > | 1096y gac0 | 30eley 9950 | 8180 8/ 9 %0 62 Jaddo)
— 6800°0 ¥ ON | ou ou 68000 > 68000 > —- — — — — 8/ 0 %0 001 Heqod
— 8000 ou U 8,000 £500°0 > ——— —— — i — 8/ E %529 wniwoJyy
—— G000 0 38 AN ou u 50000 S000°0 > - — — —— o g8/ | %S /8 wniwpes
ON LEEL 901 096 aLl L'v8 W80y 6,80 | 1Weddy 8060 | 8180 8/ 8 %00 wniaje)
- £000°0 18 AN ou u £000°0 > £000°0 > — —— - —— — 8/ 0 %000} wnyjjiieg
ON 1510 5100 G600 210 65200 Wdeooy gz60 | 19999y /GE0 | BLR0 8/ 8 %00 wnueg
- 6¢00°0 18 AN ou ou 6¥000> | 67000 > —— e = — e 8/ 0 %0001 otuasty
e £000 au ou VEDD'O 2000 > - I — - - g8/ ¢C %0'GL Aucwiguy
SOA (424} 1700 ¥50°0 8210 6050°0 y8ley gz20 | 1eooy 8yBO | BLE0 8/ 8 %00 WiNLwnpy
idomno | s n UOpEIASQ | URA | WnWXey | WRWHWN {mes) pm (Bo)} m (2) M le0) s109)9p| @Mjeuy
piepue)g | 53193320 *UoN %

YIOM MO UORELS N |EAEN
1a)epn 92BUNS JO) SanjEA punoilbyoeq jo Alewwng

Sv 3gvl

4-16



1 o | abed

83

403

BE/LL STIXBF TBLIBUL- HENMIDD LY DS TTIMS YA

(3u2) A ) pasedwod ueym Ynsal pue elep mel Buisn A pejeinoes = (mel) A
{1u0) An 03 patedlios uaym ynsel pue ejep peuwscysuen-Bo| Buisn pp parenotes = (Bol) A
anjea [esnua jip-oadeys = (JUa) M
opno fegleiod B ) Snjea WNLWIXEW 6L ) SUILLGISP 0} JSE) Jo YNy = ;IBIND
(e6e10ADD 9,GE PUE 8DUBPYUOS %GE) [eAST Bauelio] Jeddn = 56'%6q)n
pajoeisp jou = (JN
pajenafes Jou = au
ageoydde Jou = ——
(ByyBuwi) weiBojpy 1od swesbipuw ul ere syun |y

SIJON
oN €101 LEL 552 6ES £l deody £68°0 | ¥edoy L;60] 8180 | 8 /8 | %00 auriz
oN £TE Z€ €61 L've $'SlL yeooy 9680 | 19900y Z0B'0| 8180 | B /8 | %00 WINIPEUBA
—- gL' anN au ou ZEL > N —_ — i 8 /0 | %000l winiey |
e /09 ou au 209 by e > —_—  — —  — | — 8 /2 | %062 wnipog
oN Fri0 88100 | zZeso0 | 62600 LLEO0 | deoy 8880 | 1800y G960| 8180 | 8 /8 | %00 BNIS

