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SECTION 1 - BACKGROUND

1.1 Project Background

The United States Army Corps of Engineers (USACE) contracted with O’Brien & Gere
Engineers, Inc. (Contract No. DACW41-87-D-0153) to perform a Confirmation Study at the Former
Forbes Atlas Missile Site S-5 in Bushong, Kansas (Figure 1-1). This report documents the
investigation and evaluation performed during the Confirmation Study. The six sections of this
report discuss the project and program background, site conditions, site investigation, analytical

results, interpretations, and conclusions.

1.1.1 Overview of the Forbes Atlas Missile System

The Atlas Missile Program provided an important element of the United States
defense system during a period of rapid evolution in intercontinental ballistic missile
(ICBM) systems. However, this evolutionary period was short lived. Nine Atlas Missile
facilities were assigned to the former Forbes Field Air Force Base in Topeka, Kansas. The
Forbes Atlas Missile sites consisted of "coffin" type silos in which missiles were stored in the
horizontal position. The horizontal missiles were hydraulically elevated to the vertical
position for firing. These sites were operational from 1959 through 1965. By 1965, the
Atlas Type "E" Missiles were obsolete and all remaining sites were deactivated. Records
indicate that the missiles were returned to the U. S. Air Force, and the missile silo
equipment was sold for salvage. During their operational period, the Atlas Missile sites may
have contributed to environmental contamination from past activities such as fuel storage

or maintenance.
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1.1.2 Potential Contamination

The former Atlas Missile site activities and components which generated potential
contaminants include:

- propellant storage;

- diesel fuel storage;

- hydraulic systems;

- maintenance products including petroleum, oil, lubricants, solvents, batteries,

and paints;

- equipment operations;

- personnel; and,

- sanitary systems.

The propellant storage consisted of underground storage tanks (USTs) containing
kerosene and liquid oxygen. Leakage of liquid oxygen would not have produced a toxic
environmental condition. Due to the short operational period (less than six years), UST
leakage due to deterioration during this period is unlikely. However, kerosene may have
remained in the tank after the site was deactivated. Subsequent deterioration of the tank
may have allowed the remaining kerosene to leak into the surrounding soil. Furthermore,
spillage during tank filling, tank overfilling, and leaking piping or piping connections are
other possible sources of contamination. Propellants were also stored within the missile and
missile silo. Kerosene spillage within the silo would have been discharged through the silo
discharge system to the silo exterior.

Diesel fuel was also stored in a UST at the missile site. Diesel fuel was supplied to
the on-site generator to provide emergency power for control room and launch activities.

At remote Atlas Missile sites where public electric power was not available, on-site



generators supplied normal operating power. As described in the preceding paragraph, tank
leakage resulting from tank deterioration during the short operational period is unlikely;
however, spillage during tank filling, tank overfilling, leaking piping or piping connections
are possible sources of release. Furthermore, leakage of remaining product following site
deactivation as a result of subsequent tank deterioration is another possible source of
contamination.

Following the deactivation of the site, hydraulic fluid may have remained in the
pressure lines, pumps, and cylinders. Subsequent deterioration of the hydraulic system may
have allowed the remaining fluid to leak into the silo and, ultimately, into the environment.

The Atlas Missile sites contained hydraulic systems, pumps, generators, electronics,
heating systems, ventilating systems, air conditioning, refrigeration, and other systems that
required routine maintenance to maintain operational reliability. Maintenance activities
included the use of solvents, petroleum, oil, and lubricants. Accidental spills of these
materials may have led to environmental contamination.

Treatment of sanitary waste which was generated at the Forbes Atlas Missile Site
S-5 consisted of two lagoon cells. Residual sludge which may contain elevated metals
concentrations may be present on site within the former lagoon cells

The missile silo was equipped with sump pumps which removed any ground water
which infiltrated into the silo. The water was apparently pumped to a drainage ditch which
was located at such a distance from the silo to prevent interaction with silo backfill and the

launch control center.



1.2 Program Background

The Department of Defense (DOD) conducts a number of industrial processes and
manufacturing operations. In the late 1970’s, the DOD became aware of the negative impacts of
what were previously considered acceptable disposal practices of waste materials associated with
these processes and operations. In response to that knowledge, programs were developed between
1975 and 1978 by each service division to identify and assess potential contamination on active
military installations. However, only problems with active installations could be addressed because
funds could not be spent on sites not owned by the DOD.

The passage of the 1984 Defense Appropriations Act (DAA) changed this situation. Specific
language in the DAA directed the DOD to extend its efforts to include sites formerly used by the
DOD. Additionally, the DAA broadened the definition of "hazard" to include structures and debris
which were to be abandoned, or had been abandoned, upon termination of the military use of the
site. The DAA directed that the Secretary of Defense assume overall management of the program
to ensure consistent approach and adequate resource allocation to all projects. The Defense
Environmental Restoration Account (DERA) was established to provide resources for the
evaluation and characterization of potential chemical contamination at active and inactive
installations. Specific areas targeted by the DAA include hazardous substances in waters, correction
of other environmental damage, including unexploded materials disposal, demolition and removal
of unsafe buildings and structures, and improving the DOD’s hazardous waste operations.

Sites located on active DOD installations are being investigated under the Installation and
Restoration Program (IRP). Investigations of sites either previously or presently owned by the
DOD which are located on inactive DOD installations are conducted separately from the IRP
efforts. The Atlas Missile sites are classified as non-IRP investigations. The two types of

investigations consist of similar tasks, as described in the following paragraphs.



During an IRP investigation, a records search and site visit are conducted at an active
installation to establish a list of potentially contaminated sites at the installation. A Hazard Ranking
System (HRS) is developed to determine the order in which site investigations are to occur, based
on environmental and/or public health risks. Similarly, non-IRP investigations consist of
background research; however, the research is oriented to determine the ownership history of the
site. Additionally, research into the demolition of structures previously used by the DOD are also
conducted during a non-IRP investigation.

A Confirmation Study is performed during both types of investigations. The study consists
of soil and water sampling and, in some instances, ground water monitoring well installations. The
primary purposes of each study may differ, however. The purpose of a non-IRP Confirmation Study
is to conduct a preliminary assessment of whether contamination exists at an inactive DOD

installation and whether such contamination was caused by the DOD operations.



SECTION 2 - SITE CONDITIONS

2.1 Project Objectives

The Scope of Work (SOW) for this Confirmation Study is dated May 3, 1988. According
to Item 2 of the SOW, the objective of this study is "to provide a preliminary determination of the
presence or absence of chemical contamination which may have resulted from Department of
Defense activities at the site". To fulfill this objective, O'Brien & Gere Engineers, Inc. (O’Brien
& Gere) performed the following tasks:

- Conducted a preliminary site investigation to collect background information;

- Prepared a work plan and a safety plan;

- Installed and developed ground water monitoring wells (GMW #501 and GMW

#502);

- Collected drill water samples;

- Collected and analyzed soil samples;

- \ Evaluated physical and chemical data;

/N : \SV/ Prepared an engineering report including a hazard ranking system (HRS) report;
> and,

- Analyzed ground water samples.

The USACE performed the following tasks:

- Re-developed ground water monitoring wells;

- Collected ground water samples;

- Analyzed drill water samples.

Details of each of these tasks are presented in the following sections of this report and in

the previously approved work and safety plans. This section of the report describes pertinent



background information including the results of the preliminary site investigation, site location and

environmental features, land use, and a history of the property ownership.

2.2 Preliminary Site Investigation Summary

In accordance with Task No. 2 of the SOW, a preliminary site investigation was performed
by Mr. David W. Cika, Mr. Gary W. Fern, P.E,, Mr. A. J. Ramsey, Ms. Suzanne M. Riney, P.E., and
Mr. Kurt J. Unnerstall of O’Brien & Gere in October, 1988. The following information was
obtained during this investigation:

- The site is located at the SE 1/4, Sec. 4, T 16 S, R 10 E, approximately two miles
west and three miles north of Bushong, Kansas in Lyon County. The site may be
accessed from a north/south section road, on the east side of the site, off of
Highway 56 (Figure 1-1).

- According to information obtained from USACE boring logs for the site, the surface
geology at the site consists of four to nine feet of lean, fat, and organic fat clays,
some very gravelly with cobbles. The bedrock material is limestone with alternating
shales of the Chase and Council Grove Groups of Permian Age.

- According to information obtained from USACE boring logs for the site, shallow

ground water is approximately three to ten feet below existing grade.

N . Surface runoff is expected to flow from the immediate site area in a general north—
7 . . o X«? c ( 1/
to northeast direction. o /
—

- The site is enclosed within a chain link security fence but the gate has been

breached.






- The sliding steel door to the coffin silo at the end of the entrance ramp is slightly
ajar and the door adjacent to the silo entrance can be opened to access the complex.
Furthermore, two of the manholes are also accessible.

- Two sewage lagoons are located approximately 50 meters north of the northern

_fence line.

- 2 Slab formations remain for the cooling tower, administration building and

x@”

- Underground structures at the site include the silo, a launch control facility and

maintenance building.

tunnel, and former water, liquid oxygen, kerosene, and diesel fuel underground

storage tanks.

2.3 Site Geology and Environmental Features

Former Forbes Atlas Missile Site S-5, Bushong, Kansas, (Figure 1-1) lies within the eastern
portion of the Flint Hill upland region of the Osage Plains physiographic province. In this region,
bedrock is composed primarily of Permian and Pennsylvanian System sedimentary deposits. From
the Flint Hills Upland region eastward in Kansas, outcropping Pennsylvanian and the overlying
Permian rocks dip gently to the west and northwest with an average dip of 20 to 25 feet per mile.

Competent bedrock of the Permian System, Wolfcampian Series, Chase Group was
encountered in all borings advanced with a drill rig at the site during this study. This corroborates
background information supplied by the USACE indicating that limestones with alternating shales
of the Chase and Council Grove Groups of the Permian Age underlie the site at depths from
between four feet and nine feet below grade. The limestones and shales of the Chase Group are
overlain by deposits of silty clays and clays containing weathered limestone and shale fragments and

cobbles.



Information on depth to bedrock is understood to have been interpreted from pre-silo
construction geotechnical boring logs for the site.  The specific interpretation of the
overburden/bedrock contact interface is subject to discussion since the upper weathered zones of
the Permian Age formation tend to have cohesive "soil-like” properties and are penetrable with
hollow-stem auger drilling methods.

The surface soils at the site have been identified as the Labette silty clay loam and the
Florence-Labette complex, according to the United States Department of Agriculture, Soil
Conservation Service (SCS). The SCS has classified the Labette as a moderately sloping, well
drained soil located on side slopes and the Florence-Labette complex as a gently sloping to strongly
sloping, well drained soil on ridgetops and side slopes.

As part of the confirmation study, two shallow ground water monitoring wells were installed
at the site under the direction of the USACE. Varying thicknesses of fill, clays, and weathered
limestones and shales of the Chase Group were encounterfag in each of the borings. More complete
and detailed sample and lithology descriptions are presénted on the respective field test boring logs
included as Appendix A. Well completion diagrams (Ground Water Monitoring Well Field Logs)
are presented in Appendix B.

Shallow ground water in the study area investigated was initially encountered at depths from
between 17.0 feet and 18.5 feet below ground surface in Permian shales of the Chase Group.
USACE test boring data had placed shallow ground water at depths from between four feet and

nine feet below grade. Ground water elevation data obtained from the monitoring wells is

presented in Tables 3-6 and 3-7, and is represented on Figure No. 2-1.

10



ACHTER>USCOE>SITE.S

FIGURE NO. 2-1

e VI

2,054, 800

2,054

2, 055, 009

2, 055, 100

055, 200

2, 055, 300

e 2,095,400
2. 085, 500

UNDEHGROUND WATER =3
STORAGE RESERCOIR TANKS E; ; ® | 1. 839, 400 L EGEND
= TORER i _—=
= CONCRETE ‘ SHALLGOW SOIL
SUMP DISCHARGE = "5 | A
5‘;5, g § -, ‘ s BORING LQCATION
4 e e — ] a2 ; GROUND WATER
e < \ . s ) N ®  MONITORING WELL
\ ™ ) WELL HEAD #501 AP ~. o A4 £5555 LOCA
\1 { gﬁ‘f&sg) MONUMENT #501 . T - -7 | Tl M o 9, 500
) ~ T Yo - 1,835.50 ®  BRASS MONUMENT
/ ./ N I N [? - o g
/ | { Nmm “TENR 7\ P / ) } \ ofrpﬁ% REEBGN N / »‘:& (1406.89) GROUND WATER
Y J ~ A Y, / | AIR INTAKE L VR OTL AR / /e ELEV. IN FEET AS
o L conchere | e = /1)) % MEASURED BY THE
2 | e\ Y :/ AL USACE ON OR
P \ ‘ %wgﬁmeammms AROUND 8/01/90.
} ; 7 ) o2, 600 —ss22— SURFACE ELEVATION
i
FLAME -] L
EXIT PIJ 3 FORMER
FORBES ATLAS MISSILE
SITE S-§
1,939, 700 BUSHONG, KANSAS

MONUMENT| #502
WELL HEAD #502

— ' \%V
N /APPROX, LOCATION

] |
Ul 4
EEXU;‘ESEGRU ND (1404.63) r ! ‘3
|3t

A | o | GROUND WATER
APPAOX. LOCATION ELEVATION MAP

FORMER
ADMINISTRATION BUILDING
CONCRETE SLAB

OF S5S1

SCALE: 1"=80'-0"

NOTE: 3068.020-04F
SITE PLAN AND ELEVATIONSRaégEgYON
TOPOGRAPHIC SURVEY PERFO

FORGY SURVEYING, ON JULY 13, 1930. B OBRENGOERE

ENGINEERS, INC.

11



The topography of the immediate site area is relatively uniform with relief generally less
than 14 feet. The greatest change in elevation occurs north of the silo area where the grade drops
approximately eight to ten fee}/STx?face drainage away from the immediate site area is generally
in all directions but primarib{ to the &st/toTrds_;n intermittent tributary stream of Bluff Creek.
Bluff Creek is located apprdximately one mile south of the site and flows along a general n/qgftheast

. O
to southwest direction. S (7

N b { , B /
\ A ",‘”v ‘

o . L
24 Land Use

Land use in the immediate vicinity of the site is primarily agricultural. Specifically, the
surrounding properties are used for grazing. An oil field is located approximately 2.2 miles south
of the site. The estimated population within a one-mile radius of the site is approximately 8.25,
based on a house count (assuming 2.75 persons per house) from the U. S. Geological Service,
Bushong, Kansas 7.5 minute series topographic quadrangle map (1971). Bushong, Kansas is located

approximately five miles southeast of the site. Council Grovey, Kansas is located approximately 11

miles southwest of the site.

2.5 Ownership

Former Forbes Atlas Missile Site S-5, totaling 259.97 acres, was acquired by the DOD
through fee, easements, and condemnation from 1959 through 1961. The former Forbes Field Air
Force Base, now the Forbes Airport Authority, is located in Topeka, Kansas. Site S-5 was one of
nine sites located near Topeka, Kansas which were collectively known as the Forbes Atlas Missile

Complex.

12



The government began terminating the easements at site S-5 in 1965. In 1967, the current
site, consisting of 24.55 acres, was conveyed to the City of Admire, Kansas. Flint Hills Development
Corporation purchased the site on August 30, 1967 and then sold the site to Loren H. Hohman on
April 6, 1983. The property was sold to George Nye, et ux, on April 6, 1983. The site is currently

not being used.

13



SECTION 3 - SITE INVESTIGATION

3.1 _Introduction

This section describes each aspect of the site investigation, including the work and safety
plans; a sample numbering scheme; the soil sampling program, which includes sample locations and
sampling procedures; monitoring well installations, including monitoring well locations and

construction; monitoring well development; the water sampling program; and, the site survey.

3.2 Work Plan and Safety Plan

After the preliminary site investigation, the following work plan and safety plan were
developed to describe planned site investigation procedures:

- Work Plan - Former Forbes Atlas Missile Site S-5 - Bushong, Kansas; and,

- Safety Plan - Former Forbes Atlas Missile Site S-5 - Bushong, Kansas.

These Plans were submitted to the Kansas City District Corps of Engineers for review and approval.
Following approval, these Plans provided guidance for site investigation procedures, which began
in May, 1990.

A brief outline of field techniques is presented in the following paragraphs along with field
data gathered during the sampling program. A summary of the sampling program, including the
sample types, the number of each sample type, the analytical parameters, and the sample containers
is presented in Table 3-1. Specific details regarding field methods are presented in the previously

approved work plan. A copy of the field log book is included as Appendix C of this report.

14



S1

Control Samples

Sample Matrix Samples QC (AE lab) QA (USACE)

Table 3-9
Sampting Program

Former Forbes Atlas Missile Site S-5

(@D

Bushong, Kansas

Total Samples

2)
Analysis Parameters per Sample

Sample Containers

A. Soil

1. Geotechnical samples
a. Field sample 4 -

2. Analytical samples
a. Field sample 5 -
b. Background sample 1 -
¢. Duplicate sample - 1

B. Water

1. Soil sampling
a. Rinsate sample - 1
b. Travel blank - 1

2. Drill water sampling
a. Field sample - -
b. Travel blank - -

(3)

3. Ground water sampling
a. Field sample 2
b. Duplicate sample -
¢. Rinsate sample -
d. Travel blank -

N =

Notes:

(1) QA sample containers were provided by CEMRD-ED-L.

(2) Each sample was analyzed for the parameters listed with the exception of the travel blanks.

(3) The number of ground water QA samples are estimates based on the approved work plan.

N =

—

SN

Grain size distribution, moisture content,
and Atterberg limits.

Volatile Organics
Polynuclear Aromatic Hydrocarbons (PAH)
Total Metals

Volatile Organics
Polynuclear Aromatic Hydrocarbons (PAH)
Total Metals

Volatile Organics
Polynuclear Aromatic Hydrocarbons (PAH)
Total Metals

Volatile Organics
Polynuclear Aromatic Hydrocarbons (PAH)
Total Metals

1-8 oz. widemouth glass

2-4 oz. widemouth glass
1-8 oz. widemouth glass
1-8 oz. widemouth glass

2-40 ml. glass vials
2-1 liter amber glass
1-1000 ml. polyethelene

2-40 ml. glass vials
2-1 \liter amber glass
1-1000 ml. polyethelene

2-40 ml. glass vials
2-1 liter smber glass
1-1000 ml. polyethelene

Travel blanks were analyzed for volatile organics only.

These samples were collected by the USACE.



3.3 Sample Numbering

Sample numbers represent the site name, sample matrix, and sample location. Soil sample
numbers consist of four characters. The first two characters of each sample number represent the
site name. In other words, "S5" corresponds to "Site S-5" which represents the Former Forbes Atlas
Missile Site S-5. The third character of the sample number represents the sample matrix; "S"
denotes a soil sample. The final numerical character in each soil sample number corresponds to
the sample location number. Water sample numbers consist of six characters. The first three
characters, "GMW", represent a ground water monitoring well sample. The fourth character
represents the site name; "5" corresponds to "Former Forbes Atlas Missile Site S-5". The final two
numerical characters in each water sample number correspond to the sample location number.
Travel blank sample numbers consist of five characters. As with the soil sample numbers, the first
two characters correspond to the site name. The third and fourth characters, "TB", stand for "Travel
Blank". The final character in each travel blank sample number was used to differentiate between
travel blank samples. During the ground water sampling expedition, the USACE collected an
additional trave] blank which was designated "Trip Blank". Quality Control samples are preceded
by either a "D" (duplicate) or an "R" (rinsate). Quality Assurance samples are preceded by an "M"

(duplicate) or an "MR" (rinsate). Table 3-2 summarizes the sample numbering scheme.

16



Sample
Number

$5s1
§582
$583
§554
§5s5
§556
* Ds5s2
* RS5S82
** MDS5S2
** MRSS5S2

*¥k DHS

GMW501
GMW502
* DGMW502
* RGMWS02
** MDGMW502
** MRGMWS02

s57181

$5TB2
Trip Blank

Notes:

*%

Table 3-2
Sample Numbering

former Forbes Atlas Missile Site S$-5

Sample
Matrix

Soil
Soil
Soil
Soil
Soil
Soil
Soitl
Water
Soil
Water

Water

Water
Water
Water
Water
Water
Water

Water
Water
Water

Bushong, Kansas

Description
of Sample

Soil sample number one (background sample).
Soil sample number two.

Soil sample number three.

Soil sample number four.

Soil sample number five.

Soil sample number six.

Duplicate of soil sample number two.
Rinsate sample for soil sample number two.
Duplicate of soil sample number two.
Rinsate sample for soil sample number two.

Drill water sample.

Ground water monitoring well 501.

Ground water monitoring well 502.

Duplicate of ground water monitoring well 502.
Rinsate sample for ground water monitoring well 502.
Duplicate of ground water monitoring well 502.
Rinsate sample for ground water monitoring well 502.

Travel blank number one.
Travel blank number two.
Travel blank number three submitted by the USACE.

Quality control sample sent to Southwest Laboratory of Oklahoma.

Quality Assurance sample sent to CEMRD-ED-L.

17



3.4 Soil Sampling Program

The soil sampling program at the Former Forbes Atlas Missile Site S-5 included samples
collected for geotechnical analysis and samples collected for chemical analysis. The following

paragraphs discuss the sampling procedures and locations.

3.4.1 Geotechnical Soil Sampling Procedures

Geotechnical soil sampling was performed during drilling procedures which occurred
from May 22, 1990 through May 24, 1990. The boreholes for the ground water monitoring
well installation were advanced with a Central Mine Equipment drilling rig (CME-55)
supplied and operated by Layne-Western, Inc. Soil samples were obtained with a two-foot
split spoon sampler according to ASTM D1586-84. Two samples from each boring were

analyzed for grain size distribution, moisture content, and Atterberg limits.

3.4.2 Shallow Soil Sample Locations

Shallow soil samples were collected for chemical analysis in six locations at the site.
Sample locations were outlined in the approved work plan for this project based on
information obtained during the preliminary site investigation. Shallow soil sample locations

are shown in Figures 3-1 and 3-2.