- ¥120 ou ou ¥120 VELD > — — e 8 /L | %58 wnus|eg
oN L2TE ove 88/ 00€} 98¢ Weooy 6260 | 1deooy v050| 8180 | 8 /8 | %00 Wnissejod
oN 261 L'Z 06 zl 856 wdeooy gg6'0 | 1decov se60[ 8180 [ 8 /8 | %00 [eAOIN
oN 69'6 110 99'L 892 GSep0 | 3ds0dy €960 | ded0v 6B0| 8180 | 8 /2 | %SZL | wnuspghion
— 900 ou ou 09€0°0 /€00 » — — e 8 /L | %s./8 Andsepy
seA L6¥ L 861 Z9E EbL 1eley ev/ 0] ooy o#80] 8180 | 8 /8 | %00 essuebuepy
oN TLie ez 9./81 oviz oSyl 1deoay 8E6'0 | 1909y Z16'0] 8LB0 | 8 /8 | %00 wnissUBew|
oN LDl €8 L'6 692 \Z2 1alay gLg0 | We%0y 9580| BLB0 | 8 /8 | %00 pesT
oN 96901 ¥811 £269 0808 0£05 dedoy zego| 10ePM 080] 8180 | 8 /8 | %00 uoJ|
oN 8Lz €97 £/ L1l 8z'y 19820y £66'0 | eddy L950] 8180 [ 8 /8 | %00 seddop
oN 59’9 8.0 ¥4 EPE 85’1 Weooy z/8'0 | 1deooy zgg0| 8180 [ 8 /8 | %00 Heqod
oN 0Ll ¥8 L 552 656 L8y aooy cge'0 | 1d920v 698°0] 8180 | 8 /8 [ %00 WMWOIYD
oN 106°0 6500 91z 0 2620 Z5L 0 yeooy 9980 | eooy 658 0| 8180 | 8 /8 | %00 wniwpey
oN PPS/EC GZ8SE | 8896l | 000681 001G, | wWedoy gze0 [ eoay /80| 8180 | 8 /8 | %00 winiofed
oN 6811 yELO €.€0 /S50 ¥61 0 Wedoy zZ1g0 [ desoy Zigo| 8180 [ 8 /78 | %00 wnyjieg
oN v'08} 96l 0'sp g'9/ 812 weooy 8160 | idsooy ozeo| 8180 | 8 /8 | %00 wnueg
oN 2oL 8.0 SLE 125 S8C Weady 6260 | de%ay Lss 0| 8180 | 8 /8 | %00 oluas.y
—-- £E0 au ou EE0 20> e — — — 8 /1 ! %s/8 Auowipuy
oN 19182 662 0rss oves 0822 yeooy pze0 | 1decoy Zeg'o| 8180 | 8 /8 | %00 winuwny

LNo| %710 | uogeiaag | ueew | winwixew | wnwjuy (med) (Boj) m o) M | jejoL ) | s10map|  SMhreuy
piepuels $19938Q | -UoN %
Y310/ }O 4 UOHE)S 1Y [BARN
sajdwes juaw|pas Weans Joj sanjep punolbyoeg jo ilewwng
g 3N1gvl
) )]
PG ] I | ] e | 1 o B | I | B | ] I

4-17



409 89

Calcium, Chromium, Cobalt, and Potassium. Calcium, chromium, cobalt, and

potassium were detected in 30 of 30 samples. Based on the Shapiro-Wilk test, the
null hypothesis of normality was accepted for the log-transformed data for each
analyte (Table 4-1). The mean and standard deviation listed in Table 4-1 are for the
raw data. Because the null hﬁ;othé;sis of log-norrhaii{j; was accepted, a UTLy based
on the mean and standard deviation of the log-transformed data was calculated, and
the UTL was calculated as exp(UTLy). No outliers were identified based on the

formal test of the log-transformed data.

Lead and Manganese. Lead and manganese were detected in 30 of 30 samples.
Based on the Shapiro-Wilk test, the null hypothesis of normalrityi' was rejected for the
log-transformed data for each analyte (Table 4-1). However, because the calculated
W was equal to Wierity (W 0927 = Wieriy 0.927) for lead, and was very close
(W0.923 < Werit) 0.927) for manganese, the data sets were considered to be
iogﬁormaily distributed. The mean 7and standard deviation listed in Table 4-1 are for
the raw data. Because the null hypothesis of log-normality was accepted, a UTLy
ba_sg_d on the mean and standard deviation of the log-transformed data was calculated,
and the UTL was calculated as exp(UTLy) The high‘eﬂstﬁ cdnceh't'r'ation for both lead
and manganese was identified as a potential outlier based on the formal test of the

log-transformed data.

Aluminum, Arsenic, Copper, Iron, Magnesium, and Vanadium. Aluminum, arsenic,
copper, iron, magnesium, and vanadium were detected in 30 of 30 samples. Based on
tl{e iSl;apir:(r)-Wilk test, the null hypothesis of normality was rejrected for the 7log-
transformed data but accepted for the raw data for these analytes (Table 4-1). The
mean, standard deviation, and UTL listed in Table 4-1 are for the raw data. No

outliers were identified based on the formal test of the log-transformed data.

Cadmium. Cadmium was detected in 28 of 30 samples. Based on the Shapiro-Wilk

test, the null hypothesis of normality was accepted for the log-transformed data for
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cadmium (Table 4-1). The mean and standard deviation listed in Table 4-1 are for the
raw data, Because the null hypothesis of log-normality was accepted, a UTLy based
on the mean and standard deviation of the log-transformed data was calculated, and
the UTL was calculated as exp(UTLy). No outliers were identified based on the

formal test of the log-transformed data.

Antimony, Mercury, Molybdenum and Thallium. Antimony, mercury, molybdenum

and thallium were not detected in a large percentage of samples. Antimony and
molybdenum were not detected in 80 percent of the samples, mercury was not
detected in 93.3 percent of samples, and thallium was not detected in 73.3 percent of
the samples. For these four analytes the minimum value is a nondetect at the lowest
detection limit and the maximum value is the maximum detected value. Mean and
standard deviation were not calculated because data were insufficient. The UTL was
established as the highest detected value. No test for outliers was performed because

of the high number of nondetects.

Bervllium Nickel, Silver and Sodium. Beryllium and nickel were detected in 30 of 30

samples, and silver and sodium were detected in 29 of 30 samples. Based on the
Shapiro-Wilk test, the null hypothesis of normality was rejected for both the log-
transformed and the raw data (Table 4-1). The mean and standard deviation listed in
Table 4-1 are for the raw data. The UTL was established as the highest detected
value. No outliers were identified based on the formal test of the log-transformed

data.

Barium and Zinc. Barium and zinc were detected in 30 of 30 samples. Based on the

Shapiro-Wilk test, the null hypothesis of normality was rejected for both the log-
transformed and the raw data (Table 4-1). The mean and standard deviation listed in
Table 4-1 are for the raw data. The UTL, which would normally be established as the
highest detected value in this case, was found to be a potential outlier. The second

highest value was therefore established as the UTL.
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Selenium. Selenium was detected in 18 of 30 samples, so the frequency of nondetects
was 40 percent. Based on the Shapiro-Wilk test, the null hypothesis of normality was
rejected for both the log-transformed and the raw data (Table 4-1). The mean and
standard deviation listed in Table 4-1 are for the raw data. Review of the data
suggested that either the raw data or log-transformed data might be reasonably normal
under Cohen’s assumption that nondetects represent the presence of these analytes at
levels too small to be quantified by the laboratory. Consequently, the censored and
detects-only probability plots were prepared for both the raw data and log-
transformed data. The most linear of the probability plots was the censored data plot
for log-transformed data. Therefore, Cohen’s adjustment was applied to the log-

transformed data.

Based on Cohen’s adjustment, estimates were calculated for the mean, ;, and
standard deviation, sy, of the log-transformed data. The UTLy was then calculated
from these values, and the UTL was calculated as UTL = exp(UTLYy).

Because Cohen’s adjustment was applied to the log-transformed data, we only have
estimates of the mean and standard deviation of the log-transformed data. To obtain
reliable estimates of the mean and standard deviation of the raw data set, estimates

provided by Gilbert {1987) were applied. Thus, the mean X is estimated by

x=exp( y+ 5y/'12),
and the standard deviation s is estimated by
s= x [exp(sy”) - 11"

No outliers were identified using the formal test for outliers using the mean and

standard deviation from the Cohen adjustment for log-transformed data.

Recommendations for Nonparametric Tests. The UTL was established as the highest
or second highest value for several constituents either because the distributions were

not clearly normal or lognormal, or because the percent of nondetects was between 50
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and 90 percent. Although UTLs have been calculated for all such constituents, it is
recommended that site-specific comparisons against UTLs for some constituents be
supplemented by nonparametric tests such as the Wilcoxon rank-sum test or the
Kruskal-Wallis test (Gilbert 1987; EPA 1992). Supplemental nonparametric tests are
recommended for antimony, barium, beryllium, lead, manganese, mercury,

molybdenum, nickel, silver, sodium, thallium, and zinc.

4.3.1.2 Horizon B Seils

arsenic, beryllium, chromium, iron, nickel, and vanadium were detected in 30 of 30
samples. Based on the Shapiro-Wilk test, the null hypothesis of normality was
accepted for the log-transformed data for all seven analytes (Table 4-2). The mean
and standard deviation listed in Table 4-2 are for the raw data. Because the null
hypothesis of log-normality was accepted, a UTLy based on the mean and standard
deviation of the log-transformed data was calculated, and the UTL was calculated as
exp(UTLy). No outliers were identified based on the formal test of the log-

transformed data.