18
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3.4.3 Shallow Soil Sampling Procedures

Soil samples for chemical analyses were collected with a stainless steel hand auger
at a depth of approximately one foot. Augering proceeded at each sampling location from
the sampling depth (one foot) until sufficient soil had been collected for the required
samples. The soil was emptied from the auger into a stainless steel bowl and then
transferred to the sample containers. Specific sampling procedures are outlined in the
previously approved work plan. Copies of Field Sampling Reports and Chain-of-Custody

Records for soil samples are included as Appendix D of this report.

3.5 Monitoring Well Installation

Two shallow ground water monitoring wells (GMW #501 and GMW #502) were installed

i, to assess specific_subs t the Former Forbes Atlas Missile Site S-5.{ The wells were
M
s

installed and completed according to the general guidelines set forth in the previously approved

monitoring well installation plan which may be found in the previously approved work plan. | The

work plan originally outlined locations for three monitoring wells; however, during installation

procedures, limestone bedrock was encountered in the location of monitoring well GMW #503.
After approximately 43 hours, the borehole for GMW #503 remained dry. Therefore, an alternate
location was selected for GMW #503; however, bedrock was again encountered and no shallow
ground water entered the borehole. Therefore, after consultation with the USACE, the attempted
installation of GMW #503 was abandoned at the direction of the USACE. The following sections

briefly discuss monitoring well locations, construction, and development.
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3.5.1 Monitoring Well Locations

The locations of the monitoring wells installed at the site (GMW #501 and GMW

#502) are shown in Figure 3-1. Each location is discussed below:

- Monitoring Well GMW #501: Monitoring Well GMW #501 was installed

west of the silo structure. The well was located to assess shallow ground
water in the vicinity of the underground diesel fuel storage tank.

- Monitoring Well GMW #502: Monitoring Well GMW #502 was installed

east of the silo structure to assess shallow ground water in the vicinity of the

liquid oxygen tank and the area east of the silo structure.

3.5.2 Monitoring Well Construction

A CME-55 drill rig was used to advance the borings for ground water monitoring
well construction. The rig was equipped with 3.75-inch inner diameter (ID), 6.5-inch outer
diameter (OD) hollow stem augers. ,! The Monitoring Well Installation Plan for Former
Forbes Atlas Missile Site S-5 statgd that all of the borings for the monitoring wells would
be terminated after penetrating approximately 11 feet into the phreatic zone of the
shallowest unconfined aquifer. In accordance with the installation plan, final penetration
depths were determined in the field based on actual subsurface conditiens in order to
comply with conditions set forth in the SOW and in the previously approved wof;;‘l;n.
These conditions included the prevention of possible inter-aquifer contamination. The t(;tal
depths of each well are given in both the field test boring logs (Appendix A) and the ground
water monitoring well field logs (Appendix B). The monitoring wells were constructed after

completely drilling each borehole. The monitoring wells were constructed within each

borehole with the following materials: new, commercially fabricated, threaded, "O" ring
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sealed, flush joint, No. 10 machine slot (0.010 inch) 2-inch ID, Schedule 40 polyvinylchloride
(PVC) screen; new, threaded, "O" ring sealed flush joint, 2-inch ID, Schedule 40 PVC solid
riser pipe and cap; non-carbonate silica sand; bentonite pellets, grout mixture (cement,
bentonite, and water); steel security box cover with lock; and protective steel posts. A
concrete pad (three feet by three feet by four inches thick) was constructed around each
well and a brass monument cap was set in the surface of each pad. ¢ o
The monitoring wells were constructed from May 22, 1990 through June 7, 1990.
The boring at each well was advanced with the hollow stem augers. Split spoon soil samples
were collected from each borehole using a two-foot split spoon sampler according to ASTM
D1586-84. The borings were advanced beyond the phreatic zone of the shallowest aquifer
encountered until auger refusal was encountered at a competent layer of limestone bedrock
at each boring location. Upon completion of the borings, the 2-inch PVC screens and risers
’ were then assembled and placed inside the augers at each boring location. The sand pack
and bentonite pellets were placed within the annular space between the auger casing and
the PVC casing through a tremie pipe. A stainless steel centralizer was installed on the
riser at each location. The augers were removed from the boreholes. t each location, the
e W s uuﬁﬁ ?v“’/
bentonite pellets were wetted every ten minutes for'30 minutes &nd hydration was allowed
to continue for at least eight hours. A cement-bentonite grout mixture was placed on top
of the bentonite seal through a tremie pipe and allowed to cure for a minimum of 48 hours
before beginning well development. Finally, the well completion system, consisting of the

concrete pad, steel security box cover, and steel posts, was constructed at each well location.

Table 3-3 lists pertinent information on well construction details.

22
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Table 3-3

Well Construction Data
Former Forbes Atlas Missile Site $-5

Bushong, Kansas

Q) (&)} 2) (2) (2)
Well Boring Depth Screened Interval Sand Pack Bentonite Seat Grout Interval Construction
Number (feet) (feet) (feet) (feet) (feet) Date
GMW #501 24.3 13.3-23.3 14.3 2.7 7.3 05/23/90
GMW #502 21.5 10.5-20.5 12.5 2.5 6.5 05/22/90
Notes:

(1) Depth below ground surface.

(2) Length of material in well column.

23



Copies of the field test boring logs, ground water monitoring well field logs, and field
log book are included as Appendices A, B, and C, respectively. The field log book contains
records of daily activities as entered by the site geologist. The field test boring logs show
relevant stratigraphic data on borings for each well and the total depth of each boring.
Ground water monitoring well field logs document well construction information including

quantities and types of materials used.

3.5.3 Monitoring Well Development
Development of monitoring wells GMW #501 and GMW #502 occurred from June

2, 1990 until June 7, 1990. The purpose of well development was to remove fine particles,

such as silt and clay, that were introduced into the well during the drilling process, and to

the aquci%gfd he well. Each well was
£d-

ided bv Layne Western, Inc,, and by

improve the hydraulic connegtio

Comsis
developed by surging with surge-¢e
developed by ot

manually bailing with a stainless steel bailer. Well development data are summarized in
Table 3-4.

Field measurements included the following: the depth to static water level in each
well; the depth to the bottom of each well; quantity of standing water in each well (including
the saturated sand pack interval); water quality data including pH, specific conductance, and
temperature measurements; physical characteristics of the water in each well; development
equipment; surge techniques; and, the quantity of water removed from each well. The well
development data sheets (Appendix E) list measurements of water quality during different

stages of well development that are used to evaluate development conditions. No significant

variations in these parameters were noted during well development. The final

measurements of pH, specific conductance, and temperature are presented in Table 3-5.
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Table 3-4
Well Development Data
H Former Forbes Atlas Missile Site §-5

A0 Bushong, Kansas
(2)
(&D) Quantity of Water Quantity of Water Duration of Duration of
Well Method of in Wetl Removed from Well Surging Bailing Development
Number Development (gal lons) (gallons) Chours) Chours) Turbidity Dates
GMW #501 Surging, bailing 5.9 38.0 1.00 1.67 Moderate 06/02/90 - 06/07/90
GMW #502 Surging, bailing 4.9 36.0 1.00 2.15 Moderate 06/02/90 - 06/07/90

/t\\ hLLUV‘tXL(%’(T 5,5;j>
Notes:
(1) The monitoring wells were developed using two techniques:
(a) Surging with 5.0 ft. of AW drill rod attached to a surge block with neoprene seals.
(b) Bailing with a 4.0 ft. long, 1-1/2" outside diameter, bottom check ball valve discharge PVC bailer with poly rope.

(2) Quantity of water in well casing and saturated annulus.



Table 3-5

Ground Water Quality Measurements
Former Forbes Atlas Missile Site $-5

Bushong, Kansas

N
Well Specific Conductance Temperature v (
Number pH (umhos/cm) C) Date
GMW #501 7.17 610 19.0 06/07/90
GMW #502 7.01 710 18.5 06/07/90
Note:

All measurements reflect final instrument readings at the end

of well development.
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3.6 Water Sampling Program

The water sampling program at the Former Forbes Atlas Missile Site S-5 included samples

of drill water and shallow ground water which were collected for chemical analyses. The following

paragraphs discuss the sampling procedures.

3.6.1 Drill Water Sampling Procedures

Water used during drilling procedures and for decontamination of drilling equipment
was obtained from the City of Bushong, Kansas. The water was sampled directly from the

tank which was mobilized to the site by Layne Western Company, Inc.

3.6.2 Ground Water Sampling Procedures

The shallow ground water monitoring wells at Former Forbes Atlas Missile Site S-5
were sampled in two phases. During the first phase, O’Brien & Gere mobilized to the site
on August 1, 1990. Static water level measurements in each well were made during this

phase. These measurements are summarized in Table 3-6. Based on these measurements,

the volume of water in each well was calculated).‘%volume of water equal to five times the

v-

actual volume of water in each well was removed from each well using a stainless steel
bailer. Water quality measurements including pH, specific conductance, and temperature

were obtained throughout the bailing procedures. These measurements are summarize

/

Ao p9t wmeliok L LULZ(/&J,‘Z)M%-
d in ¢

Table 3-6. After the five well volumes were removed from each well, sampling procedures
were terminated. The USACE returned to the site on August 21, 1990 to perform final
sampling of the wells. During this sampling expedition, the monitoring wells were re-

developed with a surge block and teflon bailer. A copy of the USACE field report is
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included in Appendix F. Table 3-7 summarizes the USACE well re-development data
generated during the sampling expedition from August 21 through August 30, 1990. Table
3-8 summarizes the USACE ground water measurements taken during the sampling

expedition.

3.7 Site Survey

Well-head casing elevations at the Former Forbes Atlas Missile Site S-5 were surveyed by
Forgy Surveying in June, 1990. Top of casing well-head elevations are presented in Table 3-6 and
Table 3-8. A vertical control was set by using the triangulation station (STING) brass disk located
at the silo entrance. The datum benchmark elevation is 1425.59. In addition, shallow soil sample

locations were identified on the survey. The site survey has been included in this report as

Appendix G. | , K 0[0, ! 4 wd

ooy | . 'J—' i { ¢
! H R Y\ E i/()’()/
f

#\%auﬂ@’fy v
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Table 3-6
Ground Water Level Summary
Former Forbes Atlas Missile Site §-5
Bushong, Kansas

(1) Depth to Ground Ground Water (2
Well TOC Water Surface Elevation Coordinates
Number (feet) (feet below TOC) (feet) Date North East
GMW #501 1625.19 18.30 1406.89 08/01/90 2054941.77 1939515.76
GMW #502 1421.90 17.27 1404.63 08/01/90 2055046.28 1939686.34

Notes:

(1) TOC - Top of well casing elevation based on bench mark elevation at triangulation
station "STING" referenced on the Site Survey in Appendix G.

(2) Coordinates based on State Plane Coordinates referenced on the Site Survey in
Appendix G.
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Tabte 3-7
USACE Well Re-development Data
Former Forbes Atlas Missile Site $-5
Bushong, Kansas

2)
) Quantity of Water Quantity of Water Duration of
Well Method of in Well Removed from Well surging and Bailing Devel opment
Number Re-development (gallons) (gallons) (hours) Turbidity Dates
GMW #501 sSurging, bailing 3.0 11.0 2.25 Some 08/21/90 - 08/30/90
GMW #502 Surging, bailing 1.6 16.0 2.18 Some 08/21/90 - 08/30/90

Notes:
(1) The monitoring wells were developed using two techniques:
(a) Surging with a CME 55 drill rig with an attached two-inch diameter 15-foot surge block.
(b) Bailing with a two-inch teflon bailer and teflon line.

(2) Quantity of water in well casing and saturated annulus.



Table 3-8
USACE Ground Water Measurements
Former Forbes Atlas Missile Site S$-5
Bushong, Kansas

(&)
(1) Depth to Ground Ground Water Specific (3)
Well TOC Water Surface Elevation 2) (3) Conductance Temperature
Number (feet) (feet below TOC) (feet) Date pH (umhos/cm) ({%)
GMW #501 1425.19 18.60 1406.59 08/21/90 7.7 730 17
GMW #502 1421.90 17.90 1404.00 08/21/90 7.15 880 22
Notes:

(1) TOC - Top of well casing elevation based on bench mark elevation at triangulation
station "STING" referenced on the Site Survey in Appendix G. .é—-’
0821450,

(2) Assumed date. USACE re-development and sampling efforts at Site $-5 began o

(3) ALl measurements reflect final instrument readings at the end of re-development.
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SECTION 4 - ANALYTICAL RESULTS

4.1 Geotechnical Analvtical Results

During the ground water monitoring well installations, soil samples were collected for
geotechnical analyses. Two samples were collected from each borehole and analyzed for grain size
distribution, moisture content, and Atterberg limits. Table 4-1 summarizes the analytical results.

A copy of the laboratory report is included in this report as Appendix H.

4.2 Soil Analytical Results

Shallow soil samples were collected at six locations at the Former Forbes Atlas Missile Site
S-5 (Figure 3-1). Soil samples were analyzed for volatile organics, polynuclear aromatic
hydrocarbons, and total metals. The analytical methods performed are listed in Table 4-2.

The results of the soil sample analyses are summarized in Table 4-3. A copy of the
laboratory report is included in this report as Appendix I. Five volatile organics were detected.
Acetone was detected in samples S553 and DS5S2. The greatest concentration of acetone, 0.010
milligrams per kilogram (mg/kg), was detected in sample DS5S2. A chloroform concentration of
0.002 mg/kg was estimated in samples S552, S5S3, S554, S5S6, DS5S2, and S5TB1 (0.002 milligrams
per liter). Methylene chloride was detected in every sample. Sample DS5S2, a duplicate of sample
S5S2, registered the greatest concentration of methylene chloride at 0.036 mg/kg. Sample S5S2
registered 0.033 mg/kg of methylene chloride. Toluene was detected in the rinsate sample, RS5S2,
at an estimated concentration of 0.001 mg/kg. Trichloroethene (trichloroethylene) was detected
in sample DS5S2 at a concentration of 0.010 mg/kg.

One semi-volatile organic, naphthalene, was detected in sample DS55S2. The estimated

concentration of naphthalene was 0.071 mg/kg.
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Table 4-1
Geotechnical Analytical Results
Former Forbes Atlas Missile Site §-5
Bushong, Kansas

Sample Percentage (1) Moisture
Sample Interval Sand Unified Soil Content Atterberg Limits
Number (feet) (%) Classification (X) LL PL P1

GMW501 3.0-5.0 61 ML 27.0 48 30 18
GMW501 19.0-21.0 75 MH 19.7 58 38 20
GMWS02 4.0-6.0 65 CH 27.0 51 22 29
GMW502 8.0-10.0 56 CH 16.4 36 20 16

Notes:

(1) Based on laboratory analysis and USC Plasticity Chart.

(2) LL = Liquid Limit
PL = Plastic Limit
P1 = plasticity Index (PI=LL-PL)

33



Table 4-2
Analytical Methods for Soil Samples
former Forbes Atlas Missile Site $-5
Bushong, Kansas

(2)
(@D) Detection Limit
Parameter Method (mg/kg)
Volatile Organics 8240 0.0050-0.0100
Semi-Volatile Organics 8270 0.6600
Metals
Arsenic 7060 2.0
Barium 6010 4.0
Cadmium 6010 1.0
Chromium 6010 1.0
Lead 6010 0.6-4.0
Mercury 7471 0.1-0.2
Selenium 7740 1.0
Silver 6010 2.0
Notes:

(1) Source: Test Methods for Evaluating Solid Waste,
Physical/Chemical Methods,
EPA SW-846, Third Edition, November, 1986.

(2) Detection limits are for Southwest Laboratory of
Oklahoma, Inc., for soil samples only. See
Appendix A for detection limits for rinsate and
travel blank samples.

34



S¢

Parameter

Volatile Organics

Acetone
Chloroform
Methylene Chloride
Toluene
Trichloroethene

Semi-Volatile Organics

Naphthalene

Metals

Arsenic
Barium
Cadmium
Chromium
Lead

Notes:

BOL

NA

Results in mg/l
Below Detection Limit

Analyte detected in the method blank as wetl as in the sample

Table 4-3
Summary of Positive Analytical Results

for Soil Samples

Bushong, Kansas

Results in mg/kg
Sampled 05/23/90

Former Forbes Atlas Missile Site S-5

Sample Designation

$581 §582 §553 §554 $585 $586 DS582 RS582 *  §5TB1 *
BDL BDL 0.002 84 BOL BOL BDL 0.010 B BDL BOL
BOL 0.002 B4 0.002 BJ 0.002 BJ BDL 0.002 By 0.002 BJ BDL 0.002 J

0.015 0.033 B 0.0228 0.021B 0.011B 0.0177B 0.036B 0.0088B 0.0178
BDL BOL BDL BDL BDL BDL BDL 0.001 J BDL
BDL BDL BDL BDL BDL BDL 0.010 BDL BDL
BDL BDL BDL BDL BDL BDL 0.071 4 BDL NA
6.7 3.6 5.3 4.9 4.7 BDL 3.2 BDL NA
134 129 179 2180 152 76.6 155 BOL NA
BDL 1.3 BDL BOL BDL BOL 1.4 BOL NA

18.9 12.6 14.7 15.7 1.7 20.8 13.1 BDL NA
23.0 41.6 33.0 19.8 18.8 12.0 63.8 8DL NA

Estimated value of concentration below detection Limit

Not Analyzed



Concentrations of five metals exceeded the detection limits. Arsenic was detected in
samples S5S1, S552, S5S83, $554, S5S5, and DS5S82. The background sample, $551 exhibited the
greatest concentration of 6.7 mg/kg. Barium was detected in all of the samples except the rinsate
sample, RS5S2. A barium concentration of 2,180 mg/kg was detected in sample S554. Cadmium
was detected in samples S5S2 and the duplicate of sample S552, sample DS5S2, at concentrations
of 1.3 mg/kg and 1.4 mg/kg, respectively. Chromium was detected in all of the samples except the
rinsate sample, RS5S2. Sample S5S6 registered the greatest concentration of chromium at 20.8
mg/kg. Lead was also detected in all of the samples except the rinsate sample RS5S82. The greatest
concentration of lead, 63.8 mg/kg, was detected in sample DS5S2, the duplicate of sample S5S2.

Sample S5S2 exhibited the second greatest lead concentration of 41.6 mg/kg.

4.3 Drill Water Analytical Results

Drill water samples were submitted to the USACE Missouri River Division Laboratory. The
/
analytical results for these samples may be inserted into Appendix J of this report. @

/

4.4 Ground Water Analvtical Results

Two ground water monitoring wells were installed and sampled in accordance with the
general guidelines set forth in the SOW and the previously approved work plan. Copies of the
Chain-of-Custody Records for ground water samples are included as Appendix K of this report.
Ground water samples were analyzed for volatile organics, semi-volatile organics, and total metals.

The analytical methods performed are listed in Table 4-4.
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Table 4-4
Analytical Methods for Water Samples
former Forbes Atlas Missile Site S-5
Bushong, Kansas

(2)
(@D Detection Limit
Parameter Method (mg/t)
Volatile Organics 8240 0.0050-0.0100
Semi-Volatile Organics 8270 0.0100-0.0125
Metals
Arsenic 7060 0.0100
Barium 6010 0.0200
Cadmium 6010 0.0050
Chromium 6010 0.0050
Lead 6010 0.0300
Mercury 7470 0.0002
Selenium 7740 0.0050
Silver 6010 0.0100
Notes:

(1) Source: Test Methods for Evaluating Solid Waste,
Physical/Chemical Methods,
EPA SW-846, Third Edition, November, 1986.

(2) Detection limits are for Southwest Laboratory of
Oklahoma, Inc.

37



The results of the ground water sample analyses are summarized in Table 4-5. Copies of
the laboratory reports are included as Appendix L of this report. Five volatile organics were
detected. An acetone concentration of 0.004 milligrams per liter (mg/1) was estimated in the rinsate
sample, RGMWS3502, and the travel blank, SSTB2. A concentration of bromodichloromethane of
0.002 mg/1 was estimated in the rinsate sample, RGMWS502 and the sample designated "Trip Blank".
Chloroform was detected in the rinsate sample RGMW502 and the sample designated "Trip Blank"
at concentrations of 0.054 mg/l and 0.040 mg/}, respectively. Trans-1,2-dichloroethene was detected
in samples GMW502 and DGMW502 at concentrations of 0.098 mg/1 and 0.104 mg/], respectively.
Trichloroethene (trichloroethylene) was also detected in ground water samples GMWS502 and
DGMWS02 at concentrations of 0.076 mg/l and 0.085 mg/l, respectively. A trichloroethene
concentration of 0.002 mg/l was estimated in sample GMW501.

No semi-volatile organic compounds were detected in any of the ground water samples.

Three metals were detected. Barium was detected in samples GMW501, GMWS502, and
DGMWS502, at concentrations of 0.134 mg/l, 0.234 mg/l, and 0.235 mg/], respectively. Chromium
was detected in samples GMWS502 and DGMWS502 at concentrations of 0.021 mg/! and 0.019 mg/],

respectively. A lead concentration of 0.043 mg/l was detected in sample GMW501.
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Table 4-5
Sumary of Positive Analytical Results
for Ground Water Samples
Former Forbes Atlas Missile Site S$-5
Bushong, Kansas

Results in mg/l
Sampled 08/21/90 - 08/30/90

Sample Designation

Trip
Parameter GMW501 GMW502 DGMWS02  RGMWS02Z S5782 Blank
Volatile Organics
Acetone BOL BOL BOL 0.0046 4 0.004 BOL
Bromodichloromethane 80L BOL BOL 0.002 J BOL 0.002
Chloroform BOL BDL BOL 0.054 BDL 0.040
Trans-1,2-Dichloroethene BDL 0.098 0.104 BDL BDL BOL
Trichloroethene 0.002 J 0.076 0.085 BDL BDL BDL
Metals
Barium 0.134 0.234 0.235 BDL NA NA
Chromium BDL 0.021 0.019 BDL NA NA
Lead 0.045 BDL BOL BDL NA NA
Notes:
BDL = Below Detection Limit
J = Estimated value of concentration below detection limit
NA = Not Analyzed
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4.5 Quality Assurance/Quality Control Results

Quality Assurance/Quality Control (QA/QC) procedures for this project are defined in the
previously approved work plan. QA/QC procedures are established for sampling methods, testing
procedures, and documentation of control and organizational responsibility. QA/QC samples were
sent to both Southwest Laboratory of Oklahoma, Inc. (SWLO) and the U. S. Army Corps of
ivision Laboratory (CEMRD-ED-L). The analytical results for samples

~ T S .
may be ‘t\{gched to thg report as Appendix M. The remainder of this

Engineers Missouri Riv

'
1

sent to CEMRD-ED-
section discusses only those samples sent to SWLO. ~> wL‘O ot MED .