Barium. Copper, Manpanese, Potassium, and Zinc. Barium, copper, manganese,

potassium, and zinc were detected in 30 of 30 samples. Based on the Shapiro-Wilk
test, the null hypothesis of normality was rejected for the log-transformed data but
accepted for the raw data for these analytes (Table 4-2). The mean, standard
deviation, and UTL listed in Table 4-2 are for the raw data. No outliers were

identified based on the formal test of the log-transformed data.

Calcium. Calcium was detected in 30 of 30 samples. Based on the Shapiro-Wilk test,
the null hypothesis of normality was rejected for both the log-transformed and raw
data (Table 4-2). The UTL, which would have been chosen as the highest value, was
chosen as the second highest value because the highest value was identified as a

potential outlier.
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Cobalt and Lead. Cobalt and lead were detected in 27 and 28 of 30 samples,
respectively. Based on the Shapiro-Wilk test, the null hypothesis of normality was
rejected for the log-transformed data but accepted for the raw data for these analytes
(Table 4-2). The mean, standard deviation, and UTL listed in Table 4-2 are for the
raw data. No outliers were identified based on the formal test of the log-transformed

data.

Magnesium and Sodium. Magnesium and sodium were detected in 30 and 27 of 30

samples, respectively. Based on the Shapiro-Wilk test, the null hypothesis of
normality was rejected for both the log-transformed and the raw data (Table 4-2).
The mean and standard deviation listed in Table 4-2 are for the raw data. The UTL
was established as the highest detected value. No outliers were identified based on

the formal test of the log-transformed data.

Antimony, Molvbdenum, Sefenium and Thallium. Antimony, molybdenum, and

selenium were detected in six of 30 samples, and thallium was detected in 7 of 30
samples. For these four analytes the minimum value is a nondetect at the lowest
detection limit and the maximum value is the maximum detected value. Mean and
standard deviation were not calculated because data were insufficient. The UTL was
established as the highest detected value. No test for outliers was performed because

of the high number of nondetects.

Mercury. Mercury was not detected in any of the 30 background samples. Therefore,
the minimum and maximum values in Table 4-2 are reported as less than the
minimum and maximum detection limits, respectively. Mean and standard deviation
were not calculated for these analytes. As outlined in the flowchart (Figure 4-1), the
UTL for analytes with greater than 90 percent nondetects is defined as the highest
ranked value, or in this case nondetects at a given detection limit. Because none of

these analytes were detected, no test for outliers was performed.
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Cadmium and Silver, Cadmium and silver were.clietec'ted in 20 of 30 samples for a
frequency of nondetection of 33 percent. Based on the Shapiro-Wilk test, the null
hypothesis of normality was rejected for both the log-transformed and the raw data
(Table 4-2). The mean and standard deviation listed in Table 4-2 are for the raw data.
Review of the data suggested that either the raw data or log-transformed data might
be reasonably normal under Cohen’s assumption that nondetects represent the
presence of these analytes at levels too small to be quantified by the laboratory.
Consequently, the censored and detects-only probability plots were prepared for both
the raw data and log-transformed data. The most linear of the probability plots for
both analytes was the censored data plot for log-transformed data. Therefore,

Cohen’s adjustment was applied to the log-transformed data.

Based on Cohen’s adjustment, estimates were calculated for the mean, ;,’ and
standard deviation, sy, of the log-transformed data. The UTLy was then calculated

from these values, and the UTL was calculated as UTL = exp(UTLy).

Because Cohen’s adjustment was applied to the log-transformed data, estimates of the
mean and standard deviation of the log-transformed data were obtained by the Gilbert

(1987) method described in Section 4.3.1.1 above.

Based on the formal test for outliers using the mean and standard deviation from the
Cohen adjustment for log-transformed data, the highest cadmium concentration was

identified as a potential outlier.

Recommendations for Nonparametric Tests. The UTL was established as the highest

or second highest value for several constituents either because the distributions were
not clearly normal or lognormal, or because the percent of nondetects was between 50
and 90 percent. Although UTLs have been calculated for all such constituents, it is
recommended that site-specific comparisons against UTLs for some constituents be

supplemented by nonparametric tests such as the Wilcoxon rank-sum test or the
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Kruskal-Wallis test (Gilbert 1987; EPA 1992). Supplemental nonparametric tests are
recommended for antimony, calcium, magnesium, molybdenum, selenium, sodium,

and thallium.
4.3.2 Groundwater

Groundwater collected by the low-stress method and by the bailing technique were
evaluated separq(ely. The.:b_ai_lelj technique of sampling results in greater susperjided,
éolids in tl;e grdhndwater samblé. The amount of suspended solids in currént and
future samples is not reproducible; thus the corresponding metals concentrations will
be highly variable. Consequently, the background values calculated using the bailer
technique samples (total metals) will be less comparable than the values calculated

with the low-stress technique.

4.3.2.1 Metals in Groundwater Sampled by the Low-Stress Procedure

Barium. Iron, and Sodium. Barium, iron, and sodium were detected in 12 of 12

samples. Based on the Shapiro-Wilk test, the null hypothesis of normality was
accepted for the log-transformed data for all three analytes (Table 4-3). The mean
and standard deviation listed in Table 4-3 are for the raw data. Because the null
hypothesis of log-normality was accepted, a UTLy based on the mean and standard
deviation of the log-transformed data was calculated, and the UTL was calculated as
exp(UTLy). The formal test for outliers of the log-transformed data indicated that the

highest concentration detected for barium and sodium were potential outliers.

Calcium. Calcium also was detected in 12 of 12 samples. The Shapiro-Wilk test
rejected the null hypothesis of normality for the log-transformed data but accepted the
hypothesis for the raw data for these analytes (Table 4-3). The mean, standard
deviation, and UTL listed in Table 4-3 are for the raw data. No outliers were

identified based on the formal test of the log-transformed data.
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Antimony, Arsenic, Cadmium, Cobalt, Lead, Mercury, Molybdenum,. and Thallium.

Antimony, arsenic, cadmium, cobalt, lead, mercury, molybdenum, and thallium were
not detected in any of the background samples. Therefore, the minimum and
maximum values in Table 4-3 are reported as less than the minimum and maximum
detection limits, respectively. Additionally, the minimum and maximum values are
the same because all of the detection limits for each analyte were the same. Mean and
standard deviations were not calculated for these analytes. As outlined in the
flowchart (Figure 4-1), the UTL for analytes with greater than 50 percent nondetects
is defined as the highest ranked value, or in this case, nondetects at a given detection

limit.

Beryllium, Chromium, Copper, Nickel, and Silver. Beryllium, chromium, copper,

and silver were each detected in one of 12 samples, while nickel was detected in three
of 12 samples. For these five analytes the minimum value is a nondetect at the lowest
detection limit and the maximum value is the highest detected value. Mean and
standard deviation were not calculated because data were insufficient. The UTL was
established as the highest detected value. No test for outliers was performed because

of the high number of nondetects.

Aluminum, Potassium, Selenium, and Zinc. Aluminum and selenium were detected

in nine of 12 samples, and potassium and zinc were detected in eight of 12 and seven
of 11 samples, respectively. One of the zinc results was rejected during the data-
validation process. Review of the data suggested that either the raw data or log-
transformed data might be reasonably normal under Cohen’s assumption that
nondetects represent the presence of these analytes at levels too small to be quantified
by the laboratory. Consequently, the censored and detects-only probability plots were
prepared for both the raw data and log-transformed data. The most linear of the
probability plots was the censored data plot for log-transformed data. Therefore,

Cohen’s adjustment was applied to these data.
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Based on Cohen’s adjustment, estimates were calculated for the mean, ;, and

standard deviation, sy, of the log-transformed data. The UTLy was then calcuiated as

UTL = exp(UTLy).

Because Cohen’s adjustment was applied to the log-transformed data, we only have
estimates of the mean and standard deviation of the log-transformed data. To obtain
reliable estimates of the mean and standard deviation of the raw data set, estimates

provided by Gilbert (1987) were applied.

No outliers were identified using the formal test for outliers using the mean and

standard deviation from the Cohen adjustment of log-transformed data.

Magnesium and Manganese. Magnésium axrldrmanganese were detected in 12 of 12
samples. Based on the Shapiro-Wilk test, the null hypothesis of normality was
rejected for both the log-transformed and the raw data (Table 4-3). The mean and
standard deviation listed in Table 4-3 are for the raw data. The UTL for magnesium
was established as the highest detected value. The UTL for manganese wasr
established as the second highest value, because the highest value was determined to

be a potential outlier.