Five types of QA/QC samples were analyzed by the laboratory for soil and water samples.
These types of samples consisted of duplicate, replicate, spike, rinsate, and blank samples. In
addition to these types of samples, the laboratory has established internal QA samples which are
used to analyze method controls, instrument calibration, and internal QA procedures. Complete
analytical results, including QA/QC results, are included in this report in Appendices I and L.

A duplicate sample is a sample which is collected at the same location as one of the field
samples. A duplicate sample is submitted to the laboratory for analysis as a separate sample. The
duplicate soil sample, DS5S2, was collected at the location of sample S5S2. Although acetone and
trichloroethene were not detected in sample S5S2, 0.010 mg/kg of these volatile organic compounds
were detected in the duplicate sample, DS5S2. A concentration of 0.002 mg/kg of chloroform was
estimated for both samples S552 and DS5S2. Methylene chloride was detected in both samples
S5S2 and DS5S2 at concentrations of 0.033 mg/kg and 0.036 mg/kg, respectively. Although
naphthalene was not detected in sample S5S2, 0.071 mg/kg of naphthalene was detected in the
duplicate sample DS552. No other semi-volatile organics were detected in either sample. Similar
concentrations of metals were detected in samples S552 and DS5S2. Arsenic registered 3.6 mg/kg

in sample S5S2 and 3.3 mg/kg in sample DS5S2. Cadmium concentrations of 1.3 mg/kg and 1.4
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mg/kg were detected in samples S5S2 and DS5S2, respectively. Chromium was detected in samples
$5S2 and DS5S2 at concentrations of 12.6 mg/kg and 13.1 mg/kg, respectively. The concentrations
of barium and lead varied slightly more between samples S552 and DS5S2. Barium was detected
in sample S5S2 at a concentration of 129 mg/kg whereas 155 mg/kg of barium were detected in
sample DS5S2. Lead was detected in samples S5S2 and DS5S2 at concentrations of 41.6 mg/kg and
63.8 mg/kg, respectively. In general, the concentrations of each constituent in samples S552 and
DSSS2 are of the same magnitude considering the heterogeneous nature of soils in Kansas, which
may produce a wide range of analytical results.

The duplicate ground water sample, DGMWS502, was collected at the same location as
GMW502. Trans-1,2-dichloroethene was detected in samples GMW502 and DGMW502 at
concentrations of 0.098 mg/1 and 0.104 mg/l, respectively. Trichloroethene was detected in sample
GMWS502 at a concentration of 0.076 mg/l, and in sample DGMWS502 at a concentration of 0.085
mg/l. No semi-volatile organics were detected in either sample. Barium was detected in samples
GMWS502 and DGMWS502 at concentrations of 0.234 mg/l and 0.235 mg/l, respectively. Chromium
concentrations of 0.021 mg/l and 0.019 mg/l were detected in samples GMW502 and DGMW502,
respectively.

Replicate samples are portions of a single field sample which is split either upon arrival at
the laboratory or just prior to analysis. These portions, in addition to the field sample, are analyzed
as separate samples. The matrix spike and matrix spike duplicate are two replicate samples.

In matrix spike and matrix spike duplicate samples, known quantities of certain analytes are
added to a sample prior to sample extraction and analysis. The sample is split into replicates,
spiked and analyzed. The objective of spiking is to determine the extent of interference on analyte
recovery and precision from one sample to the next. Percent recoveries are calculated for each

analyte detected in the samples. The relative percent difference between the samples is then
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calculated. These results are used to assess analytical precision. The analytical results for the
matrix spike and matrix spike duplicate samples are summarized in Table 4-6.

All samples to be analyzed by the laboratory are spiked with one or more surrogate
compounds prior to extraction and analysis. A surrogate compound is an organic compound which
is similar to the analytes in chemical composition, extraction, and chromatography, but which is not
normally found in a field sample (EPA, November, 1986). Percent recoveries are calculated for
each surrogate compound in each sample. The surrogate compounds used for the volatile organics
analyses were toluene-d8, bromoflourobenzene, and 1,2-dichloroethane-d4. With the exception of
sample DS5S2, the percent recoveries for these compounds in all soil and ground water samples
were within the advisory limits established by the EPA (EPA, November, 1986). The percent
recovery for toluene-d8 was above the EPA advisory limit, and the percent recovery for
bromoflourobenzene was below the EPA advisory limit in sample DS5S2. The surrogate compounds
used for the semi-volatile organics analyses were nitrobenzene-d5, 2-flourobiphenyl, and terphenyl-
d14. The percent recoveries for these compounds in all soil and ground water samples, except soil
sample S554 and ground water samples GMWS501 and GMWS502, were within the EPA advisory
limits. The percent recovery for terphenyl-d14 for sample S554 was above the EPA advisory limits,
and the percent recoveries for 2-flourobiphenyl for samples GMW501 and GMWS502 were below
the EPA advisory limits. The percent recoveries for all surrogate spike samples are summarized

in Table 4-7.
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1)

Table 4-6
Quality Control: Percent Recovery
for Spike Samples
Former Forbes Atlas Missile Site §-5
Bushong, Kansas

(&) (2) (3)
Matrix Spike Relative Percent Laboratory EPA
Matrix Spike (MS) Duplicate (MSD) pifference Control Limits Control Limits
Parameter Medium Percent Recovery Percent Recovery (RPD) %X Recovery RPD % Recovery RPD
Volatile Organics:
1,1-Dichloroethene Water 86 86 0 61-145 14 D-234 -
Trichloroethene Water 92 92 0 71-120 14 T71-157 -
Benzene Water 9 90 2 76-127 11 37-151 -
Toluene Water 98 96 2 76-125 13 47-150 -
Chlorobenzene Water 98 98 o] 75-130 13 37-160 -
Semivolatile Organics:
1,4-Dichlorobenzene Water 50 48 4 346-97 27
N-Nitrosodi-n-propylamine Water 52 52 0 41-116 38 D-230 -
1,2,4-Trichlorobenzene Water 46 47 2 39-98 23 &4-142 -
Acenaphthene Water 56 53 5 46-118 19 47-145 -
2,4-0initrotoluene water 63 62 2 24-96 47 39-139 -
Pyrene Water &7 69 3 26-127 36 52-115 -
Total Metals
Arsenic Soil 59 71 18 - - - -
Barium Sofl 84 90 2.9 - - 75-125 20
Cadmium Soil 101 101 0 - - 75-125 20
Chromium Soil 88 100 13 - - 75-125 20
Lead Soit 82 86 6.3 - - 75-125 20
Mercury Soil 95 - -
Selenium Soil 91 91 0 - - - -
Silver Soil 99 99 0 - - 75-125 20
Notes:

(1) RPD = [|(MSD-MS)|/((MSD+MS)/2)1x100
(2) Source: Southwest Laboratory of Oklahoma, Inc.

(3) Source: Test Methods for Evaluating Solid Waste, Physical/Chemical Methods, EPA SW-B46é, Third Edition, November, 1986. D = Detected (D > 0).



Table 4-7
Quality Control: Percent Recovery
for Surrogate Spike Samples
Former Forbes Atlas Missile Site S§-5
Bushong, Kansas

1 (€]
Laboratory EPA
Surrogate Spike Control Limits Control Limits
Parameter Medium Percent Recovery Percent Recovery Percent Recovery
vVolatile Organics:
Toluene-d8 Soil 97-119 * 81-117 81-117
B8romof luorobenzene Soil 67-107 * 74-121 74-121
1,2-Dichloroethane-d4 soil 95-105 70-121 70-121
Toluene-d8 Water 95-102 88-110 88-110
Bromof luorobenzene Water 93-101 86-115 86-115
1,2-Dichloroethane-d4 Water 86-98 76-114 76-114
Semivolatile Organics:
Nitrobenzene-dS Soil 58-91 23-120 23-120
2-Fluorobiphenyl Soil 65-101 30-115 30-115
Terpheny!-d14 Soil 73-142 * 18-137 18-137
Nitrobenzene-d5 Water 36-44 35-114 35-114
2-Fluorobiphenyl Water 32-45 * 43-116 43-116
Terphenyl-d14 Water 60-78 33-141 33-141

Notes:
(1) Source: Southwest Laboratory of Oklahoma, Inc.

(2) Source: Test Methods for Evaluating Solid Waste, Physical/Chemical Methods, EPA SW-846,
Third Edition, November, 1986.

* = Surrogate recovery outside of QC limits.
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A blank is an artificial sample which is used to monitor the introduction of artifacts into the
sampling process. Travel blanks consist of analyte free, or deionized, water which is transported
in sample containers to the field and then to the laboratory without being opened. In this way,
travel blanks monitor sample contamination originating from sample transport, shipping and site
conditions. Travel blanks were analyzed for volatile organics for soil, ground water, and drill water
samples for this project. The results of these analyses are presented in Tables 4-3, 4-5, 4-6, and 4-7.
A chloroform concentration of 0.002 mg/l was estimated in sample S5TB1, and a chloroform
concentration of 0.040 mg/l was detected in the sample designated as "Trip Blank". Sample S5TB1
was collected during the soil sampling expedition and the sample designated as "Trip Blank" was
collected during the ground water sampling expedition. During the soil sampling expedition,
methylene chloride was detected in sample SSTB1 at a concentration of 0.017 mg/l. Methylene
chloride was also detected in the laboratory method blank, however. A bromodichloromethane
concentration of 0.002 mg/l was estimated for the sample designated "Trip Blank".

A second type of blank called an equipment blank, or rinsate sample, was also collected
during the soil and ground water sampling expeditions. Rinsate samples consist of deionized water
which is passed over decontaminated sampling equipment and subsequently analyzed for the same
parameters as the field samples. Rinsate samples monitor sampling equipment cleanliness. The
analytical results for the rinsate samples collected during the soil and ground water sampling
expeditions are presented in Tables 4-3 and 4-5. Rinsate sample RS5S2 was collected prior to
collecting soil sample S5S2. Methylene chloride was detected in sample RS5S2 at a concentration
of 0.008 mg/l, and a concentration of 0.001 mg/] of toluene was estimated for sample RS5S2.
Methylene chloride was also detected in the laboratory method blank. Rinsate sample RGMWS502

was collected prior to collecting ground water sample GMWS502. Concentrations of 0.004 mg/I and



0.002 mg/l of acetone and bromodichloromethane were estimated for sample RGMWS502.

Chloroform was detected in sample RGMWS502 at a concentration of 0.054 mg/L.
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SECTION 5 - INTERPRETATIONS

5.1 Summary of Analytical Data

The analytical results for this investigation are summarized in Tables 4-3, 4-5, 4-6, and 4-7.
Copies of the laboratory reports for soil samples are included as Appendix I, and copies of the
laboratory reports for ground water samples are included as Appendix L. Table 5-1 compares the
maximum concentration of soil constituents to the concentrations observed at the background
sample location. Table 5-2 compares the maximum concentrations of ground water constituents to
current Federal and State regulatory criteria. Copies of the ground water regulatory criteria are
included as Appendix N of this report.

Five volatile organics were detected in the soil samples. Similarly, five volatile organics were
detected in the ground water samples. However, only three of these volatile organics, acetone,
chloroform, and trichloroethene, were detected in both soil and ground water samples. An acetone
concentration below the detection limit was estimated in soil sample S5S3. Although acetone was
not detected in sample §5S2, acetone was detected in the duplicate of sample S5S2, sample DS5S2.
Acetone was also detected in the laboratory method blanks associated with the soil samples. A
concentration of chloroform below the detection limit was estimated in soil samples S5S2, S5S3,
S554, S5S6, DS5S2, and the travel blank S5TB1. A chloroform concentration was also estimated
in the laboratory method blanks. The travel blank associated with the soil samples was analyzed
at a later date than the soil samples. The laboratory method blank on this date did not register any
concentration of chloroform. Chloroform concentrations above the detection limit were detected
in the ground water rinsate sample, RGMW502, and the sample collected during the ground water
sampling expedition, designated “Trip Blank"; however, chloroform was not detected in the

laboratory method blanks associated with the ground water samples. Trichloroethene was detected
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Table 5-1
Summary of Soil Constituent Concentrations
Compared to Background Concentrations
Former Forbes Atlas Missle Site $-5
Bushong, Kansas

e

Maximum Concentration

Detected ckground Concentration

Parameter (mg/kg) Location Detected (mg/kg)
Volatile Organics:

Acetone 0.010 B DS582 BOL

Chloroform 0.002 BJ * BDL

Methylene Chloride 0.036 8 DS582 0.015 B

Toluene 0.001 J ** RSS5S2 BDL

Trichloroethene 0.010 D$582 BOL
Semi-Volatile Organics:

Naphthalene 0.071 J DS5s2 BDL
Metals (Total):

Arsenic 6.7 $581 6.7

Barium 2180 $584 134

Cadmium 1.4 DS5s2 BOL

Chromium 20.8 §556 18.9

Lead 63.8 DS582 23.0

Notes:
* = §582, $583, S5S84, S5S86, DS5S82, and S5TB1 levels of chloroform
were estimated at 0.002 mg/kg.
** = Results in mg/l.
BDL = Below Detection Limit
B = Analyte detected in the method blank as well as in the sample.
J = Estimated value of concentration below detection limit.
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Parameter

volatile Organics:

Acetone
Bromodichloromethane
Chloroform
Trans-1,2-Dichloroethene
Trichloroethene

Metals (Total):
Barium

Chromium
Lead

Notes:

Table 5-2

Summary of Ground Water Constituent Concentrations
Compared to Current Standards and Criteria
Former Forbes Atlas Missile Site $-5
Bushong, Kansas

Maximum Concentration

Regulatory Criteria

Detected Federal *
(mg/l) Location Detected (mg/1)
0.004 J RGMW502, S5TB2 -
0.002 J RGMW502, Travel Blank 0.100
0.054 RGMWS02 0.100
0.104 DGMWS02 -
0.085 DGMWS02 0.005
0.235 DGMW502 1.000
0.021 GMW502 0.050
0.045 GMW501 0.050

State **
(mg/1l)

0.100
0.100
0.070
0.005

1.000
0.050
0.050

* Source: Maximum Contaminant Level (MCL) from the National Primary Drinking Water Regulations, 1985.

** Source: Kansas Department of Health and Environment, Groundwater Contaminant Target Standards,

June 6, 1988.
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in soil sample DS5S2, but was not detected in any of the laboratory method blanks associated with
the soil samples. A concentration of trichloroethene below the detection limit was estimated in
ground water sample GMWS01. Trichloroethene was also detected in samples GMWS502 and
DGMWS502, but was not detected in any of the laboratory method blanks associated with the ground
water samples. Methylene chloride was detected in every soil sample collected at the site and was
also detected in the laboratory method blanks. Methylene chloride was not detected in any of the
ground water samples from the site. A toluene concentration below the detection limit was
estimated in soil sample DS5S2, but toluene was not detected in sample S552, the ground water
samples, or the laboratory method blanks associated with the soil and ground water samples.
Although bromodichloromethane was not detected in any of the soil samples collected at the site,
concentrations of bromodichloromethane below the detection limit were estimated in the ground
water rinsate sample, RGMWS02, and the sample designated "Trip Blank". Bromodichloromethane
was not detected in the laboratory method blanks associated with the ground water samples. Trans-
1,2-dichloroethene was detected in ground water sample GMWS502 and the duplicate of ground
water sample GMW502, sample DGMWS502. Trans-1,2-dichloroethene was not detected in the soil
samples from the site or the laboratory method blanks associated with the soil and ground water
samples.

One semi-volatile organic compound was detected in the duplicate soil sample. Although
naphthalene was not detected in sample S5S2, a naphthalene concentration below the detection limit
was estimated in sample DS552. No semi-volatile organic compounds were detected in the ground
water samples or the laboratory method blanks associated with the soil and ground water samples
collected at the site.

Five metals were detected in the soil samples collected at the site. Three of these metals,

barium, chromium, and lead, were also detected in the ground water samples. Barium was detected
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in every soil and ground water sample collected at the site. Barium was not detected in the soil or
ground water rinsate sample or the laboratory method blanks associated with the soil and ground
water samples. The concentrations of barium in the soil samples ranged from 76.6 mg/kg in sample
S5S6 to 2180 mg/kg in sample S5S4. Chromium was detected in every soil sample and in ground
water sample GMW502 and the duplicate of sample GMW502, sample DGMW502. Chromium was
not detected in the soil or ground water rinsate sample or the laboratory method blanks associated
with the soil and ground water samples. Lead was detected in every soil sample and in ground
water sample GMWS501. Lead was not detected in the soil or ground water rinsate sample or the
laboratory method blanks associated with soil and ground water samples. Arsenic was detected in
every soil sample except sample S$5S6. Cadmium was detected in soil sample S5S2 and the duplicate
soil sample DS5S2. Neither arsenic nor cadmium was detected in either the soil rinsate sample, the
ground water samples, or the laboratory method blanks associated with the soil and ground water
samples.

Of the five volatile organic compounds detected in the soil samples, the maximum
concentrations of acetone, chloroform, methylene chloride, and trichloroethene were detected in
the duplicate soil sample, DS5S2. Chloroform was also detected at the same or lesser estimated
concentration in samples S5S2, S5S3, S5S4, S5S6, S5TBI1, and the laboratory method blanks.
Toluene was only detected in the soil rinsate sample, RS5S2, at an estimate concentration below
the detection limit. All five compounds were detected at concentrations exceeding the
concentrations detected in the background sample, S5S1. The maximum concentrations of three
of the five volatile organic compounds detected in the ground water samples, acetone,
bromodichloromethane, and chloroform, were detected in the ground water rinsate sample,
RGMW502. These concentrations are below the established Federal and State regulatory criteria.

Concentrations of acetone and bromodichloromethane equivalent to the maximum concentrations
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of these compounds were also detected in the travel blanks SSTB2 and "Trip Blank”, respectively.
The maximum concentrations of trans-1,2-dichloroethene and trichloroethene were detected in the
duplicate ground water sample, DGMWS502. These concentrations exceed the established Federal
and/or State regulatory criteria.

The maximum concentration of naphthalene was detected in the duplicate soil sample
DS5S2. Naphthalene was not detected in the background soil sample or in any ground water
sample.

The maximum concentration of arsenic was detected in the background soil sample S5S1.
Arsenic was not detected in any of the ground water samples. The maximum concentration of
barium was detected in soil sample S584, and is more than 16 times greater than the concentration
of barium detected in the background sample. The maximum concentrations of cadmium and lead
were detected in the duplicate soil sample, DS5S2. Cadmium was not detected in the background
soil sample. The maximum concentration of lead was a little less than three times greater than the
background lead concentration. The maximum concentration of chromium was detected in soil
sample S5S6 and was comparable to the background chromium concentration. The maximum
concentrations of barium, chromium, and lead in ground water were detected in samples
DGMWS502, GMWS502 and GMWS01, respectively. All of these concentrations were below the

established Federal and State regulatory criteria.

5.2 Factors Influencing Results

Acetone, chloroform, and methylene chloride were detected in soil and ground water
samples and were also detected in laboratory method blanks associated with soil samples. These
compounds are common laboratory artifacts used in such processes as solvent extraction. Acetone

is also used as a solvent for paint and varnish and to clean and dry precision equipment.
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Chloroform is used in some refrigerants and as a fumigant or an insecticide. Methylene chloride
is also used in paint removers and as a degreasing agent. Although these compounds are commonly
present in materials associated with maintenance activities, such as solvents, degreasers and
cleaners, the presence of these compounds in the laboratory method blanks at similar concentrations
suggests that the presence of these compounds in the field samples is most likely due to laboratory
procedures.

Toluene was detected in the rinsate sample collected during the soil sampling expedition;
however, toluene was not detected in any soil sample or travel blank associated with soil samples.
Toluene is used in aviation gasoline and high-octane blending stock, and in paint solvents, lacquer
thinners and diluents, detergents, and explosives. The presence of toluene in the rinsate sample but
not in any of the soil samples may indicate that toluene is present in the soil but at such minute
concentrations that matrix interferences prevent accurate detection of the compound. The analytical
results do not suggest that the presence of toluene poses a significant environmental threat at this
site. Based on the analytical results, O’Brien & Gere is unable to determine whether or not toluene
exists at the site as a result of past DOD activities.

Trichloroethene was detected in soil samples at concentrations exceeding the background
concentration and in ground water samples at concentrations of 0.076 mg/] and 0.085 mg/I which
exceeds the Federal and State regulatory criteria of 0.005 mg/l. Trichloroethene is used primarily
as a metal degreaser, a solvent for many organic compounds, as a refrigerant and heat exchange
liquid, for cleaning and drying electronic parts, as a diluent in paints and adhesives, and in
aerospace operations such as flushing liquid oxygen. Trichloroethene was not found in any rinsate
sample, travel blank, or laboratory method blank. The presence of trichloroethene in the soil and

ground water samples is most likely due to past DOD activities.
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Trans-1,2-dichloroethene was detected in ground water samples at concentrations of 0.098
mg/l and 0.104 mg/l which exceeds the State regulatory criteria of 0.070 mg/l. No Federal
regulatory criterion has been established for trans-1,2-dichloroethene. This compound is used as
a solvent for organic materials, and in perfumes, lacquers, and thermoplastics. Trans-1,2-
dichloroethene was not detected in any rinsate, travel blank, or laboratory method blank. The
presence of trans-1,2-dichloroethene is most likely due to past DOD activities.