Vanadium. Vanadium was detected in nine of 11 samples. One of the vanadium
analytical results was rejected during the data-validation process. Based on the
Shapiro-Wilk test, the null hypothesis of normality was accepted for the log-
transformed data (Table 4-3). The mean and standard deviation listed in Table 4-3 are
for the raw data. Because the null hypothesis of log-normality was accepted, a UTLy
based on the mean and standard deviation of the log-transformed data was calculated,
and the UTL was calculated as exp(UTLy). No outliers were identified by the formal

test of the log-transformed data.

Recommendations for Nonparametric Tests. The UTL was established as the highest

or second highest value for several constituents either because the distributions were
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not clearly normal or lognormal, or because the pefcent of nondetects was between 50
and 90 percent. Although UTLs have been calculated for all such constituents, it is
recommended that site-specific comparisons against UTLs for some constituents be
supplemented by nonparametric tests such as the Wilcoxon rank-sum test or the
Kruskal-Wallis test (Gilbert 1987; EPA 1992). Supplemental nonparametric tests are

recommended for magnesium, manganese, and nickel.

4.3.2,2 Total Metals in Groundwater

Aluminum. Barium, Calcium. Iron, Magnesium, Manganese, Nickel, and Sodium.

Aluminum, barium, calcium, iron, magnesium, manganese, nickel, and sodium were
detected in 12 of 12 samples. Based on the Shapiro-Wilk test, the null hypothesis of
normality was accepted for the log-transformed data for all analytes (Table 4-4). The
mean and standard deviation listed in Table 4-4 are for the raw data. Because the null
hypothesis of log-normality was accepted, a UTLy was calculated using the mean and
standard deviation of the log-transformed data, and the UTL was calculated as
exp(UTLy). No outliers were identified by the formal test of the log-transformed

data.

Selenium. Vanadium. and Zinc. Selenium was detected in 10 of 12 samples, and

vanadium and zinc were detected in 10 of 11 samples. One vanadium and one zinc
result was rejected during the validation process. The Shapiro-Wilk test, accepted the
null hypothesis of normality for the log-transformed data for all three analytes
(Table 4-4). The mean and standard deviation listed in Table 4-4 are for the raw data.
Because the null hypothesis of log-normality was accepted, a UTLy was calculated
using the mean and standard deviation of the log-transformed data, and the UTL was
calculated as exp(UTLy). No outliers were identified based on the formal test of the

log-transformed data.

Bervllium, Cadmjum, Chromium, Copper. and Potassium. Beryllium and cadmium

were detected in four of 12 samples, chromium was detected in five of 12 samples,
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and copper and potassium were each detected in six of 12 samples. The minimum

value is a nondetect at the lowest detection limit and the maximum value is the
maximum detected value. The UTL was estimated as the highest detected value. No -

test for outliers was performed.

.
Antimony, Arsenic, Cobalt, and Silver. Antimony, arsenic, cobalt, and silver were -
detected in one of 12 samples. For these four analytes the minimum value is a §
nondetect at the lowest detection limit and the maximum value is the only detected :
value. Mean and standard deviation were not calculated because data were -

insufficient. The UTL was established as the highest detected value. No test for

outliers was performed because of the high number of nondetects.

Lead, Mercury, Molybdenum, and Thallium. Lead, mercury, molybdenum, and

thallium were not detected in any of the background samples. Therefore, the =
minimum and maximum values in Table 4-4 are reported as less than the minimum

and maximum detection limits, respectively. Additionally, the minimum and

maximum values are the same because all of the detection limits for a each analyte
were the same. The UTL for these analytes is defined as the highest ranked value, or

in this case nondetects at a the highest method detection limit.

Recommendations for Nonparametric Tests. The UTL was established as the highest

or second highest value for several constituents either because the distributions were

not clearly normal or lognormal, or because the percent of nondetects was between

50 and 90 percent. Although UTLs have been calculated for all such constituents, it

is recommended that site-specific comparisons against UTLs for some constituents be

supplemented by nonparametric tests such as the Wilcoxon rank-sum test or the
Kruskal-Wallis test (Gilbert 1987; EPA 1992). Supplemental nonparametric tests are

recommended for beryllium, cadmium, chromium, copper, and potassium. -

LA
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4.3.3 Surface Water

Aluminum, Barium, Calcium, Iron, Magnesium, Manganese, Potassium, and Sodium.

Aluminum, barium, calcium, iron, magnesium, manganese, potassium, and sodium
were detected in eight of eight samples. Based on the Shapiro-Wilk test, the null
hypothesis of normality was accepted for the log-transformed data for these analytes
(Table 4-5). The mean and standard deviation listed in Table 4-5 are for the raw data.
Because the null hypothesis of log-normality was accepted, a UTLy based on the
mean and standard deviation of the log-transformed data was calculated, and the UTL
was calculated as exp(UTLy). The highest value detected for aluminum was the only
result identified as a potential outlier based on the formal test of the log-transformed

data.

Copper and Selenium. Copper and selenium were each detected in six of eight

samples. The null hypothesis of normality was rejected for both the log-transformed
and raw data. The minimum value is a nondetect at the lowest detection limit and the
maximum is the maximum detected concentration. The UTL was established as the

highest detected value. No outliers were identified by the formal test.

Vanadium. Vanadium was detected in six of eight samples. Based on the Shapiro-
Wilk test, the null hypothesis of normality was accepted for the log-transformed data
for these analytes {Table 4-5). The minimum value is a nondetect at the lowest
detection limit and the maximum is the maximum detected concentration. Because
the null hypothesis of log-normality was accepted, a UTLy based on the mean and
standard deviation of the log-transformed data was calculated, and the UTL was

calculated as exp(UTLy). No outliers were identified by the formal test.

Arsenic. Beryllium, Cobalt, Lead, and Molybdenum, and Thallium. Arsenic,

beryllium, cobalt, lead, molybdenum, and thallium were not detected in any of the
background samples. Therefore, the minimum and maximum values in Table 4-5 are
reported as less than the minimum and maximum detection limits, respectively.
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Additionally, the minimum and maximum values are the same because all of the
detection limits for a each analyte were the same. Mean and standard deviation were
not calculated for these analytes. The UTL for these analytes is defined as the highest
ranked value, or in this case nondetects at a given detection limit. No test for outliers

was performed.

Antimony, Cadmium, Chromium, Mercury, Nickel, Silver, and Zinc. Cadmium,

mercury, and nickel were detected in one of eight samples; antimony, silver, and zinc
were detected in two of eight samples and chromium was detected in three of eight.
For these seven analytes the minimum value is a nondetect at the lowest detection
limit and the maximum value is the maximum detected concentration. Mean and
standard deviation were not calculated because data were insufficient. The UTL was
established as the highest detected value. No test for outliers was performed because

of the high number of nondetects.

Recommendations for Nonparametric Tests. The UTL was established as the highest
or second highest value for several constituents either because the distributions were
not clearly normal or lognormal, or because the percent of nondetects was between
50 and 90 percent. Although UTLs have been calculated for all such constituents, it
is recommended that site-specific comparisons against UTLs for some constituents be
supplemented by nonparametric tests such as the Wilcoxon rank-sum test or the
Kruskal-Wallis test (Gilbert 1987; EPA 1992). Supplemental nonparametric tests are
recommended for antimony, cadmium, chromium, copper, mercury, nickel, silver,

and zinc.
4.3.4 Stream Sediments

Aluminum. Arsenic, Barium. Beryllium, Calcium, Cadmium, Chromium, Cobalt,

Copper, Lead. Magnesium, Manganese, Nickel. Potassium. Silver, Vanadium. and

Zinc. All of these metals were detected in eight of eight samples. Based on the
Shapiro-Wilk test, the null hypothesis of normality was accepted for the log-
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transformed data for these analytes (Table 4-6). The mean and standard deviation
listed in Table 4-6 are for the raw data. Because the null hypothesis of log-normality
was accepted, a UTLy was calculated on the mean and standard deviation of the log-
transformed data, and the UTL was calculated as exp(UTLy). The highest value
detected for manganese was the only result identified as a potential outlier by the

formal test of the log-transformed data.

Molybdenum. Molybdenum was detected in seven of eight samples. The Shapiro-
Wilk test accepted the null hypothesis of normality for the log-transformed data for
these analytes (Table 4-6). The mean and standard deviation listed in Table 4-6 are
for the raw data, and the UTL was estimated from the mean and standard deviation of
the log-transformed data and calculated as exp(UTLy). The highest value detected for
molybdenum was not identified as a potential outlier based on the formal test of the

log-transformed data.