Bromodichloromethane was detected in the ground water rinsate sample and one of the
travel blanks associated with the ground water samples. The concentrations of
bromodichloromethane were below the established Federal and State regulatory criteria of 0.100
mg/l. The analytical results do not suggest that the presence of bromodichloromethane poses a
significant environmental threat at the site.

Naphthalene was detected in the duplicate soil sample, DS5S2. Naphthalene is used as a
moth repellent, fungicide, antiseptic, lubricant, preservative, cutting fluid, and emulsion breaker.
Naphthalene was not detected in the soil rinsate sample, or the travel blank or laboratory method
blanks associated with the soil samples. The presence of naphthalene may be due to past DOD
activities.

Barium was found in soil samples greatly exceeding the background barium concentration
(134 mg/kg). The greatest concentration of barium (2,180 mg/kg) was detected in sample S554,
which was located adjacent to the former equipment hatch. Barium was detected in the ground
water samples collected at the site at concentrations of 0.134 mg/1, 0.234 mg/l and 0.235 mg/l which
are below established Federal and State regulatory criteria of 1.000 mg/l. Barium is used in
bearings, spark-plug alloys, and as a copper deoxidizer. Other forms of barium are also used as
corrosion inhibitors and paint pigments and in electronic equipment and pyrotechnics. Although

all of the barium concentrations detected at the site are within the typical range of\ native soil
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concentrations of barium (100-3,500 mg/kg) (Dragun, 1988), the presence of barium at such an
elevated concentration (2,180 mg/kg) is probably the result of past DOD activities at the site.

Chromium was detected in soil and ground water samples collected at the site. The greatest
concentration of chromium was detected in sample S$5S6, which was collected from one of the
lagoon cells where metals concentrations were potentially elevated due to sanitary waste. However,
this concentration, 20.8 mg/kg, is comparable to the background concentration, 18.9 mg/kg in
sample S5S1. These concentrations are within the typical range of native soil concentrations of
chromium (5.0-3,000 mg/kg) (Dragun, 1988). The chromium concentrations found in the ground
water samples are below the Federal and State regulatory criteria. Chromium is used as an alloying
and plating element, as a coating on automotive and equipment appurtenances, and in inorganic
pigments. The presence of chromium at the site is most likely not a result of past DOD activities
at the site.

Lead was detected in soil and ground water samples. The greatest concentration of lead
detected in the soil samples (63.8 mg/kg) is approximately three times greater than the background
lead concentration (23.0 mg/kg). However, all of the lead concentrations detected at the site are
within the typical range of native soil concentrations of lead (2.0-200 mg/kg) (Dragun, 1988). The
lead concentration of 0.045 mg/I in ground water is below the Federal and State regulatory criteria
of 0.050 mg/l. Lead is used in batteries, ammunition, solder and foil, and as a gasoline additive and
cable covering. Lead concentrations in the soil may be present as a result of past DOD activities

at the site.

;senm detected in the soil samples collected at the site. The highest

J

of arsenic was detected in the background sample. Arsenic is used as an alloying

cencentrati
additive for metals and in electronic devices. Only slightly elevated concentrations of cadmium were

detected in the soil samples. Cadmium is used in metal coatings, fire-protection systems, batteries,
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power transmission wire, television phosphors, pigments, fungicides, and selenium rectifiers. The
arsenic concentrations detected at the site are within the typical range of native soil concentrations
(1.0-40 mg/kg) (Dragun, 1988). Therefore, the presence of arsenic is most likely not a result of past
DOD operations at the site. Although the cadmium concentrations detected in the soil samples are
within the typical range of native soil concentrations of cadmium (0.01-7.0 mg/kg) (Dragun, 1988),
cadmium was not detected in the background sample. Cadmium concentrations in the soil may be

due to past DOD activities.
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SECTION 6 - CONCLUSIONS

6.1 Conclusions

The purpose of this investigation was to assess whether or not contamination exists at the

Former Forbes Atlas Missile Site S-5 in Bushong, Kansas as a result of past DOD activities at the

site. Evaluation of the analytical results from sampling at the site suggests the following

conclusions:

The volatile organic compound trichloroethene was detected in soil samples at
concentrations exceeding the background concentration and the volatile organic
compounds trichloroethene and trans-1,2-dichloroethene were detected in ground
water samples at concentrations exceeding the Federal and State regulatory criteria.
The presence of trichloroethene in the soil samples and trichloroethene and trans-
1,2-dichloroethene in the ground water samples is most likely due to past DOD
activities at the site.

The heavy metal barium was found in soil samples at concentrations greatly
exceeding the liz{ckground barium concentration. Barium was detected in the ground
water samples collected at the site at concentrations below established Federal and
State regulatory criteria. Although some metals naturally occur at high levels in
Kansas soils, the presence of barium at such an elevated concentration is probably
the result of past DOD activities at the site.

The volatile organic compound toluene was detected in the rinsate sample collected
during the soil sampling expedition; however, toluene was not detected in any soil
sample or travel blank associated with soil samples. The presence of toluene in the

rinsate sample but not in any of the soil samples may indicate that toluene is present
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in the soil but at such minute concentrations that matrix interferences prevent
accurate detection of the compound. The analytical results do not suggest that the
presence of toluene poses a significant environmental threat at this site.

The volatile organic compound bromodichloromethane was detected in the ground
water rinsate sample and one of the travel blanks associated with the ground water
samples at an estimated concentration of 0.002 mg/l. This concentration of
bromodichloromethane is below the established Federal and State regulatory criteria
of 0.100 mg/l. The analytical results do not suggest that the presence of
bromodichloromethane poses a significant environmental threat at this site.

The semi-volatile organic compound naphthalene was detected in the duplicate soil
sample, DS5S2. Naphthalene was not detected in the soil rinsate sample or the
travel blank or laboratory method blanks associated with the soil samples. The
presence of naphthalene may be due to past DOD activities at the site.

The heavy metals chromium and lead were detected in soil and ground water
samples collected at the site. The greatest concentration of chromium is comparable
to the background chromium concentration. The greatest concentration of lead is
approximately three times the background concentration of lead. The chromium
(0.019 mg/l and 0.021 mg/l) and lead (0.045 mg/l) concentrations found in the
ground water samples are below the Federal and State regulatory criteria which are
0.050 mg/I for both chromium and lead. The presence of chromium at the site is
most likely not a result of past DOD operations at the site; however, lead

concentrations in the soil may be due to past DOD activities at the site.
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Slightly elevated concentrations of the heavy metal cadmium were detected in the
soil samples. Cadmium concentrations in the soil may be due to past DOD activities
at the site.

Arsenic was detected in the soil samples collected at the site. The highest
concentration of arsenic was detected in the background sample. Most likely, the
presence of arsenic may be attributed to native soil characteristics and is not a result
of past DOD activities at the site.

The volatile organic compounds acetone, chloroform, and methylene chloride were
detected in soil samples collected at the site. Acetone and chloroform were also
detected in ground water samples. These compounds are most likely present due

to laboratory procedures.
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g / (DOO%(SL o FLAME EXIT PIT [ 22 S <G \ el b Qé | \ I / / l /
t\\\\ 2.4 ZLB\ Dy 198 K 8.8 : / 8.2 / 178 {6z " f [6:6 S
Eoaeu0 . SRR T e B bl R TR CONC. SLAB u—%‘_w : £ A ({6 (
. I & // s alepi b e teaglin s T \ /l / ; s
’ "COFFIN" ]I 2 ' . 5 I Y'} / ot 3 \ \
/’ // / o /,///\X & \ \67
= ! T ;
4o o A T
g \ s Lo o 7
gf \\‘-—\——/// /a./ /:///4 //;
b \ o B ///
5. . ot s 5 e /
é 197 ) /// o S // / / / / §
= / Z Sk / 13.
é« | ‘ /i /7 / /r i ot /ia / a{
§ \ 19 L 22j72 2276 226 203 19.p 20.4 s o i / e = : ~ \/8.9‘\ 19.7 / r a7z / / 4.2 / A 9
3 W e o e . - \ fi]
3 \ j o L S X WELL HEAD#502 \_ . /. ¥ : / / I il
E \ k / s o s - \| —MONUMENT #502 5 / D \ \ / / / / ;
\ \ v BRASS CAP / \ ; l ) |
y J / / L < \ / \ / 203 \ /9.3 \ 9.2 / / / 3.5 3 1,939,700
{ 1939,700 4&% | ) \ /220 /J / 1.6 o 8.2 s X 194 191 8.7 \If:/ 9.7 ﬁ 203 - < / 7 I '
SR o 7% " g B P
N 97 o s “ el N N o \ e ! —|4 L @
' . 8.4 \\\“L’ S e //9.4 / 4/7 17.4 \ 18f7 18.8 8.7 18.2 18.p \7&0 9.5 9.5 19}4 19.2 8.7 I/ 18.5 /ssl / ) 3.8 3.6 3o/ ?s 8
| : : 5
/I 1/ § <
/
ago % § 3 , % // 27 _§ gl
§ 0 Y o § // 0
o o O N / ’ 8, o 04.7
N o o oJ [I o5 \/ ‘% O‘Q B §
e )
| | e : :

\ \&\\‘_\\ \\0‘1\04.:\\ 7
£

' VT ) \
| “ 2% &l ox \] e e \\ a4 1939,700

SURVEYOR ~ 7

,J;Zr/ gy Suley 43, 1950 | Q\\ \\ \\

/ { 00.3 \\ X o
L ot b
DESCRIPTION COORDINATES ELEVATION et \ ( NC. SEWERAGE
1 NORTH EAST \ \57 / / [ / A\ [
WELL HEAD  #50I 205494177 1939515.76 142519 \ ( ( \ /
#502. 2055046.28 1939686.34 1421.90 s \ @ l \\ k s
3 | o cB ‘ CONC. INLET \ k
3 t ) MONUMENT #50I 2054942.45 1939516.61 1422.76 \ \ \@ \ @> 9.5 =401, \ \ }
§ #502 205504710 1939687.03 1419.705 @ \ \ \ \f ctiaon s & 9_9\ l { / [
RN 4.
s Atk il (o)
3 SOIL BORING 5582 20547635 1939459.6 1414.8 \ \ \ i € s —_— / / / 7 o \ 15
A S583 2055083.6 1939650.9 14113 el M A / \
b 04.6 4 T /
S534 2055225.7 1939551.2 1420.9 \ o TR iy e e et \
$5S5 20555085 19394812 1415.0 ) I e gl 4.3
L 5556 2055715.6 1939793.4 1401 \ \ & [T o e =
4 232 04.8 CONC. SEWERAGE ™~
;, e@ INLET 4 0
2 NOTES: \ { ore s 04.5 ool i
~- L GRID COORDINATES ARE EST. Gl \ :
PLANE COORDINATES. THS 15 BASED ON THIANG. — \ 092 et i \
ULATION STATION (STING). BRASS DISK PARTIALLY L T e
: OBLITERATED BUT STILL EVIDENT. N=2055049.7] s <Rl L Noee
; €=93962L.550. REFERENCE AZIMUTH TRIANG- '8 A i .
E TRIANGULATION STATION (STING ULATION STATION (KNOB) 337°18°26". @ 95\5 l 04.7 047/ s et PGS oyt \ \
OORDINATES: N 2 X : :
g E 193962155 20K ng?gg%nx ELEVATION 1425.59. TRIANGULATION ) ! ‘/ / & f n c\o/vc — \\ ‘ ,939,800
T T T = e T
LEGEND o \ |
B ‘
& @ J I l I 4.5 043
L ® MONUMENT (brass disk) ‘ } —— / COpC. SEWERAGE
3 STATE OF KANSAS /
E YISIE o sama g . MONITORING WELL l ‘ ] ! j } ! f < /
i : + SOIL BORING ( [ /
E‘ I, Galen L. Forgy, registered and authorized to practice Land ‘/‘- ‘7295'22.“,04..5 365153 : ] / /
%! Surveying in the aforesaid County and State, do hereby certify @ CONTOUR ELEVATION = |1417.0 } ( l \ /
B that the measurements and elevations shown hereon are true and . A S 1/4 COR, SEC, 4, TIES-RI = ( {
E accurate to the best of my knowledge and belief. SSORDNATES: R & oAaTHAS SPOT ELEVATION ‘ ] l é” Yo oo /
E \\ \ K\ -__|.499 99y
£

«:'3'.,. |',‘ Scale: I" = 20' \
: bR 2% 10 0 20 \\\ '

S R YRR oy

By
i e e S R i o e
e S AN
é s \ : \ i - \ \\\\\ \h\: i \ <
' £ \\\\:'—“"' ~\ @\ \\. : X 1939,900

TOPOGRAPHIC SURVEY
of
FORBES ATLAS MISSLE SITE, S-5

located in
SE 1/4 SEC. 4, TI6S-RIOE
LYON CO. KANSAS

FORGY SURVEYING

SALINA 42/ NORTH OHIO 9I3-827-97/0 KANSAS
s
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APPENDIX A

FIELD TEST BORING LOGS



ENGINEERS, INC.

TEST BORING LOG

Sheet

PROJECT LOCATION: Formen Forbes

SAMPLER

BORING NO.G MW # 50/ / ok 2.
-

WATER ENTERS: a1 /B.S8" while
()rtllido

TYPE:AgTM D | -4 Spht
Mos Missile Side-S Bu;hoa&,l«s HAMME%,L‘O?bs.S%G B Sl spoer
CLIENT: J4 Ac B FALL: 30" FILE NO: 206%.020
BORING CO: L ore Weptern RIG: (M E ~5S | BORING LOCATION: Wegt of Silo
GROUND ELEVATION: Toc:
0BG GEOLOGIST: DNpve C ' lha DATES STARTED: 5-23-70 ENDED: 5-23 -~99
T, 55SAMPLE
" STRATUM
%&‘ " - aLows | Peny | SAMPLE DESCRIPTION CHANGE |HNU
o ) Feed) 6" REC. HoA 334" Z.B. 572" 0.b
Fat - 2° As{phoh‘ aver &"Crishe) tock bose Fot
[ el - DorK brown ¢ Hy ~1,. :
+ o 3.0 0 52,0//,2 0 1 <loy with some o
5 Creshed Pock oan o nofneld- Moist L
2 I D
. L
//Z Derk browa s.)+7 c)o\/ wAh bome ¢ hepd -
3 (Nc\ lIM(s*}onc, ‘Fwomer{g— o st Q
42 [2.0- 5.0 ¢ |aof. J
D S
4 /7 Rock content inc Cc)s.'\%
o % i CLe
) Yellow- or ~. \
47 ls.0-7.0 17 2,0//- OWh ord = p 'Yca.e,ra*c,l\, to (Lg) o
. L cer P"g"““/ Heutbar-N e sdone , Drekoa
A Vo P PN < -
Iy or '{(-f).'/r_,\‘ 74 fofe s,\+y UO\/
. A% Seots ar) lojary. '\{)MP to Mmoig+
. _ L5
White 4o "S’nf iv’o\/ ) e b+0f\€/ moder~ ( )
% UAC)\/ Weaﬂ"crf,/\,*roc*ura(), Hora
Yorilhs ; - ~ 1
3.5 105 | 30 los/ey il "y Tine xle - damp CL: |o
Me X um brown +¢ ton 4 H‘\/ c)a\\, o/\(\ (L 5)
[0 cloyy with oborg. 4 vieathered limestone U«S)
froq ments ~ moiot
I Wh¥e +o light grey slightly tomoderately
wenthered lime stone £:ae o Micro Nn
02 D:Hicut )‘Pillfnj
- 5H)
[ #5 A5 - (4.8 730 0.5[).5 bioht biown ard ToN eatherey coleureous ( o
2 6%&‘&, oce blach ”\O‘H‘:’\\OJ ond Somce
fust CH(AC() g1 2 ring | )o»x(crcé AN
(¢ horizoriyl Bedden - ;\\;mp to woigt
[~
REMARKS:




ENGINEERS, INC.

TEST BORING LOG

BORING NO. GMW A5/ ;hffi

PROJECT LOCATION:Former
Atles Migsile Site-8& e\thOl\o,Ks

CLIENT: USACR

Forbes

HAMMER: 140 |bs,
FALL: 20"

SAMPLER

WATER ENTERS: ot /%.5 while
TYPE:ALTM D 15 86-24 <piit spoon Orilling

FILE NO: 20E6%F. 020

BORING CO: Loyne wWestern

RIG: CME- S5 |BORING LOCATION: West of silo

GROUND ELEVATION: TOC:
086 GEOLOGIST: Dave CiHKa DATES STARTED: 5-23-9¢ ENDED: §-23 -9
= 45 SAMPLE
i BLOWS | PEN/ SAMPLE DESCRIPTION Aol TV
P R Eeod 6" | REC. | HoA - 33m"T.0. 642" 0.D. )
ﬁé ’610 '[10 % QIO//»/ mCC)ZUM +o ’:3)\-} bfown O”C\ -‘}nh c)a7 \5)\0’6 ($H> Q
16 /j ond Shole 5)i®h+)-, colcorepus, Iavered,
v e):s\%l\, Foosile- (\(A/Y\P
1
some wWith 0ctogsiona) very Thin
% |:me stone beds (Acopilo ceas linesore
Water enters ot 1% 5" wh Jc&r.‘)’:/\sin shale
9 .
#91/7.0- 210 | A) ).310.9 Meivm browr ang 4on to blac k (0o tledy) O
20 ;LC} SW\{ or) C)a\/ Shole ‘Y’Jss'HcrO‘J‘o,
750 CO‘CO(?O'}S’ |0-}fr'\ N Y T rusk
oy SR ok TS W O A S R S
22 Mme):om brown an) Yor to block o)
@M-( (ﬁ\oﬁic-}) shalc (OCQ% cbf 9}\0\5>
2 h:SM 3 o) Crfeous - mgst (Cs)
e Ar oV aceous Jitnestone
T.0. -AH. D ﬁuoer refuse) on competent
25 |»Me5‘\oac
- Lot 100" o 2-fach I.D., Sch.40 PVC, 10 Mechine
a ol well Screen at A3, 3~ Riser cos hoy
2.9 Abov rode,
T RPN (AR SIS )
21 - Silice 50rd pack from 243 + X3
- Berdonite Pe}ld sea) from 10,0' Y0 7.3
= - Grovk from 13 +o oppron 1,0' below wa\c
(T~pe I portlord cement ank oppron. 3%
29 bentonite Pow.)\cr)
- BerYonite seol h\l()fo‘iior\ +irve -~ 6(60+e/‘
Yhor ¥ hours
29 é
REMARKS: - GeeA seq) cour: ng) Yime - sroo-}cr +hon

1% }\oufé
- Fire) b“r»ckup 29"




Sheed
S OBRIENSoERE TEST BORING LOG [BORING NO.GMWASOL jof 2

ENGINEERS, INC, -
HAToEg ENTERS: ot /7.0" below

PROJECT LOCATION: Former Forbes ~ SAMPLER . Arede White drilling
. }o - TYPEEASTM ) 1536-34 splid spoon
Atles Misgle Site -5 6kaonj,KQ HAMMER: 140 b
CLIENT: ()4 ACE FALL: 30~ FILE NO: 306%. DAQ
BORING CO: Lo ne- RIG: CME- SS | BORING LOCATION: Bast of Silo
7 ne- Wesdern GROUND ELEVATION: TOC:
0BG GEOLOGIST: Dave C;¥a DATES STARTED: s-22-90 ENDED: 5-23-9¢
T4 <6,SAMPLE .
a v SAMPLE DESCRIPTION STRATUM 1 U
& no. | ety [ BLONS | EEW 5, oo CHANGE
(Feet 6 REC. HoA 3°/4 1.0, &72 0.D.
Fl~Lorae limestore boulder Ovcrl\/f:ﬁ Frl
DerK brown 503y r)A\/ wth some |iméiiane

‘Fr09”€”5 ~maoist

2 o ;
H |2.0- 4o b |hoba Dotk biowr sily clay, 5om‘< Jime stone o
C — Yeooments Arece sard- Noiet
N
3 % Troce To04s
4 % Appwcn‘l end O‘F 10 o4 q.O/
3 . 10O
o i ;.Q/M Berk brown 5114y cloy wirk obyndyat Cht
5 Moderedely to se el weothered imestone (L$>
2 froo ments +roce rocds - motst
6 5 Obg{f‘u<+f0/\ at S0 whiie avaerin
#3 6.0 - ?.0 10 /';/0-7 L Abondent Iime 5‘}9/1( ord ¢ herd ‘Fra\q)mcfb @)
22 ViRite 4o e nd afo | or) ten Seuere)y (Ls)
2 720 WC()\-H\QI‘C(\ +o COMP)C+()7 WCV,..H\C“(&\
% gmze%om,/ on '4 Q_’f‘/ :¢;”7> (,U' +h: f\)‘mob‘l’
H 0-10,0 9\9 .6/o. <M . ne CO”PC A at+ 1.5 ) 0
4’. % . 73Q / 6)[(:)}\'“-;/‘}0 ﬂo&(l’o'}(’\g L-JC«’*I/‘("’CC‘ 0+ €.0
9 .
L\’.c-']n% rown ~nd Yon colcareovs ¢ ,“\/‘5£‘0‘6 (5H)
fo uvc,rq) and somewhot Fisslle some o
#5 llo.o-12.0 | [I J.6/r0 block Mo Rling «nd rusl coloted .S‘M‘.n:né
29 )
7 - damp to Moot
730 P
(1 Mo stoce co/ﬁcn‘} NC /‘Caﬁﬁs
{_TOh+ lovown and ter clay -shole
‘ -
> Co)coreovs, $06¢ Hcrouz ~Mmois+
1y Loyered onk Veo +hercd

15

0
REMARKS: D% L re hole Arilie) or o.de




8 OBRENSOERE TEST BORING LQG [Bormve no. Gmu #5090 SNE

ENGINEERS, INC.
\ : WATER ENTER 52
PROJECT LOCATION: Former Forbes| SAMPLER NTERS: g4 1 7.0’ be low arode

i U TYPE: ASTM D 15 %6~ 4 oplit speon | 116 17119
Atley Missle 614 S Q;vs)xonb, KS | iammen 190 1bs. 5plit spoo J
CLIENT: DS ACER FALL: 36" FILE NO: 306523, 920
BORING CO: Lovyne - WesFern RIG: C\E-S5 |BORING LOCATION: Gpet ot silo
GROUND ELEVATION: T0C:
0BG GEOLOGIST: Daue CiKg DATES STARTED: 5-22-9¢ ENDED: 5-23-90
= SS5SAMPLE
i STRATUM
&8 sLows | Pen/ 7} SAMPLE DESCRIPTION change |HNU
S| PR | e | mec. |uoa 3t Tb. ek”o0D.
Acl15.0° 17,0 /3 IJ@A} L.0h+ browW<90\4oﬁc)ﬁY ‘hak,cm\Corv (5”) ©
1A 29 €OU§ somre (/fw) re to ﬂédﬁ{“(/r‘{) I"’C‘+d€
720 Cee rust cOloreld 5*{*56.}4 - (.MP +o Mo ot
o woeler crters o1 170" in loyered ghale %
Re CO"’H‘S fe ¢ weothered viidb "'F'““
’% HO(‘A MCr"fuN‘ '1"/ '\()f}( L/o\/ C“\COft°U$
5"‘0’6_ /O‘/Cf:d {1451’8 :(‘(J‘Cosil\u\)y
v / U
I wieothered glore horizgrds) Tavjers-morst
v/
. gel- . N bw 16"
20 D Hcult aug)er./‘:) ond 5omplm® bebw 16
#1 |00.0-22,0 | 150 |05/0.4 °
9, Wl\ +C +0 , (,)‘\40!‘0, ‘/)CASC/ -F:AC j\)n (LS)
ITmegtore (arb “0‘66005)
22 T.0.- ~21.5 AV’\U rC'Fuso) N COMP¢<)CA+ Iimestore
- (org)‘)'accou;/
2 — et 10,0 oF 2-inch T.D., Sch. 4o puc #10
Mochine slot well screen at 205'- Lser
Co5ine, FTrom 10.5" Yo opprot. 2 S’ above
24 )
gjrw)o
_ Dhainless oYee! centralizer ot S
© . - Gilite Son) pack from 21,8 +0 9.0
% - Bentonite Pc“c* seo) from 9.0' to ¢.s’
_ Grout seal From 6,5 o oppron ).0" below
27 crde (719&1 Par‘\'lw») cement ond a?Prox
45 bentonite pow der
7% ~ bentonite Pcﬂ&“’ Scal )’\\/()"aﬁfon'h”\&"
Srm*cr +han & hours
2 - Grout se0) CUI"Y Yime - srco%r than
4% hours
- fino) 5*.c¥-dp A2 5

REMARKS:




OBRIENSOERE

ENGINEERS, INC.