Iron. Iron was detected in eight of eight samples. Based on the Shapiro-Wilk test, the
null hypothesis of normality was rejected for the log-transformed data but accepted
for the raw data for these analytes (Table 4-6). The mean, standard deviation, and
UTL listed in Table 4-6 are for the raw data. No outliers were identified based on the

formal test of the raw data.

Antimony, Mercury, Selenium, and Sodium. Antimony, mercury and selenium were

detected in one of eight samples, aﬁd sodium was detécted in two of eight samples.
For these four analytes, the minimum value is a nondetect at the lowest detection limit
and the maximum value is the maximum detected value. Mean and standard
deviation were not calculated because data were insufficient. The UTL was
established as the highest detected value. No test for outliers was performed because

of the high number of nondetects.

Thallium. Thallium was not detected in any of the background samples. Therefore,
the minimum and maximum values in Table 4-6 are reported as less than the
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minimum and maximum detection limits, respectively. Mean and standard deviation
was not calculated. The UTL for thallium is defined as the highest ranked value, or in

this case a nondetect at a given detection limit. No test for outliers was performed.

Recommendations for Nonparametric Tests. The UTL was established as the highest
or second highest value for several constituents either because the distributions were
not clearly normal or lognormal, or because the percent of nondetects was between 50
and 90 percent. Although UTLs have been calculated for all such constituents, it is
recommended that site-specific comparisons against UTLs for some constituents be
supplemented by nonparametric tests such as the Wilcoxon rank-sum test or the
Kruskal-Wallis test (Gilbert 1987; EPA 1992). Supplemental nonparametric tests are

recommended for antimony, mercury, selenium, and sodium.

4.4 ORGANICS IN BACKGROUND SAMPLES

Background samples were collected from locations believed to be unaffected by
operaﬁons at NAS Fert Worth. However, all of the sémples were collected from
locations on or near the base, and are thus potent1ally affected by prev1ous base
operatndﬁ; lor by operatlons at Plant 4. To help verify that the background locations
were in fact unaffected by previous activities, the results of analyses for organic

constituents were reviewed.

Each backgrouhd sample was analyzed for volatile and semivolatile organic
compounds, in addition to the inorganic constituents noted previously. Only a limited

number of organic constituents were detected (Table 4-7).

The following paragraphs discuss the VOCs and SVOCs detected in each sample

matrix,
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4.4.1 Surface Soil

Twenty-seven positive detections of organic chemicals from 21 individual samples
were recorded. Of the organics detected, the phthalates and methylene chloride are
common laboratory contaminants. Eight of 10 methylene chloride detections were
qualified during the data validation process as nondetected because these chemicals
were also present in associated blank samples. Toluene was detected nine times in
seven individual samples, and fluoranthene was detected in a single sample. All of
the toluene and fluoranthene detections were “F” qualified by the laboratory as a

value above the detection limit, but below the practical quantitation limit.
4.4.2 Subsurface Soil

Twenty-one positive detections of organic chemicals from 15 individual samples were

recorded. All of the organics detected—acetone, di-xi-butyl phtﬁa]afe, 2-butanone,

and methylene chloride—are common laboratory contaminants. All of the methylene -

chloride detections were qualified during the data validation process as nondetected

because these chemicals were also present in associated blank samples.

4.4.3 Groundwater

Twelve positive detections of organic chemicals from 10 individual samples were
recorded. Both bis(2-ethylhexyl) phthalate and meihjf]éne chloride are common
laboratory contaminants. All of the methylene chloride detections and one of the
bis(2-ethylhexyl) phthalate detections were qualified during the data validation
process as nondetected because these chemicals were also i:)fésent in associated blank

samples.
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4.4.4 Surface Water

Eight positive detections of organic chemicals from five individual samples were
recorded. The organics detected—benzy! butyl phthalate, di-n-butyl phthalate, and
methylene chloride—are common laboratory contaminants. All four of the methylene
chloride detections were qualified during the data validation process as nondetected

because these chemicals were also present in associated blank samples
4.4.5 Sediment

Nine positive detections of organic chemicals from six individual samples were
recorded. Of the organics detected, bis(2-ethylhexyl) phthalate is a common
laboratory contaminant. Benzo(b)fluoranthene and pyrene were detected once, and
fluoranthene was detected twice. All of the detections were “F” qualified by the
laboratory as a value above the detection limit, but below the practical quantitation

limit.
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Legend

A ond B) Background Soil Sample Location
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