TEST BORING LOG

BORING NO. (5 M) A 503 ,7/}‘:4

e p—

PROJECT LOCATION: Former Forbes
Atlos M ssle 5i4e -5 B\)bhor\ﬂ, K9

CLIENT: U4 ACE

SAMPLER
TYPE: A57M D 156 %6~%4 split spoon

WATER ENTERS: Dry
(ehssl, Dr~I atter HY l-\our:,

s 15,5014 oujtr‘

HAMMER: 14 0 1be,
FALL: 20"

FILE NO: 3069, 020

BORING CO: Loy ne - Western
086 GEOLOGIST: D,y C ‘K

BORING LOCATION: North of sllo
GROUND ELEVATION:
DATES STARTED: 5-22.%¢

RIG: CME - 55

TOC:

ENDED: 5-22-90

=% 85 SAMPLE STRATUM
0 : (tee 6 REC. He A 33 T &v2" C.0. _
#) O0.0-2.90 4 -9/15 Fill- Deork prown 5 Hy elay Witk gome £l o
é C(‘va)”e()k rock pad Covclere ‘F"ooﬂ‘f’/\-}é" 1
/
/ 5 Mo st
2 L Fil -Docv prown $IHy cny *roce Clushed O
22 12.0-4.0 H _ Us/lYfrock serd, o rogts- o5 e4
, C o
)30 Syme)cr PC'[:'.J;';) o 2.5 - 0iH i O‘chf{nj
N Srom 3.5 4o 10 -End 1 £0) 4 3.5/ Chert
AJ|H0- 6.0 10 1to/5 Weothere) gad brok-, Chers o) itk otrxé)L)dm/ O
< 730 redum beswr 5ildy cloy, some sond- Moist
Medk :um browr 4< Aocy 5i1dy C‘o\,l abunderd cL
6 cherd ‘Ff'o::rrfr-\;/ som= *pe o copree sar)- 0
H#A]160-9.90 5 .O/.G Noisd Fo et
2 g MNediow 4o ’-‘5}\4 brown C—"J\,‘ CH
[3
17
T | 0
25 |3.0- 10.0 lo I.O/.g Meriym to '=3M brown :,?a\\/  Frace severely
q 730 to com plc%‘x/ ricodt e Jime gtong Kiog .
v
menty - bomp ;
(Ls) ¢
19 B ) . . ’
a6 [10.0-12.0 | 1 [aofrg]bioht to medum groy wonclodely 4o deverely | copy O
, I weothere, ime store. Fine xla, "FQ!C_"UQA’
!
24 broken ¢s 4(‘00}“(/“*‘51 EoNe g c’o~/5
a }’ XY C‘a\/~éha ’65 - c)orrP +o /Y\o,'5+
47 V2o -19.0 ] 10 Vs/rs|L:opt 4o mepiom grey, tor 0rd vyellow- o
v30 Yo J;OM boown and 9roy celcoreovy shale
” Mediom brown ord Afey caleareovs ord c|0\/f’~/
& - ’ [O ] . H D
A% |/v.0-16:0 ) S/01 shole 50mc blorh ol ro ped rogd (5H)
ts 9 ’
REMARKS:D | 21 borehole AiiNed or - e

@ No Ground tioter ercoun¥ered - Pry hole
@ Gock $iltey  with C\ﬂ*f"&j




ENGINEERS, INC.

TEST BORING LOG

Shee+
BORING NO. G #503 2ef2

PROJECT LOCATION: Former Forbes
Btlos Missile Site-5 Bus)\mg. KS

CLIENT: D5 ACE

SAMPLER
TYPE:ASTMD 15%6-3Y 2plit spoon

WATER ENTERS:DrY ot Cnn~P|L+Toﬂ
Dry atder Hg hpurs

HAMMER: (4 0)bs.

FALL: 230"

FILE NO: 306%F.00

BORING CO: [ aync - Western
0BG GEOLOGIST: Douve Cika

RIGGCME-68
GROUND ELEVATION:

DATES STARTED: 5-22-9¢

BORING LOCATION: North of Sito

TOC:
ENDED: S -2 2 -¢10

x4

% 55 SAMPLE

iy
S | No. BLONS

T

PEN/
REC.

HoA 334 2.0, €927 0,D.

SAMPLE DESCRIPTION

STRATUM

CHaNGe [HNU

5
730

dcolored sraining  Fossilferovs - dsmpto moist

(SH)

/4

ToDv-,s's’

1

(2

(]

20

21

By

24

i

S

b3

20

sempler fefusel 21 1570 oporeck limeslore
Nugec fefusal ~r 158 or opporcd Twedlone
()

(L$)

REMARKSON o Groond “Jater encountered

GDey afer U3 hours




ENGINEERS, INC.

TEST BORING LOG

BORING N0.G/M (AHSQ SIL\:{C:

—.

PROJECT LOCATION: Former Forbes
A'ﬂd\g Missile $de -5 ("Jub‘\o'\o. K5

SAMPLER
TYPE: ASTM- 15%E- 8Y oplit spoon

WATER ENTERS: Dy at completion
D“/ other 4% hours

HAMMER: |4 0lbs.

CLIENT: (J5pcE FALL: 20" FILE NO: 306%.020
BORING CO: Layne-Westermn RIG: CME-&S | BORING LOCATION: Mordh of silo —North oF Gmw#5a3
GROUND ELEVATION: TOC:
0BG GEOLOGIST: Doye C:ka DATES STARTED: $-24-90 ENDED: 5-24-9¢
T4 55 SAMPLE
ey STRATUM
i I o BLOWS | PEN/ - SAMPLE, DEIEISCRIPTION CHANGE |HMU
P PEPIN 6 REC. | HoA 23/4" 2.D. 6% " C.D.
H4)]1Q.0-2.9 YN 3'0//,9 g +7P50:l over dork brown oWy cley troc- Ok O
/ 3 -l:f‘(' S(-‘r) .’r," 'C‘Ck‘ 4(""”"’."5’-”\0:5‘* CL
z )
2 -7 DO(F v wr 5’.‘ h‘” 57,‘} cloy Hroce +o O
47 |2.0- 4.0 5 1290 o T
= Some Sar) or) Tock 4:/'/‘; rresds molst
3
<% /bqom.‘n& medium brown
[%
4 Q
5] 7 sburdert lLimesdce o cheis Sreomerte,
d Lome Fore 520N 08 }
5 6 7| frock  cortent inclcagine
4 l¢o w0 Yy |zo/m N 0
9 ClL. ¢
7 . ia - L ¢
/19 Medivm do | OH brows SH-p clovy tmixed with (Ls)
;5 5(,\1({'\('\’ 1o cGor P’g"’/\/ Lue,»—}"gfq) ,;F\CS"}OAC
4 T frovs R T tro st
#s |%.0- 0.0 50 |3'/2 - ©
9
ﬁwocr refusel on Iimestone ot %.%/
0 T.0. 9.%'
]
(2
3
{u
5

REMARKSD e+ Upon Completion
@ No Grgondh Weter erccortered

3 D(\, ofder UG hours




APPENDIX B

GROUND WATER MONITORING WELL FIELD LOGS



GMW # 501

LOCKABLE CAP VENTED CAP
STEEL PIPE , " DIS{ﬁNEF TO FINAL GRADE
g?ggﬁcgéég \\¢ | GébUNéZEURFACE
| _____‘{~—~—CONCRETE PAd~\\
[

— ? ~ﬁr-___,————r' T

DEPTH TO BASE

“ 7 " DIAMETER OF GROUT SEAL

BOREHOLE \ 1%
DEPTH TO TOP
A " PVC OF SAND BACKFILL
WELL PIPE(LD)\\\ 10,0
GROUT I SEAL
/] THIFKNESS | 70TAL DEPTH
BENTONITE SEAL l OE}ﬁELL
3

| B

0 |

T

Machine 2,2
NO. 10 SLOT - 3#
SCREEN - TYPE & LENGTH
- OF SCREEN
SAND BACKFILL - SCh“ﬁglPu;

!

3" POINTED

END CAP Y
FINAL WATER LEVEL: /4.90 FEET BELOW TOP OF CASING.
INSPECTED BY: Dave  Csia " DATE:  5-23-90

GROUND WATER MONITORING WELL
FIELD LOG G rmisoee




G MW 7 SOA

LOCKABLE CAR

STEEL PIPE—

PROTECTIVE
STEEL POST

VENTED CAP

i— DISTANQ%ZEO FINAL GRADE

N

|

et

N ] * DIAMETER

GROUND SURFACE

CONCRETE PAd‘\\

DEPTH TO BASE
OF GROUT SEAL

[ I

BOREHOLE “_\\L 6:5
DEPTH TO TOP
“ pVC OF SAND BACKFILL
WELL PIPE(IiU\\\\ 2.0
GROUT SEAL
T THICKNESS
/] 2 TOTAL DEPTH
BENTONITE SEAL OF WELL
l 21.5
§§ '
? Y
NO._19 sLoT - Lf}
SCREEN - ~ TYPE & LENGTH
N OFéSCREENpV
- ch 4o PVC
SAND BACKF ILL—— & Ty
3" POINTED
END CAP Y
FINAL WATER LEVEL: 15.13 FEET BELOW TOP OF CASING.
INSPECTED BY: Dowe  C:la DATE: 5-22-90

GROUND WATER MONITORING WELL
FIELD LOG

3068.017 . 4F
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APPENDIX D

FIELD SAMPLING REPORTS AND CHAIN-OF-CUSTODY RECORDS
FOR SOIL SAMPLES



FIELD SAMPLING REPORT

SAMPLE INFORMATION SAMPLE I.D. NO.: <=mp /

MATERIAL: WATER x SOIL SLUDGE OTHER
TYPE: GRAB X COMPOSITE 0THER
HAZARDOUS: YES NO UNKNOWN
CONTAINER PRESERVATIVE/
TYPE voLume | NUMBER 1 ooeparaTION | COMMENTS
Q?/ds.s vie/ 2P f 2- AP

COMMENTS: (WELL PURGING VOLUME; ODOR; ETC.) P

FIELD MEASUREMENTS
PARAMETER EQUIPTMENT I.D.| RESULTS COMMENTS

COMMENTS: (CALIBRATIONS)

GENERAL INFORMATION WEATHER ” AIR TEMP, o
Sz /t\/;{ 29/~

SAMPLES SHIPPED TO: </t o
SPECIAL HANDLING: —
MODE OF SHIPMENT: =

QA/QC

SAMPLES COLLECTED BY: ¢ e OBSERVED BY: e
DISCREPENCIES: _

B OUREENG0ERS
ENGINEERS, INC.

3068.020.5F



FIELD SAMPLING REPORT

SAMPLE INFORMATION SAMPLE I.D0. NO.: =5/

MATERIAL: WATER SOIL % SLUDGE OTHER

TYPE: GRAB x COMPOSITE OTHER

HAZARDOUS: YES NO UNKNOWN s

CONTAINER PRESERVATIVE/
TYPE VOLUME NUMBER PREPARATION COMMENTS
! 4&6

‘ggagfﬂéas ﬁ/ﬁ; Z

_Aantyégz____QEJ%} 2 - s

COMMENTS: (WELL PURGING VOLUME; ODOR; ETC.) _asf

FIELD MEASUREMENTS

PARAMETER EQUIPTMENT I.D.] RESULTS COMMENTS

COMMENTS: (CALIBRATIONS)

GENERAL

SAMPLES SHIPPED TO: cuep
SPECIAL HANDLING: .
MODE OF SHIPMENT: =p - x

INFORMATION | WEATHER  szuwy  AIR TEMP. mso.-

QA/QGC

SAMPLES COLLECTED BY: 2 e OBSERVED BY: 2/
DISCREPENCIES: —

3068.020.5F

B CBRIENG RS
ENGINEERS, INC.



FIELD SAMPLING REPORT

SAMPLE INFORMATION SAMPLE I.D. NO.: -rco
MATERIAL: WATER  SOIL x  SLUDGE OTHER
TYPE: GRAB x COMPOSITE OTHER
HAZARDOUS: YES NO UNKNOWN X
CONTAINER PRESERVATIVE/
TYPE voLuve | VUMBER | ooepaRaTION | COMMENTS

m_(;@ Jt/lm z i
_&f_".t_;.éxf 519{ Z. o

COMMENTS: (WELL PURGING VOLUME; ODOR; ETC.) . A&

FIELD MEASUREMENTS

PARAMETER EQUIPTMENT I.D.| RESULTS COMMENTS

COMMENTS: (CALIBRATIONS)

GENERAL INFORMATION WEATHER Sé;:ééz AIR TEMP. szoo

SAMPLES SHIPPED TO: <y »
SPECIAL HANDLING: —_
MODE OF SHIPMENT: Fop ek,

QA/GC

SAMPLES COLLECTED BY: JB/ OBSERVED BY: 4 Jo
DISCREPENCIES:

B OBRIEN G otRg
3068.020.5F ENGINEERS, INC.



FIELD SAMPLING REPORT

SAMPLE INFORMATION SAMPLE I.D. NO.._ pe—<co
MATERIAL: WATER  SOIL <  SLUDGE OTHER
TYPE: GRAB *. COMPOSITE OTHER
HAZARDOUS: YES NO UNKNOWN  x
CONTAINER PRESERVATIVE/
TYPE voLume | NUMBER | poepapaTION | COMMENTS
Mg/afj ‘fﬂx z 4°c'

azz§é£' zﬁég 2. A

COMMENTS: (WELL PURGING VOLUME; ODOR; ETC.) -

FIELD MEASUREMENTS

PARAMETER EQUIPTMENT I.D.| RESULTS COMMENTS

COMMENTS: (CALIBRATIONS)

GENERAL INFORMATION WEATHER < . uy AIR TEMP. goo,
/

SAMPLES SHIPPED TO: D

SPECIAL HANDLING: —

MODE OF SHIPMENT: 2o
QA/QC

SAMPLES COLLECTED BY: vE/ OBSERVED BY: 4« /o
DISCREPENCIES: —

3068.020.5F - Enexueeas'. INC.




FIELD SAMPLING REPORT

SAMPLE INFORMATION SAMPLE I.D. NO.: <<=
MATERIAL: WATER SOIL x SLUDGE OTHER
TYPE: GRAB_»_ COMPOSITE OTHER
HAZARDOUS: YES NO UNKNOWN
CONTAINER PRESERVATIVE/
TYPE voLume | NUMBER | ooEpaRaTION | COMMENTS
m.f_é& th 4 e

COMMENTS: (WELL PURGING VOLUME; ODOR; ETC.) Aéﬁ_

FIELD MEASUREMENTS

PARAMETER EQUIPTMENT I.D.] RESULTS COMMENTS

COMMENTS: (CALIBRATIONS)

+— ._L

SPECIAL HANDLING: ~
MODE OF SHIPMENT:  _Zzp_o%
QA/GC

SAMPLES COLLECTED BY: /&  OBSERVED BY: 2.
DISCREPENCIES: —

3068.020.5F G ensmsens'. INC,



FIELD SAMPLING REPORT

SAMPLE INFORMATION SAMPLE I.D. NO.: <—macf

MATERIAL: WATER SOIL x SLUDGE OTHER
TYPE: GRAB X _COMPOSITE OTHER
HAZARDOUS: YES NO UNKNOWN 4
CONTAINER PRESERVATIVE/
TYPE VOLUME NUMBER PREPARATION COMMENTS

| mngéf 5,2 zza éii

COMMENTS: (WELL PURGING VOLUME; ODOR; ETC.) /‘Q"

FIELD MEASUREMENTS

PARAMETER EQUIPTMENT I.D.|] RESULTS COMMENTS

COMMENTS: (CALIBRATIONS)

GENERAL INFORBMATION WEATHER <7 ../, 2. AIR TEMP. o, 0~

SAMPLES SHIPPED TO: SHILD

SPECIAL HANDLING: ~

MODE OF SHIPMENT: EF2mD - =
QA/QC

SAMPLES COLLECTED BY: 2 ,~-  OBSERVED BY: e
DISCREPENCIES: —

B ODREEN G NS
3068.020.5F ENGINEERS, INC.



FIELD SAMPLING REPORT

SAMPLE INFORMATION SAMPLE 1.D. NO.: cmom
MATERIAL: WATER SOIL X SLUDGE OTHER
TYPE: GRAB  ».COMPOSITE OTHER
HAZARDOUS: YES NO UNKNOWN 5
CONTAINER PRESERVATIVE/
TYPE voLume | NUMBER | e P ARATION COMMENTS

| v §ég; o 2 2L
Jzaiﬁlzma___ziiér 2 €{;i>

COMMENTS: (WELL PURGING VOLUME; ODOR; ETC.) /\é("

FIELD MEASUREMENTS

PARAMETER EQUIPTMENT I.D.] RESULTS COMMENTS

COMMENTS: (CALIBRATIONS)

GENERAL INFORMATION WEATHER <7 . (ALy AIR TEMP. g4

SAMPLES SHIPPED TO: SO

SPECIAL HANDLING: —
MODE OF SHIPMENT: =
QA/QC

SAMPLES COLLECTED BY: /& OBSERVED BY: ¢ Lo
DISCREPENCIES: ——

3068.020.5F G g e



FIELD SAMPLING REPORT

SAMPLE INFORMATION SAMPLE I.D. NO.:_ s5s.
MATERIAL: WATER SOIL < SLUDGE OTHER
TYPE: GRAB . COMPOSITE OTHER
HAZARDOUS: YES NO UNKNOWN
CONTAINER PRESERVATIVE/
TYPE voLume | VUMBER | ooepapaTION | COMMENTS
h{)’ 4@2 _é 406
win_albigl L o 2z Al
74 7

COMMENTS: (WELL PURGING VOLUME: ODOR: ETC.) _ 24

FIELD MEASUREMENTS
PARAMETER EQUIPTMENT I.D.| RESULTS COMMENTS

COMMENTS: (CALIBRATIONS)

GENERAL INFORMATION WEATHER <3 ., E , __AIR TEMP. gy -

SAMPLES SHIPPED TO: .y ,
SPECIAL HANDLING: _

MODE OF SHIPMENT: 2 —& x
QA/QC

SAMPLES COLLECTED BY: 2 /e OBSERVED BY: /= _
DISCREPENCIES: ~

3068.020.5F = ENGINEEB’. INC.



FIELD SAMPLING REPORT

SAMPLE INFORMATION SAMPLE I.D0. NO.: miscr7e/
MATERIAL: WATER . SOIL SLUDGE OTHER
TYPE: GRAB » COMPOSITE __ OTHER
HAZARDOUS: YES NO ___ UNKNOWN _ x
CONTAINER PRESERVATIVE/
TYPE voLume | NUMBER | ooepARATION | COMMENTS
| gl vii! LOl z e

COMMENTS: (WELL PURGING VOLUME; ODOR; ETC.) _«/9—

FIELD MEASUREMENTS

PARAMETER EQUIPTMENT I.D.| RESULTS COMMENTS

COMMENTS: (CALIBRATIONS)

GENERAL INFORMATION WEATHER < a/nsg AIR TEMP. gy o~
/

SPECIAL HANDLING: —

MODE OF SHIPMENT: e i
QA/GC

SAMPLES COLLECTED BY: e OBSERVED BY: .z,

DISCREPENCIES: —_

3068.020.5F G e




FIELD SAMPLING REPORT

SAMPLE INFORMATION SAMPLE I.D. NO.: >»w<g
MATERIAL: WATER x SOIL SLUDGE OTHER
TYPE: GRAB_x_ COMPOSITE ___ OTHER
HAZARDOUS: YES NO __ UNKNOWN g
CONTAINER PRESERVATIVE/
TYPE voLume | NUMBER | noepaRaTION | COMMENTS
f”;o‘sé‘c 860 n At / W—& /fec
Mjélfgécr (A Z & ‘C
7/“/m/ P, 2 ooc

COMMENTS: (WELL PURGING VOLUME: ODOR: ETC.) _A/A

FIELD MEASUREMENTS

PARAMETER EQUIPTMENT I.D. RESULTS COMMENTS
/D// - Ma/éﬁ Z ,oi-,l

COMMENTS: (CALIBRATIONS)

GENERAL INFORMATION | WEATHER <Zun;y _ AIR TEMP. 2o
(

SAMPLES SHIPPED TO: 270p-e2- ¢
SPECIAL HANDL ING:
MODE OF SHIPMENT:  zz» -

QA/QC

SAMPLES COLLECTED BY: JR ./ OBSERVED BY: / &
DISCREPENCIES: —_—

3068.020.5F G Ensmeens'. INC.




FIELD SAMPLING REPORT

SAMPLE INFORMATION SAMPLE 1.D. NO.- AMessss

MATERIAL: WATER X SOIL SLUDGE OTHER

TYPE: GRAB , COMPOSITE OTHER

HAZARDOUS: YES NO UNKNOWN ¢

CONTAINER PRESERVATIVE/
TYPE voLume | NVUMBER | ooeparaTION | COMMENTS

| o | 0200 0t !N imto; [

| geaber atoes 2l Z 2l'c

L/ka:é&/ Aﬁhme 2 4/%;

COMMENTS: (WELL PURGING VOLUME; ODOR; ETC.) __ /&

FIECD MEASUREMENTS

PARAMETER EQUIPTMENT I.D. RESULTS COMMENTS
/)// -ple A[f / 27

COMMENTS: (CALIBRATIONS)

GENERAL INFORMATION | WEATHER _ <7,y AIR TEMP. oz
SAMPLES SHIPPED TO:  /cpcE - pilp
SPECIAL HANDLING: _—
MODE OF SHIPMENT: =

QA/QC
SAMPLES COLLECTED BY: e OBSERVED BY: =z
DISCREPENCIES:  —

3068.020.5F - ENGINEERS.. INC.



FIELD SAMPLING REPORT

SAMPLE INFORMATION SAMPLE I.D0. NO.: 9sss2
MATERIAL: WATER SOIL ¥  SLUDGE OTHER
TYPE: GRAB < COMPOSITE OTHER
HAZARDOUS: YES NO UNKNOWN
CONTAINER PRESERVATIVE/
TYPE VOLUME NUMBER PREPARATION COMMENTS
o LT 4«4«. = s

_a'_"‘%.&r é?fﬂh/ 2 #4°c.

COMMENTS: (WELL PURGING VOLUME; ODOR; ETC.) Al

FIELD MEASUREMENTS

PARAMETER EQUIPTMENT I.D.| RESULTS COMMENTS

COMMENTS: (CALIBRATIONS)

GENERAL INFORMATION | WEATHER <7,  AIR TEMP. mpo =
7

SAMPLES SHIPPED TO: Cennep =21
SPECIAL HANDLING: -

MODE OF SHIPMENT: Za - ¢S

QA/QC

SAMPLES COLLECTED BY: g s OBSERVED BY: ¢ o
DISCREPENCIES:

3068.020.5F E ENGINEERS‘. INC.
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APPENDIX E

WELL DEVELOPMENT DATA



Former Forbes Atlas

O’BRIEN & GERE ENGINEERS, INC. o8 e Miggile Sile-& Jo8 No. 206F.9020
bubhono, ks
ov Nave Cika oate 6-A-90 SHEET / ofF L

7.

10.
1.

12.

13.

14.

15.
16.

17.

18.

WELL DEVELOPMENT DATA

Well No. GN\\J\) # SOl
Date of Installation 5-A3-90
pateSof Development G- A~ ﬁo ’H\ru 6‘7" 90

Static Water Level: Before Dev. /4. %3 (GTOc) Ft.; 24 Hours After Ft.
Quantity of Water Loss During Drilling, If Used N’/A Gal.
Quantity of Standing Water in Well and Annulus Before Dev. 5.6 Gal.

Start During End
Specific Conductance (unhos/cm) Gy 0 660 600 6/0
Temperature (¢ ) /1,5 °C I‘)°(, 19 °C /qu:
PH (s.u.) 7,04 1. A 71 A 7.17
Depth from Top of Well Casing to Bottom o(f'l:elolAM)QS' 53 Ft.
Screen Length /O'O' Ft.
Depth to Top of Sediment: Before Dev. 2553 Ft.; After Dev. £5.53 Ft.

Physical Character of Water: Lnit:ally-med:um browA—%f‘cu'[ moderate )vay, tor b}d‘.*}\'[

Type and Size of Well Development Equipment: _ S of AW AP rod atached do sucge bloc K with

’ L) - Pl
neoprene geals — 4'lona 172" 0.0, boflom check ball valye digchgrge PVC bailer © ,LZ,,I
¥ [ e N/

Description of Surge Technique, If Used: Koiscd and Jowered 60r\o/c blocK over entire
saturated nderval Jor Thoon

Height of Well Casing Above Ground Surface: ~Z.5 Ft.
Totel

Quantity of Water Removed: ER Gal. a5 of €6-7-90
1-Pint Water Sample Collected: (Time)

* Development Conditions:

(1) Well Water is Reasonably Clear

(2) Sediment Thickness < 5X of Screen Length

(3) Removal of 5 Well Volumes, Including Saturated Filter Annulus
(4) Stabilization of Specific Conductance and Water Temperature
After Final Development of the well, water from each well will be placed into the 1 liter clear glass container
and photographed as a 35 mm. color slide to be submitted as part of the well log.

QA/QC: Development Performed by: _LayANe Western !O' Erien and Gere

Site Manager: Dave CiKa




€ E E OBRIENG GERE

Former Forbes Atlog

O'BRIEN & GERE ENGINEERS, INC.  JoB waMe MigSile Site- & Jo8 ¥o. _35060.020
Bus kona, Ks
oy _ Dove C:iKa DATE 6~24~90 SHEET A of 2

WELL DEVELOPMENT DATA

1. well No. GMW # 502

2. Date of Instatlation 5-A3-90
3. DateSof Development 6-2-90 thro 6-7-90

4. Static Water Level: Before Dev. /QS? (GTOC> Ft.; 26 Hours After Ft.

5. Quantity of Water Loss During Drilling, If Used NT/A Gal.

6. Quantity of Standing Water in Well and Annulus Before Dev. Lf 9 Gal.

Start During End

7. Specific Conductance (unhos/cm) 590 660 A0 1/0
Temperature (& ) /%/ S’ e 19.5°% /8.5
PH (s.u.) 6.1 7.10 7,02 7.0/

8. Depth from Top of Well Casing to Bottom of Well g 3. 485 Ft.

9. Screen Length /0.0 Ft.

10. Depth to Top of Sediment: Before Dev. Q‘M 5 Ft.; After Dev. A3.45 Ft.

11. Physical Character of Water: If\‘-‘hol\'{ - ey %rc\T/‘b fown m odcro%cu hCQ\J\'/ Horbidity

Qur.ne -

\J L]
12. Type and Size of Well Development Equipment: S  of AW dritl rod aHached o surge blocK with
' " i
regprenc Scals = Y lora 172 0.0 boftom check boll Valye c):;zchar:)c PVC bodec & Pag}’me
~ R

13. Description of Surge Technique, If Used: Rased on) Jowere) 5\),-6‘ Loe K puer ent.pe

sptgraded nderupl for | hour.

14. Height of Well Casing Above Ground Surface: ~ ‘25 Ft. T
Total

15. Quantity of Water Removed: 3 6 Gal.

16. 1-Pint VWater Sample Collected: (Time)

* Development Conditions:
(1) Well Water is Reasonably Clear
€2) Sediment Thickness < 5X of Screen Length
€(3) Removal of 5 Well Volumes, Including Saturated Filter Annulus
(4) Stabilization of Specific Conductance and Water Temperature
17. After Final Development of the well, water from each well will be placed into the 1 liter clear glass container

and photographed as a 35 mm. color slide to be submitted as part of the well log.

18. QA/QC: Development Performed by: L-o»\!nc - e 5‘*crr\ /O' Qf er ord Gere
Site Manager: Dave Cikea
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USACE FIELD REPORT



DEPARTMENT OF THE ARMY
KANSAS CITY DISTRICT, CORPS OF ENGINEERS
700 FEDERAL BUILDING

KANSAS CITY, MISSOURI 64106-2896 R E C EI VE D

REPLY TO

ATTENTION OF: February 1, 1991 f-tB 1 3
199
Toxic and Hazardous OBricy &6 ,
Waste Management Branch Sllaeﬁwmmn I?
- Lo, Mo ne,

Mr. Gary Fern

O'Brien and Gere

5000 Cedar Plaza Parkway
Suite 211

St. Louis, Missouri 63128

Dear Mr. Fern:

As you requested, we are submitting details of the work
performed by the Kansas City District, Corps of Engineers
drill crew at Forbes Atlas Missile Sites 5 and 9.

I1f you have any questions, please contact,
Mr. Jim Johnson, of my staff, at 816-426-2619.

Sincerely,

/'/ [ °
Jl,;a b ‘. ):j?r« f‘\kv

ﬁfank S. Bader
Chief, Toxic and Hazardous
Waste Management Branch

Enclosure



FORBES ATLAS MISSILE SITES 5 AND 9
IN BUSHONG AND HOLTON, KANSAS

1. The purpose of the Kansas City District Corps of Engineers
drill crew was to develop, purge and sample the seven monitoring

wells at Bushong and Holton, Kansas.

2. Development was performed using a CME 55 drill rig with an
attached two-inch diameter 15-~foot surge block. Surging
consisted of working the screened interval for approximately 20
minutes each cycle. Surging alternated with bailing of
approximately 5 gallons of water or until the well was dry.

The bailer was a 2-inch teflon with teflon line.

3. After mechanical development, a bladder pump was used to
purge and sample the wells. The bladder pump was not used on the
Bushong monitoring wells due to the small quantity of water in
the wells. A bailer was used to sample the Bushong wells. Prior
to sampling, temperature, pH and conductivity were monitored

until stabilized (see enclosure 3.1).

4. The Holton wells were developed and sampled between 15 and
20 August 1990. Following are the details of development time,
quantity and quality of water removal from the wells.

4.1 Well GMW-901 was surged and bailed dry removing between
2 and 5 gallons of water each cycle to equal 14 gallons. After
four hours using a bladder pump, another 14 gallons were removed
for a total of 28 gallons. Surging and bailing continued for 85
minutes, as a result clear water samples were collected for

laboratory analysis.

4.2 GMW-902 surge cycles 20 minutes in length alternated
with removal of 10 gallons of water. The well was not bailed dry
during development or sampling. A total of 30 gallons were
bailed and 15 additional gallons were removed with a bladder pump

after 1.5 hours. Development continued for 158 minutes,
clear samples were then collected for analysis.

4.3 The surge block was unable to be lowered into GMW-903
due to the misalignment of the well.

4.4 Development of GMW-904 alternated surging for 20 minutes
with bailing the well dry for a total of 54 minutes and removal
of 12 gallons of water. After 9 hours, another 20 gallons of
water were removed with a bladder pump. Samples taken for
chemical analysis were slightly merky.

oeve |



5. The Bushong monitoring wells were developed with a surge
block and bailer. The wells were developed and sampled between

21 and 30 August 1990.

5.1 GMW-501 was developed for 135 minutes and approximately
11 gallons of water were bailed before sampling. GMW-502 was
surged and bailed for 131 minutes, and 16 gallons were removed

prior to sampling.

5.2 Water samples from both monitoring wells were clear with
a slight cloudiness after the second or third bail.

6.0 Decontamination consisted of washing the bailer, surge block
and electronic water level indicator with an Alconox solution.
Equipment was then thoroughly rinsed with distilled water.

7.0 Water samples for chemical analysis were bottled in
containers provided by O’Brien and Gere, and preserved as the
work plan designated. The sample coolers were sent by Federal

Express to the appropriate laboratories.
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APPENDIX G

SITE SURVEY



APPENDIX H

GEOTECHNICAL ANALYTICAL RESULTS
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1982 Innerbelt Business Center Drive ® St. Louis, Missouri 63114 ® 314-427-7775 ® Fax 314-427-6828

Geotechnical and Environmental Consultants

August 20, 1990

O'Brien & Gere Engineers, Inc.

5000 Cedar Plaza Parkway, Suite 211

St. Louis, Missouri 63128

Attn: Mr. A. J. Ramsey “ A

Re: Laboratory Test Results
Forbes Atlas Missile Sites
Bushong and Holton, Kansas

Gentlemen:

Submitted herewith are the laboratory test results for a moisture content
(ASTM D 2216), an Atterberg limit (ASTM D 4318) and a gradation analysis
(ASTM D 422) conducted on each sample provided by you. The results are
shown in Figures 1 through 6.

If you have any questions, please call.

Very truly yours,

C%WE i /6%

cque e R. Griggs
Supervisor, Field and Laboratory Services

JRG/

Midwest Testing, Inc.
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APPENDIX I

ANALYTICAL RESULTS FOR FIELD AND QUALITY CONTROL SOIL SAMPLES



s SOUTHWEST LABORATORY

'''' OF OKLAHOMA, INC.

June 20, 1990

Julie Jennings

0" 'BRIEN & GERE

5000 Cedar Flaza Farkway, Suvite 211
St. Louis, Missouri 63128

Froject: Former Fobes Atlas Missile Sites

Dear Ms. Jennings:

Ernclosed are the analvtical results for vour samples
received in our laboratory on May 24, 1990, for the above
captioned project.

If. in vour review, you should have any questions or require
additional information, please call.

Sincerely,

K. M. awandoss Fh. D.
Froje Manager

KMEB/1al

Enclosures

1700 WEST ALBANY, SUITE C ® BROKEN ARROW, OK 74012
(918) 251-2858 ¢ FAX (918) 251-2599



SOUTHWEST LABORATORY OF OKLAHOMA, INC.

1700 W. Albany + Suite "C" « Broken Arrow, Oklehoma 74012 . 918-251-2858

CLIENT: OBRIEN & GERE ENGINEERS, INC. REFORT: 2669.01MT
5000 CEDAR FLAZA PARKWAY, SUITE 211
8T. LOUIS, MISSOURI 63128 DATE: 0&-20-90
ATTN: JULLIE JENNINGS
SAMPLE MATRIX: SOIL
SWLO # 2&669.01
DATE SUBMITTED: 05-24-%0
FROJECT:  FORMER FORBES ATLAE MISSILE SBITES
SAMPLE ID: 8581
DET. DATE METHOD
PARAMETER LIMIT UNIT RESULTS ANALYZED REFERENCE
TOTAL METALS
ARSENIC 2.0 mg/kKg 6.7 05-31-90 SW 7060
BARIUM 4.0 mg/kg 1324 O6-03-90 SW 6010
CADMIUM 1.0 mg/¥g ND 06-05-90 SW 6010
CHROMIUM 1.0 mg/¥g 18.9 06-03-90 SW 6010
" EAD 4.0 mg/kKg 3.0 06-03-90 SW 6010
ZRCURY 0.1 mg/¥g ND 06~-11-90 G6W 7471
SELENIUM 1.0 mg/¥g ND 06-01-90 BSW 7740
SILVER 2.0 mg/kKg ND 06-05-90 SW 6010
ND NOT DETECTED ABOVE QUANTITATION LIMIT

Sk

EFA METHODOL.OGY,

"HSWELSL",

THIRD EDITION



SOUTHWEST LABORATORY OF OKLAHOMA, INC.

1700 W. Albany . Suite "C" « Broken Arrow, Oklahoma 74012 . 918-251-2858

CLIENT: O’BRIEN & GERE REFORT: 2669.03V
5000 CEDAR PLAZA PKWY, SUITE 211
87. LOUIS, MISSOURI 63128 DATE: 06-19-90

ATTN:  JULTE JENNINGS

SAMPLE MATRIX: SOIL

SWLO # 2669.03

DATE SURMITTED: 058-24-90

DATE ANALYZED : 05-29-90

METHOD REFERENCE: 5W846-8240, EPA METHODOLOGY
PROJECT: FORMER FORBES ATLAS MISSILE GSITES
SAMPLE ID: 8883

RESULTS REFORTED IN ug/Kg OR Parts Per EBillion (PPE)

DET. DET.

VOLATILES LINIT RESULTS VOLATILES LIMIT RESULTS
CHLOROME THARE 10 ND 1,1,2,2-TETRACHLOROETHANE 5 ND
BROMOMETHANE 10 ND 1,2-DICHLOROPROPANE 5 ND
“TNYL. CHLORIDE 10 ND TRANS-1,3~DICHLOROPROPENE 5 KD
{LOROETHAKE 10 ND TRICHLOROETHENE 5 ND
METHYLENE CHLORIDE b 22 B DIBROMOCHLOROME THANE 5 WD
ACE TONE 10 2 Ba 1,1,2-TRICHLOROETHANE 5 ND
CARBON DISULFIDE ) ND BENZENE 5 ND
1,1-DICHLORDETHEMNE 5 ND CI15-1,3-DICHLOROFROPENE 5 ND
1,1-DICHLOROETHANE 3 ND 2-CHLOROETHYLVINYLETHER 10 ND
TRANS-1,2-DICHL.OROETHENE 3 ND EROMOF ORM o WD
CHLOKROF ORM 3 2 Bd 2-HEXANONE 10 KD
1,2-DICHLORDETHANE 8 WD 4-METHYL~2-PENTANONE 10 ND
2-BUTANONE 10 ND TETRACHLORDETHENE 5 WD
1,1,1-TRICHLOROETHANE bl ND TOLUENE 5 ND
CARBON TETRACHLORIDE S ND CHLOROBENZENE 5 ND
VINYL ACETATE 10 ND ETHYLBENZENE 5 HD
BROMODICHLOROMETHANE ) ND STYRENE 5 WD
TOTAL XYLENES 5 ND

8A/8C SURROGATE RECOVERIES

TOLUENE-dB(81-117) 107% BROMOFLUOROBEMZENE(74-121) 82% 1,2-DICHLORDETHANE-d4(70~-121) 102%

NOT DETECTED ABOVE QIUANTITATION LIMIT

ESTIMATED VALUE: CONCENTRATION BELOW LIMIT OF QUANTITATION
ANALYTE DETECTED IN BLANK AS WELL AS SAMPLE

SURROGATE RECOVERY OUTSIDE OF QC LIMITS

HD

L= J-A

nonou o



SOUTHWEST LABORATORY OF OKLAHOMA, INC.

1700 W. Albany « Suite "C" « Broken Arrow, Oklahoma 74012 . 918-251-2858

CLIENT: OBRIEN & GERE ENGINEERS, INC. REFORT: 2669.03FN
5000 CEDAR PLAZA FARKWAY, SUITE 211
S7. LOUIS, MISSOURI 63128 DATE: 06-20-90

ATTN:  JULIE JENNINGS

SARMPLE MATRIX: SO0IL

SWLOD # 2669.03

DATE SUBMITTED: 05-24-90

DATE EXTRACTED: 05-29-90

DATE ANALYZED : 06-05-90

METHOD REFERENCE: SW846-8270, EFA METHODOLOGY
PROJECT: FORMER FORBES ATLAS MISSLE SITES
SAMPILE ID: 8583

RESULTS REFORTED IN ug/Kg OR Parts Per Billion (PPR)

POLYNUCLEAR AROMATIC HYDROCARBONS DETECTION LIMIT RESULTS
NAPHTHALENE 660 ND
2-METHYLNAFHTHALENE 660 ND
2-CHLORONAPHTHALENE 660 HD
“~ENAPHTHYLENE 640 ND
ZNAPHTHENE 660 ND
FLUORENE 660 ND
PHENANTHRENE 660 ND
ANTHRACENE 660 ND
FLUORANTHENE 660 ND
PYRENE 660 ND
EENZO (A) ANTHRACENE 660 ND
CHRYSENE 640 ND
RENZO () FLUORANTHENE 640 ND
RENZO (K ) FLUORANTHENE 660 ND
RENZO(A)FPYRENE 660 ND
INDENO(1,243-CD)PYRENE 660 ND
DIRENZ (A,H)ANTHRACENE 660 ND
RENZO(G,H,I)PERYLENE 660 ND

9A/0C SURROGATE RECOVERIES

NITROBENZENE-d3 (23-120) 78% 2-FLUORORIFHENYL (30-118) 84% TERPHENYL-d14 (18-137) 124%

ND = NONE DETECTED AROVE QUANTITATION LIMIT
J = ESTIMATED VALUE: CONCENTRATION BELOW LIMIY OF QUANTITATION
B = ANALYTE DETECTED IN BLANK AS WELL AS SAMFPLE

SURROGATE RECOVERY OUTSIDE OF GC LIMITS



SOUTHWEST LABORATORY OF OKLAHOMA, INC.

1700 W. Albany « Suite "C" « Broken Amow, Oklahoma 74012 . 918-251-2858

CLIENT: OBRIEN & GERE ENGINEERS, INC. REFORT: 2669.C4MT
5000 CEDAR PLAZA PARKWAY, SUITE 211
ST. LOUIS, MISSOURI 67128 DATE: 06-20~90C
ATTN: JULIE JENNINGS
SAMPLE MATRIX: SOIL
SWLO # 2669.04
DATE SUEMITTED: 05-24~90
PROJECT: FORMER FOREES ATLAS MISSILE SITES
SAMPLE ID: 5554
DET. DATE METHOD
PARAMETER LIMIT UNIT RESULTS ANALYZED REFERENCE
TOTAL METALS
ARSENIC 2.0 mg/kKg 4.9 05-21-90 SW 7060
BARIUM 4.0 mg/kKg 2180 06~05~90 SW 5010
CADMIUM 1.0 mg/Kg ND 06~05~90 SW 5010
CHROMI UM 1.0 mg/kKg 15.7 06-05~90 S 5010
" EAD 4,0 mg/kKg 19.8 06-05-90 SW 5010
ERCURY 0.1 mg/kKg ND 06-11-90 Sk 7471
SELEMIUM 1.0 mg/kg ND 06=-01-90 SW 7740
SILVER 2.0 mg/kKg ND 06-05-90 SW 5010

ND
SW

W

EFPA METHODOLOGY,

"HSWB46" ,

NOT DETECTED AEBOVE QUANTITATION LIMIT

THIRD EDITION



SOUTHWEST LABORATORY OF OKLAHOMA, INC.

1700 W. Albany « Suite "C" « Broken Amow, Oklahoma 74012 . 918-251-2858

CLIENT: O'BRIEN & GERE REFORT: 2669.04Y
5000 CEDAR FPLAZA PKWY, SUITE 211
57. LOUIS, MISSOURI 63128 DATE: 06-19-90

ATTH:  JULIE JENNINGS

SAMPLE MATRIX: SOIL

SWLO H 2669.04

DATE SUBMITTED: 05-24-90

DATE AMALYZED : 05-29-90

METHOD REFERENCE: 6W846-8240, EPA METHODOLOGY
PROJECT: FORMER FORBES ATLAS MISSILE SITES
SAMPLE ID: 8554

RESULTS REPORTED IM ug/Kg OR Farts FPer Billion (FPE)

DET. DET.

VOLATILES LIMIT RESULTS VOLATILES LINIT RESULTS
CHLOROME THANE 10 MD 1,1,2,2~-TETRACHLOROETHANE 8 ND
EROMOMETHAKNE 10 ND 1,2-DICHLOROFROPAHE p) HD
"WYL CHLORIDE 10 WD TRANS-1,3~-DICHLOROPROFENE 5 ND
L OROETHANE 10 ND TRICHLOROETHENE 5 ND
METHYLENE CHLORIDE £ 21 2 DIBROMOCHLOROMETHANE 5 ND
ACETONE 10 MD 1,1,2-TRICHLORDETHANE 5 ND
CARBON DISULFIDE 3 ND BENZENE 5 ND
1,1-DICHI.OROETHENE ] ND CIS-1,3-DICHLOROPROPENE 5 ND
1,1-DICHLOROETHANE 5 MD 2-CHLOROETHYLVINYLETHER 10 WD
TRANS~-1,2-DICHLOROE THENE 5 ND BROMOFORNM b ND
CHLOROFORM 3 2 BJ 2-HEXANONE 10 ND
1,2-DICHLOROETHANE 3 ND 4-METHYL-2-PENTANONE 10 ND
2-BUTANOKE 10 MD TETRACHLOROETHENE 5 ND
1,1, 1~-TRICHLORODETHANE 3 ND TOLUENE 5 ND
CARBON TETRACHLORIDE ) ND CHLOROBENZENE 5 ND
VINYL ACETATE 10 ND ETHYLBENZENE S ND
BROMODICHLOROMETHAME 3 ND STYRENE p] ND
TOTAL XYLEWES S ND

@A/8C SURROGATE RECOVERIES

TOLUEME-dB(B1-117) 103% BROMOFLUOROBENZENE (74-121) 82% 1,2-DICHLOROETHANE-d4(70~121) 105%

NOT DETECTED AROVE GUANTITATION LIMIT

ESTIRMATED VALUE: CONCENTRATION BELOW LIMIT OF GQUANTITATION
ANALYTE DETECTED IN BLANK AS WELL AS SAMFLE

SURKOGATE RECOVERY OUTSIDE OF GC LIMITS

HD

=)
L I 1|



SOUTHWEST LABORATORY OF OKLAHOMA, INC.

1700 W. Albany « Suite "C" « Broken Arrow, Oklahoma 74012 « 918-251-2858

CLIENT: OBRIEN & GERE ENGINEERS, INC. REPORT: 2669.04FN
5000 CEDAR PLAZA PARKWAY, SUITE 211
ST. LOUIS, MISBOURI 63128 DATE: 06-20-90

ATTN:  JULIE JENNINGS

SAMPLE MATRIX: SOIL

SWLO # 2669.04

DATE SUEMITTED: 05-24-90

DATE EXTRACTED: 05-29-90

DATE AMALYZED =z 06-05-90

METHOD REFERENCE: SW8446-8270, EPA METHODOLOGY
FROJECT: FORMER FORBES ATLAS MISSLE SITES
SAMPLE ID: 8584

RESULTS REPORTED IN ug/Kg OR Parts Per Billion (PPR)

POLYNUCLEAR AROMATIC HYDROCARBONS DETECTION LIMIT RESULTS
NAFHTHALENE 660 ND
2-METHYLNAPHTHALENE 460 ND
2-CHLORONAFHTHALENE 660 ND
“ “ENAFHTHYLENE 660 ND
ENAPHTHENE 660 ND
FLUORENE 660 ND
PHENANTHRENE 660 ND
ANTHRACENE 660 ND
FLUORANTHENE 660 ND
PYRENE 660 ND
RENZO (A) ANTHRACENE 660 ND
CHRYSENE 660 ND
RENZO(R) FLUORANTHENE 660 ND
RENZO{ K ) FLUORANTHENE 660 ND
RENZO(A)PYRENE 660 ND
INDENO(1,2,3-CD)PYRENE 660 ND
DIRENZ (A .H)ANTHRACENE 660 ND
RENZO(G,H, 1)FERYLENE 660 ND

8A/QC SURROGATE RECOVERIES

NITRORENZENE-dD (23-120) 81% 2-FLUOROBIPHENYL (30-115) 99% TERPHENYL-d14 (18-137) 142%x

ND = NONE DETECTED ABROVE QUANTITATION LIMIT
d = ESTIMATED VALUE: CONCENTRATION BELOW LINMIT OF QUANTITATION
B = ANALYTE DETECTED IN BLANK AS WELL AS SAMPLE

X SURROGATE RECOVERY OUTSIDE OF QC LIRITS



SOUTHWEST LABORATORY OF OKLAHOMA, INC.

1700 W. Albany « Suite "C" « Broken Arow, Oklahoma 74012 « 918-251-2858

CLIENT: OBRIEN & GERE ENGINEERS, INC. REFORT: 2669.05MT

5000 CEDAR PLAZA PARKWAY, SUITE 211

ST. LOUIS, MISSOURI 63128 DATE: 06-20-90

ATTN:  JULIE JENNINGS

SAMFLE MATRIX: SOIL

SWLO # 266%.09

DATE SUBMITTED: 05-24-90

PROJECT: FORMER FORBES ATLAS MISSILE SITES

SAMFLE ID: 5585

DET. DATE METHOD

PARAMETER LIMIT UNIT RESULTS ANALYZED REFERENCE
TOTAL METALS
ARSENIC 2.0 mg/kg 4.7 05-Z1-90 BW 7060
BARIUM 4.0 mg/kKg 152 06=-03-90 SW 6010
CADMIUM 1.0 mg/kKg ND 06-05-90 SW 6010
CHROMIUM 1.0 ma/kg 11.7 06~05-90 SW 6010
* EAD 4.0 mg/kg 18.8 Ob-05-20 SW 6010
ERCURY 0.l mg/kg ND 06~-11-90 SW 7471
SELENIUM 1.0 mg/kg ND 06~-01-90 SW 7740
SILVER 2.0 mg/kq ND 06-05-90 SW 6010
ND NOT DETECTED ABOVE CQUANTITATION LIMIT

i H

SW

EFPA METHODOLOGY,

"#SWB46", THIRD EDITION



SOUTHWEST LABORATORY OF OKLAHOMA, INC.

1700 W. Albany « Suite "C" + Broken Arrow, Oklakoma 74012 « 918-251-2858

CLIENT: O’BRIEN & GERE REFORT: 2669.05V
5000 CEDAR PLAZA FPKWY, SUITE 211
87. LOUIS, MISSOURI 63128 DATE: 06-19-90

ATTH:  JULIE JENNINGS

SAMPLE MATRIX: SOIL

SWLO H 2669.05

DATE SUBMITTED: 05-24-90

DATE ANALYZED = 05-31-90

METHOD REFERENCE: SWB46-8240, EPA METHODOLOGY
FROJECTs FORMER FGRBES ATLAS MISSILE SITES
SAMPLE ID: 5585

RESULTS REPORTED IM ug/Kg OR Parts Per Billion .PPR)

DET. DET.

VOLATILES LINIT RESULTS VOLATILES LIMIT RESULTS
CHLOROHME THANE 10 WD 1,1,2,2-TETRACHLOROETHANE 5 ND
BROMOME THANE 10 ND 1,2-DICHL ORCPROFANE 3 WD
CTHYL CHLOKRIDE 10 HD TRANS-1 ,3-DICHLCROPROPENE 5 ND
ALOROE THANE 10 ND TRICHLOROETHENE 5 WD
METHYLERNE CHLORIDE ) 11 B DIBROMOCHLOF OMET HANE 3 ND
ACETONE 10 WD 1,1,2-TRICHL ORDE THANE 5 ND
CARBON DISW.FIDE S ND BENZENE 5 ND
1,1-DICHLOROETHENE ] ND CIS-1,3~-DICHLORCFROPENE S ND
1,1-DICHLOROETHAME 5 WD 2-CHLOROETHILVINYLETHER 10 ND
TRANS-1,2-DICHLOROETHENE 5 MD EROMOF ORNM 5 ND
CHLOROF ORNM b ND 2~-HEXANONE 10 ND
1,2-DICHLOROETHANE 5 WD 4-METHYL-2-FENTAIONE 10 ND
2~BUTANONE 10 ND TETRACHLOROE THERE 3 ND
1,1,1-TRICHLOROETHANE 5 WD TOLUENE 5 WD
CARBON TETRACHLORIDE b ND CHLOROBENZENE 5 ND
VINYL ACETATE 10 ND ETHYLBEMZENE R WD
BROMODICHLOROMETHANE 3 ND STYRENE h] ND
TOTAL XYLENES 5 ND

2A/9C SURROGATE RECOVERIES

TOLUFNE-d8(81-117) 113% BROMOFLUOROBENZENE(74-121) 80% 1,Z-DICHLORDETHANE-d4(70-121) 102%

MD = HOT DETECTED ABOVE QUANTITATION LIMIT
d o= ESTIMATED YaAlLUE: COMCENTRATION BELOW LIMIT OF QUAMTITALZION
B = AMALYTE DETECTED IN RLANK AS WELL AS SAMPLE

SURKOGATE RECOVERY OUTSIDE OF QC LIMITS



SOUTHWEST LABORATORY OF OKLAHOMA, INC.

1700 W. Albany « Suite "C" « Broken Arrow, Oklahoma 74012 . 918-251-2858

CLIENT: OBRIEN & GERE ENGINEERS, INC. REFORT: 2669.05FPN
5000 CEDAR PLAZA PARKWAY, SUITE 211
ST. LOUIS, MISSOURI 63128 DATE: 06-20-90

ATTN:z  JULIE JENNINGS

SAMPLE MATRIX: SOIL

SWLO ¥ 2669.0%5

DATE SUEBRMITTED: 05-24-90

DATE EXTRACTED: 05-29-90

DATE ANALYZED : 06~05-90

METHOD REFERENCE: SWB44-8270, EFA METHODOLOGY
PROJECT: FORMER FORBES ATLAS RMISSLE SITES
SAMPLE ID: 8565

RESULTS REPORTED IN ug/Kg OR Parts Per Billion (FFE)

POLYNUCLEAR AROMATIC HYDROCARBONS DETECTION LIMIT RESULTS
NAPHTHALENE 660 ND
2-HETHYLNAFHTHALENE 660 ND
2~-CHLORONAFHTHALENE 660 ND
T TENAFHTHYLENE 660 ND
“NAPHTHENE 660 ND
FLUORENE 660 ND
PHENANTHRENE 660 ND
ANTHRACENE 660 ND
FLUORANTHENE 660 ND
PYRENE 660 ND
BENZO(A)ANTHRACENE 660 ND
CHRYSENE 660 ND
RENZO(R)FLUORANTHENE 660 ND
RENZO(K)FLUORANTHENE 660 ND
RENZO(A)PYRENE 660 ND
INDENG(1,2,3-CD)FYRENE 660 ND
DIBENZ (A H)ANTHRACENE 660 ND
BENZO(G,H,I)FPERYLENE 660 ND

8A/8C SURROGATE RECOVERIE

NITROBENZENE-dd (23-120) 62% 2-FLUORORIPHENYL (30-115) 82% TERPHENYL-d14 (18-137) 105%

ND = NONE DETECTED AROVE QUANTITATION LIRMIT
d = ESTIMATED VALUE: CONCENTRATION RELOW LIMIT OF QUANTITATION
B = ANALYTE DETECTED IN BLANK AS WELL AS SAMPLE

X SURROGATE RECQOVERY OUTSIDE OF @C LIMITS



'SOUTHWEST LABORATORY OF OKLAHOMA,

INC.

1700 W. Albany « Suite "C" « Broken Arrow, Oklahoma 74012 . 918-251-2858

CLIENT: OBRIEN & GERE ENGINEERS, INC. REFORT: 2669.06MT
G000 CEDAR PLAZA PARKWAY, SUITE 211
8T. LOUIS, MISBOURI 63128 DATE: 06-20-%0
ATTN: JULTIE JENNINGS
SAMFLE MATRIX: SOIL
SWLO # 2669.06
DATE SUBMITTED: 05-24-90
FROJECT: FORMER FORBES ATLAS MISSILE SITES
SAMPLE ID: 8586
DET. DATE METHOD
PARAMETER LIMIT UNIT RESULTS ANALYZED REFERENCE
TOTAL. METALS
ARSENIC 2.0 mg/kKg ND 05~-21-90 8BW 7060
BARIUM 4.0 mg/¥g 76.6 06—~03~90 SW 6010
CADMIUM 1.0 mg/kKg ND 06~-05~-90 SW 6010
CHROMIUM 1.0 mg/kKg 20.8 V6-03-90  SW 6010
"EAD 4.0 mg/Kg 12.0 06~05-90 SW 6010
cRCURY 0.1 mg/kKg ND 06-11-90 SW 7471
SELEMNTIUNM 1.0 mg/kKg ND 06-01-90 SW 7740
SILVER 2.0 mg/kg ND 06-05-90 SW 6010
ND NOT DETECTED ABOVE QUANTITATION LIMIT

SW

EFPA METHODOLOGY,

"HSWB4L" ,

THIRD EDITION



SOUTHWEST LABORATORY OF OKLAHOMA, INC.

1700 W. Albany « Suite "C" « Broken Arrow, Oklahoma 74012 . 918-251-2858

CLIENT: O'BRIEN & GERE REFPORT: 2669.06V
5000 CEDAR FLAZA PKWY, SUITE 211
S7. LOUIS, MISSOURI 63128 DATE: 06-19-90

ATTH:  JULIE JENNINGS

SAMPLE MATRIX: SOIL

SWLO H 2669.06

DATE SURMITTED: 05~24-90

DATE AMALYZED = 05~29-90

RETHOD REFERENCE: SW846-8240, EPA METHODO! J.
PROJECT: FORMER FORBES ATuam . .. L BITES
SaMPLE ID: 8586

il TS REFORTED IN ug/Kg OR Parts Per Biliion (FPR)
DET. DET.

VOLATILES LIMIT RESULTS VOLATILES LIMIT RESULTS
CHLOROMETHARNE 10 HD 1,1,2,2-TETRACHLOROE THANE 5 WD
BROMOMETHAKE 10 HD 1,2-DICHLOROPROFPANE 5 HD
YIMYL. CHLORIDE 10 WD TRANS-1,3-DICHLOKOPROFENE 3 WD
HLOROE THARE 10 ND TRICHLOROETHENE 5 WD
METHYLENE CHLORIDE G 17 R DIBROMOGCHLOROMETHANE ) HD
ACETOME 10 ND 1,1,2-TRICHLORODETHANE 5 WD
CARBOM DISUI FIDE b MND BEMZENE 5 ND
1,1-DICHLOROETHEME S ND £I18-1,3-DICHLOROPROPENE 5 ND
1,1-DICHLOROETHANE 9 ND 2-CHLOROETHYLVINYLETHER 10 MD
TRAMS~-1,2~-DICHLOROETHENE S ND BROMOFORM 5 D
CHL OROF ORNM 5 2 Ed 2-HEXANONE 10 WD
1,2-DICHI OROETHANE 5 HD 4-METHYL -2-PENTANONE 10 ND
2~BUTANOKE 10 ND TETRACHL OROF THENE 5 ND
1,1,1-TRICH ORCFTHAME 3 ND TOLUENE 5 HD
CARBON TETRACH! ORIDE 3 ND CHILOROBENZENE 9 KD
YINYL. ACETATE 10 ND ETHYLBENZENE S D
BROMOD ICHLOROMETHANE S ND STYRENE 5 WD
TOTAL XYLENES 5 ND

8A/AC SURROGATE RECOVERIES

TOLUENE-dB(81-117) 104% BROMOFLUOROBENZENE(74~-121) 80% 1,2-DICHLOROETHANE-d4(70-121) 95%

HD = NOT DETECTED ABOVE QUANTITATION LIMIT
J = ESTIMATED VALUE: CONCEMTRATION BELOW LIMIT OF QUANTITATION
B = AMALYTE DETECTED IN BLAMK AS WELI. AS SARMPLE

SURKOGATE RECOVEKRY OUTSIDE OF @C LIMITS



SOUTHWEST LABORATORY OF OKLAHOMA, INC.

1700 W. Albany « Suite "C" « Broken Arrow, Oklahoma 74012 . 918-251-2858

CLIENT: OBRIEN & GERE ENGINEERS, INC. REPORT: 2669.06FN
5000 CEDAR PLAZA PARKWAY, SUITE 211
ST. LOUIS, MISSOURI 63128 DATE: 06-20-90

ATTNz  JULIE JENNINGS

SAMPLE MATRIX: SOIL

SHLO # 2669.06

DATE SUBHMITTED: 05-24-90

DATE EXTRACTED: 05-29-90

DATE ANALYZED = 06-07-90

METHOD REFERENCE: SW8446-8270, EPA METHODOLOGY
PROJECT: FORMER FORBES ATLAS MISSLE SITES
SAMPLE ID: 65556

RESULTS REPORTED IN ug/Kg OR Parts Per Billion (FFR)

POLYNUCLEAR AROMATIC HYDROCARBONS DETECTION LIMIT RESULTS
NAFHTHALENE 660 ND
2-METHYLNAFHTHALENE 660 ND
2-CHLORONAPHTHALENE 660 ND
PTENAFHTHYLENE 660 ND
NAFHTHENE 660 ND
FLUORENE 660 ND
FHENANTHRENE 6460 ND
ANTHRACENE 660 ND
FLUGRANTHENE 660 ND
PYRENE 660 ND
RENZO (A)YANTHRACENE 660 ND
CHRYSENE 660 ND
RENZO(R)FLUORANTHENE 660 ND
RENZO(K)FLUORANTHENE 660 ND
RENZO(A)PYRENE 660 ND
INDENO(1,2,3-CD)PYRENE 6460 ND
DIBENZ (A H)ANTHRACENE 660 ND
RENZO(G,H,I)FERYLENE 660 ND

8A/QC SURROGATE RECOVERIES

NITROBENZENE-dY (23-120) 39% 2-FLUORORIPHENYL (30-115) 65% TERPHENYL-d14 (18-137) 73%

ND = NONE DETECTED AROVE QUANTITATION LIMIT
d = ESTIMATED VALUE: CONCENTRATION BELOW LIMIT OF QUANTITATION
B = ANALYTE DETECTED IN BLANK AS WELL AS SAMPLE

X SURROGATE RECOVERY QUTSIDE OF QC LIMITS



SOUTHWEST LABORATORY OF OKLAHOMA, INC.

1700 W. Albany « Suite "C" « Broken Arrow, Oklahoma 74012 . 918-251-2858

CLIENT: O'BRIEN & GERE KREFORT: 2669.07V
5000 CEDAR FLAZA PKWY, SUITE 211
57. LOUIS, MISSOURI 43128 DATE: 06-19-90

ATTH:  JUHIE JENHNINGS

SAMPLE MATRIX: SOIL

SWLO # 26469.07

DATE SUBMITTED: 05-24-90

DATE ANALYZED : 05-29-90

METHOD REFERENCE: SWB846-8240, EFA METHODOLOGY
PROJECT: FORMER FORBES ATLAS MISSILE SITES
SAMPLE IDs DSS5SZ

RESULTS REPORTED IM ug/Kg OR Parts Per EBillion (FPR)

DET. DET.

VOLATILES LIMIT RESULTS VOLATILES LIMIT RESULTS
CHI OROMF THANE 10 ND 1,1,2,2-TETRACHL OROFE THANE 5 ND
EROMOME THANE 10 ND 1,2-DICHLORDPROFANE 5 ND
WYL CHLORIDE 10 ND TRANS=-1,3-DICHLOROFROFPENE 5 ND

JLOROE THANE 10 MD TRICHLOROE THENE 5 10

METHYLENE CHLORIDE 5 36 B DIBROMOCH! OROMETHANE 5 ND
ACETONE 10 10 2 1,1,2-TRICHLOROE THANE 5 ND
CARBON DISUIFIDE 5 ND BENZENE 5 HD
1,1-DICHLOROETHENE 5 ND CI5-1,3-DICHLOROFPROFPENE 5 ND
1,1-DICHLOROF THANE 5 ND 2-CHLORDETHYLVINYLETHER 10 ND
TRANS~1,2-DICHL.OROETHENE 5 ND KROMOF ORM 5 ND
CHLOROF ORM 5 2 EJ  2-HEXANONE 10 ND
1,2-DICHLORDE THANE 5 WD 4-METHYL-2-PENTANONE 10 ND
2-BUTANONE 10 ND TETRACHLOROE THENE 5 ND
1,1,1-TRICHLOROE THANE 5 ND TOLUENE 5 ND
CARBON TETRACHLORIDE 5 ND CHLORDBENZELE 5 ND
VINYL ACETATE 10 ND ETHYLBENZENE 5 ND
BROMODICHL OROME THANE 5 ND STYRENE 5 ND
TOTAL XYLENES 5 ND

8A/8C SURROGATE RECOVERIES

TOLUENE-dB(81-117) 119%% BROMOFLUOROBENZENE(74-121) 67%% 1,2-DICHLOROETHANE-d4(70-121) 97%

NOT DETECTED ABOVE QUANTITATION LIMIT

ESTINMATED VALUE: CONCENTRATION BELOW LIMIT OF QUANTITATION
ANALYTE DETECTED IN BLANK AS WELL AS SARPLE

SURRUOGATE RECOVERY OUTSIDE OF @C LIMITS

HD

i
it on



SOUTHWEST LABORATORY OF OKLAHOMA, INC.

1700 W. Albany « Suite "C" « Broken Arow, Oklahoma 74012 « 918-251-2858

CLIENT: OBRIEN & GERE ENGIMEERS, INC. REPORT: 266%9.07PN
5000 CEDAR PLAZA PARKWAY, SUITE 211
57. LOUIS, MISSOURI 63128 DATE: 06-20-90

ATTN:  JULIE JENNINGS

SAMPLE MATRIX: SOIL

SWLD H 2669.07

DATE SUBMITTED: 05-24-990

DATE EXTRACTED: 05-29-90

DATE AMNALYZED : 06-07-90

METHOD REFERENCE: SW846-8270, EFPA METHODOLOGY
PROJECT: FORMER FORBES ATLAS MISSLE SITES
SAMFLE ID: D8S&SZ2

RESULTS REFORTED IN ug/Kg OR Farts Per Billion (PFR)

POLYNUCLEAR AROMATIC HYDROCARBONS DETECTION LIMIT RESULTS

NAFHTHALENE 660 71 d
2-METHYLNAFHTHALENE 660 ND
2-CHLORONAFHTHALENE 660 ND
" TENAFHTHYLENE 660 MD
sNAFHTHENE 660 ND
FLUORENE 660 ND
FPHENANTHRENE 660 ND
ANTHRACENE 640 WD
FLUORANTHENE 660 ND
PYRENE 640 ND
BRENZO(A)ANTHRACENE 4660 ND
CHRYSENE 660 ND
RENZO(R)FLUORANTHENE 660 ND
RENZO (K)FLUORANTHENE 660 ND
BENZO(A)PYRENE 660 ND
INDENO(1,2,3-CD)PYRENE 660 ND
" DIRENZ (A H)ANTHRACENE 660 ND
BENZO(G,H,I)PERYLENE 660 ND

: SURROGATE RECOVERIES

NITROBENZENE-dD (23-120) 88% 2-FLUORORIFHENYL (30-115) 96% TERPHENYL-d14 (18-137) 136%

ND = NONE DETECTED AROVE QUANTITATION LIMIT
Jd = ESTIMATED VALUE: CONCENTRATION RELOW LIMIT OF QUANTITATION
R = ANALYTE DETECTED IN BLANK AS WELL AS SAMPLE

X SURROGATE RECOVERY GUTSIDE OF QC LIMITS



SOUTHWEST LABORATORY OF OKLAHOMA, INC.

1700 W. Albany . Suite "C" . Broken Arrow, Oklahoma 74012 . 918-251-2858

CLIENT: OBRIEN & GERE ENGINEERS, INC. REPORT: 2669.08MT

S000 CEDAR PLAZA FPARKWAY, SUITE 211

ST. LOUIS, MISSOURI 63128 DATE: 06~-20~-90

ATTN:  JULIE JENNINGS

SAMPLE MATRIX: WATER

SWLO # 26469.08

DATE SUBMITTED: 05-24-90

FPROJECT: FORMER FORBES ATLAS MISSILE SITES

SAMPLE ID: RS5S82

DET. DATE METHOD
PARAMETER LIMIT UNIT RESUL.TS ANALYZED REFERENCE
TOTAL. METALS
ARSENIC 10.0 uag/L ND 05-31-90 EPA 206.2
BARIUM 20.0 ug/L ND 06—-05%-90 EFPA 200.7
CADMIUM 5.0 ug/L ND 06-05-90 EPA 200.7
CHROMIUM 5.0 ug /L ND 06-05-90 EPA 200.7
' EAD 2.0 ug/L ND 06-01-90 EPA 229.2
IRCURY 0.2 ug/L ND 06—~05~90 EPFPA 245.1

SELENIUM 5.0 ug/L ND 06-01-90 EPA 270.2
SILVER 10.0 ug/L ND 06-05-90 EPA 200.7

ND
EFA

L

MARCH 19895

NOT DETECTED ABOVE QUANTITATION LIMIT
HEFALOO/4~-79~-020,



SOUTHWEST LABORATORY OF OKLAHOMA, INC.

1700 W. Albany « Suite "C" « Broken Arrow, Oklahoma 74012 . 918-251-2858

CLIENT: O'BRIEN & GERE REFORT: 2669.08V
5000 CEDAR FPLAZA PKWY, SUITE 211
87. LOUIS, WISSOURI 63128 DATE: 06-20-90

ATTN:  JULIE JENNINGS

SAMPLE MATRIX: WATER

SWLO # 26679.08

DATE SUBWITTED: 05-24-90

DATE ANALYZED & 05-25-90

METHOD REFERENCE: SW846-8240, EPA METHODOLOGY
PROJECT: FORMER FORBES ATLAS MISSILE SITES
SAMPLE ID: KBSH62

RESULTS REFORTED IN ug/L OR Parts Per Billion (PPR)

DET. DET.

VOLATILES LIMIT RESULTS  VOLATILES LIMIT RESULTS
CHLOROME THANE 10 ND 1,1,2,2-TETRACHLOROETHANE 5 ND
BROMOME THANE 10 ND 1,2~DICHL OROPROFANE 5 ND
HIMYL CHLORIDE 10 ND TRANS-1,3-DICHLOROPROFPENE 5 ND
IILOROE THANE 10 ND TRICHL OROE THENE 5 ND
METHYLENE CHLORIDE 5 8 B DIBROMOCHLOROME THANE 5 ND
ACETONE 10 ND 1,1,2-TRICHLOROE THANE 5 ND
CARBON DISULFIDE 5 ND BENZENE 5 ND
1,1-DICHLOROETHENE 5 ND CIS-1,3~DICHLOROPROPENE 5 ND
1,1-DICHLOROE THANE 5 ND 2~CHLOROE THYLVINYLE THER 10 ND
TRANS~-1,2-DICHLOROETHENE 5 ND EROMOF ORM 5 ND
CHLOROF ORM 5 ND 2-HEXANONE 10 ND
1,2-DI1CHLOROETHARE 5 ND 4-METHYL - 2-PENTANONE 10 ND
2~BUTANONE 10 ND TETRACHLOROE THENE 5 KD

1,1,1-TRICHLOROE THANE 5 ND TOLUENE 5 1 3
CARBON TETRACHLORIDE 5 ND CHLOROBENZENE 5 ND
YINYL ACETATE 10 ND ETHYLBENZENE 5 ND
BROMOD ICHLOROME THANE 5 ND - STYRENE 5 ND
: TOTAL XYLENES 5 ND

8a/aC_ SURROGATE RECOVERIES

TOLUENE-dB(88-110) 97% EROMOFLUOROBENZENE(86-115) 107% 1,2-DICHLOROETHAME-d4(76-114) 95%

ND = NOT DETECTED ABOVE QUANTITATION LIMIT
J = ESTIMATED VALUE: CONCENTRATION BELOW LIMIT OF QUANTITATION
= ANALYTE DETECTED IN EBLAMK AS WELL AS SAMPLE

SURROGATE RECOVERY OUTSIDE OF QC LIMITS



SOUTHWEST LABORATORY OF OKLAHOMA, INC.

1700 W. Albany « Suite "C" « Broken Arrow, Oklahoma 74012 . 918-251-2858

CLIENT: OBRIEN & GERE ENGINEERS, INC. REFORT: 2669.08FPN
35000 CEDAR PLAZA PARKWAY, SUITE 211
ST. LOUIS, MISSOURI 63128 DATE: 06-20-90

ATTN:  JULIE JENNINGS

SAMPLE MATRIX: WATER

SWLO # 2669.08

DATE SUBMITTED: 05-24-90

DATE EXTRACTED: 05-31-90

DATE ANALYZED : 06-06-90

METHOD REFERENCE: 5WB446-8270, EPA METHODDLOGY
FROJECT: FORMER FOREES ATLAS MISSLE SITES
SAMPLE ID: RSH52

RESULTS REFORTED IN ug/L OR Parts Per Billion (PPK)

POLYNUCL FAR AROMATIC HYDROCARBONS DETECTION LIMIT RESULTS
NAFPHTHALENE 10 ND
2-HETHYLNAFHTHALENE 10 ND
2-CHLORONAFHTHALENE 10 ND
" TENAPHTHYLEMNE 10 ND
ZNAPHTHENE 10 ND
FLUORENE 10 ND
PHENANTHRENE 10 ND
ANTHRACENE 10 ND
FLUORANTHENE 10 ND
PYRENE 10 ND
BENZO (A) ANTHRACENE 10 ND
CHRYSENE 10 ND
RENZO (B)FLUDRANTHENE 10 ND
BENZO(K)FLUORANTHENE 10 ND
RENZO(R)FYRENE 10 ND
INDENO(1,2,3~CD)PYRENE 10 ND
DIRENZ (A ,H)ANTHRACENE 10 ND
BRENZO(G.H,I)FERYLENE 10 ND

Q4/0C SURROGATE RECOVERIES

NITROBRENZENE-dD (35-114) 86X 2-FLUORORIFHENYL (43-116) 75% TERPHENYL-d14 (33-141) 131%

NONE DETECTED ABROVE QUANTITATION LIMIT

ESTIMATED VALUE: CONCENTRATION RELOW LIMIT OF QUANTITATION
ANALYTE DETECTED IN BLANK AS WELL AS SAMFLE

SURROGATE RECOVERY OUTSIDE OF QC LIMITS

ND

d
R
X



SOUTHWEST LABORATORY OF OKLAHOMA, INC.

1700 W. Albany . Suite "C" « Broken Arrow, Oklahoma 74012 . 918-251-2858

CLIENT: O'BRIEN & GERE REPORT: 2669.09V
5000 CEDAR PLAZA PKWY, SUITE 211
8T. LOUIS, MISSOURI 63128 DATE: 06-20-90

ATTM:  JULIE JENNINGS

SAMPLE MATRIX: WATER

SWLO # 2669.09

DATE SUBMITTED: 05-24-90

DATE ANALYZED : 06-01-90

METHOD REFERENCE: SW846-8240, EPA METHODOLOGY
PROJECT: FORMER FORBES ATLAS MISSILE SITES
SAMPLE ID: SO5THE1

RESULTS REPORTED IN ug/L 0OR Parts Per Billion (PFPB)

DET. DET.

VOLATILES LIMIT RESULTS VOLATILES LINIT RESULTS
CHLOROME THANE 10 ND 1,1,2,2-TETRACHLOROETHANE S WD
BROMOME THANE 10 ND 1,2-DICHLOROFROPANE k) ND
“TNYL CHLORIDE 10 U TRANS~1,3~DICHLOROFROPENE 3 ND
A OROETHANE 10 ND TRICHLOROETHENE ) WD
METHYLENE CHLORIDE 3 17 B DIBROMOCHLOROME THANE B ND
ACETONE 10 MD 1,1,2-TRICHLOROETHANE 5 ND
CAKRBON DISULFIDE 5 ND BENZENE 5 ND
1,1~-DICHLOROETHENE S ND CI5~-1,3-DICHLOROPROFENE S ND
1,1-DICHLOROGETHANE S ND 2-CHLOROETHYLVINYLETHER 10 ND
TRANS~1,2-DICHLOROETHENE S WD EROMOF ORM 3 ND
CHLOROFORR ) 2 d 2~HEXANONE 10 WD
1,2-DICHLOROETHANE b ND 4-METHYL-2-PENTANONE 10 ND
2-BUTANONE 10 ND TETRACHLORDE THENE 3 WD
1,1,1-TRICHLOROETHANE 5 ND TOLUENE S ND
CARBON TETRACHLORIDE 5 ND CHLOROBENZENE 5 ND
VINYL ACETATE 10 ND ETHYLRENZENE 5 ND
BROMODICHLOROME THANE 5 D STYRENE B} ND
TOTAL XYLENES 5 ND

9A/QC SURROGATE RECOVERIES

TOLUEMNE-dB(88~110) 108% BROMOFLUOROBENZEME(86~115) 110% 1,2~-DICHLOROETHANE-d4(76~114) 106%

NOT DETECTED ABOVE QUANTITATION LIMIT

ESTIMATED VALUE: CONCEMTRATION BELOW LIMIT OF QUANTITATION
ANALYTE DETECTED IN BLANK AS WELL AS SAMPLE

SURROGATE RECOVERY OUTSIDE OF QC LIMITS

MD
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SOUTHWEST LABORATORY OF OKLLAHOMA, INC.

1700 W. Albany . Suite "C" . Broken Arrow, Oklchoma 74012 + 918-251-2858

O’BRIEN & GERE ENGINEERS. INC.
5000 CEDAR PLAZA PARKWAY
ST. LOUIS. MO 63128

SWLO IDENTIFICATION

REPORT:

G2824

SAMPLE NOC.: 2669.01 - 2669.0¢
DATE RECEIVED: 05/24/90

QA/QC
DESCRIPTION PARAMETER
METHOD BLANK 05/31/8C ARSENIC
METHOD BLANK 05/31/90 ARSENIC
METHOD BLANK 06/01/90 BARIUM
METHOD BLANK 06/01/90 BARIUM
METHOD BLANK 06/01/90 CADMIUM
METHOD BLANK 06/01/90 CADMIUM
METHOD BLANK 06/01/9C CHROMIUM
METHOD BLANK 06/01/90 CHROMIUM
METHOD BLANK 06/01/90 LEAD
METHOD BLANK 06/01/890 LEAD
METHOD BLANK 06/01/890 LEAD
METHOD BLANK 06/11/90 MERCURY
METHOD BLANK 05/31/90 SELENIUM
METHOD BLANK 06/01/90 SELENIUM
METHOD BLANK 06/01/90 SILVER
METHOD BLANK 06/01/90 SILVER
BLANK SPIKE 05/31/90 ARSENIC
BLANK SPIKE 05/31/90 ARSENIC
BLANK SPIKE 06/01/90 BARIUM
BLANK SPIKE 06/01/90 BARIUM
BLANK SPIKE 06/01/30 CADMIUM
BLANK SPIKE 06/01/90 CADMIUM
BLANK SPIKE 06/01/80 CHROMIUM
BLANK SPIKE 06/01/90 CHROMIUM
BLANK SPIKE 06/01/80 LEAD
BLANK SPIKE 06/01/90 LEAD
BLANK SPIKE 06/01/90 LEAD
BLANK SPIKE 06/11/90 MERCURY
BLANK SPIKE 05/31/80 SELENIUM
BLANK SPIKE 06/01/90 SELENIUM
BLANK SPIKE 06/01/90 SILVER
BLANK SPIKE 06/01/90 SILVER

REPORT DATE: 06/18/90
RESULTS
<10.0C ug/L
<10.0 ug/L
<4.0 mg/Kg
<20.0 ug/L
<1.0 mg/Kg
<5.0 ug/L
<1.0 mg/Kg
<5.0 ug/L
<3.0 ug/L
<4.0 me/Kg
<20.0 ug/L
<0.20 ue/L
<5.0 ug/L
<5.0 ug/L
<2.0 mg/Keg
<10.0 ug/L
84% RECOVERY
101% RECOVERY
91% RECOVERY
97% RECOVERY
94% RECOVERY
104% RECOVERY
98% RECOVERY
101% RECOVERY
91% RECOVERY
101% RECOVERY
100% RECOVERY
104% RECOVERY
105% RECOVERY
101% RECOVERY
88% RECOVERY
99% RECOVERY



SOUTHWEST LABORATORY OF OKLAHOMA, INC.

1700 W. Albany « Suite "C" « Broken Arrow, Oklahoma 74012 . 918-251-2858

ANALYTICAL REPORT

O’BRIEN & GERE ENGINEERS. INC. REPORT: G2824.2
5000 CEDAR PLAZA PARKWAY
ST. LOUIS, MO 63128

REPORT DATE: 06/18/90
SWLO IDENTIFICATION

SAMPLE NO.: 2669.01 - 2669.09
DATE RECEIVED: 05/24/30

QA/QC
DESCRIPTION PARAMETER RESULTS
MATRIX SPIKE S5S51 ARSENIC 59% RECOVERY
DUPLICATE 5b81 ARSENIC 18% RPD
MATRIX SPIKE S551 BARIUM 84% RECOVERY
DUPLICATE 5551 BARIUM 6.5% RPD
MATRIX SPIKE $8S1 CADMIUM 101% RECOVERY
DUPLICATE 5851 CADMIUM 0% RPD
MATRIX SPIKE 5851 CHROMIUM 88% RECOVERY
DUPLICATE 5851 CHROMIUM 13% RPD
MATRIX SPIKE S851 LEAD 82% RECOVERY
DUPLICATE 5851 LEAD 4.3% RPD
MATRIX SPIKE S8S51 MERCURY 95% RECOVERY
MATRIX SPIKE 5851 SELENIUM 91% RECOVERY
DUPLICATE 5951 SELENIUM 0% RPD
MATRIX SPIKE 5851 SILVER 29% RECOVERY

DUPLICATE 5851 SILVER 0% RPD



SOUTHWEST LABORATORY OF OKLAHOMA, INC.

1700 W. Albany « Suite "C" « Broken Arrow, Oklahoma 74012 « 918-251-2858

CLIENT: O°'BRIEN & GERE REPORT: G2B24.3
5000 CEDAR PLAZA PKWY, SUITE 211
S7. LOUIS, MISSOURI 63128 DATE: 06~20-90

ATTH:  JULIE JENNINGS

SAMPLE MATRIX: WATER

SWLO # METHOD BLANK

DATE ANALYZED : 05-25-90

METHOD REFEREWMCE: SW846-8240, EPA METHODOLOGY
PROJECT: FORMER FORBES ATLAS MISSILE SITES
SaMPLE ID: METHOD BLANK

RESULTS REFORTED IN ug/L OR Parts Fer Billion (FFPE)

DET. DET.

VOLATILES LIMIT RESULTS VOLATILES LINMIT RESULTS
CHLOROMETHAME 10 ND 1,1,2,2-TETRACHLOKROETHANE B MD
BROMOMETHANE 10 ND 1,2-DICHLOROPROFANE D
YINYL CHLORIDE 10 MD FReiis-1,3-DICHLOROFROFENE il WD
“HLOROETHARE 10 b TRICHLOROETHEME 3 WD
STHYLERME ©alun IDE G 3 J DIBROMOCHLOKOMETHANE 5 ND
#CETOME 10 ND 1,1,2~-TRICHLOROETHANE b ND
CARBGH DISH FIDE R ND BERZENE 5 D
1,1-DICHLOROETHENE 3 ND £I5-1,5-DICHLOKOPROPENE 5 MD
1,1-DICHL.OROETHANE 3 ND 2-CHL OROETHYLVINYLETHER 10 ND
TRANS~1,2-DICHLOROETHENE 3 ND BROMOFORM ) ND
CHLOROFORM 3 1 d 2-HEXANONE 10 HD
1,2-DICHLOROETHANE 3 ND 4-METHYL-2~-PENTANONE 10 ND
2~BUTAMONE 10 ND TETRACHLOROETHENE b ND
1,1,1~-TRICHLOROETHANE S ND TOLUENE 9 ND
CARBONW TETRACHLORIDE 3 ND CHLOROBENZENE 3 ND
YINYL ACETATE 10 ND ETHYLBEMZENE 9 ND
BROMODICHLOROMETHANE b ND STYRENE 3 ND
TOTAL XYLENES 5 ND

@4/0C_SURROGATE RECOVERIES

TOLUENE-dB8(88-110) 93% BROMOFLUOROBENZENE(B6~115) 96% 1,2-DICHLOROETHANE-d4(76~114) 89%

WD = NOT DETECTED ABOVE QUANTITATION LIMIT

J = ESTIMATED VALUE: CONCENTRATION BELOW LIMIT OF QUANTITATION
B = ANALYTE DETECTED IN BLANK AS WELL AS SARMPLE

¥ = SURROGATE RECOVERY OUTSIDE OF QC LIMITS



SOUTHWEST LABORATORY OF OKLAHOMA, INC.

1700 W. Albany . Suite "C" « Broken Arrow, Oklahoma 74012 « 918-251-2858

CLIENT: O'BRIEN & GERE REFPORT: G2824.4
5000 CEDAKR PLAZA PKWY, SUITE 211
ST. LOUIS, MISSOURI 63128 DATE: 06-19-90

ATTH: JULIE JENNINGS

SARPLE MATRIX:z SOIL

SWLO # METHOD BLANK

DATE ANALYZED : 05-29-90

METHOD REFERENCE: 5SWB846-8240, EPA METHODOLOGY
PROJECT: FORFMER FORBES ATLAS MISSILE SITES
SAMPLE ID: METHOD ELANK

RESULTS REFORTED IN ug/Kg OR Parts Per Billion (PFPR)

DET. DET.

VOLATILES LIMIT RESULTS  VOLATILES LIMIT RESULTS
CHL ORGIME THANE 10 ND 1,1,2,7-TETRACHLOROETHANE 5 ND
BROMOME THANE 10 ND 1,2-DICHLOROPROPANE 5 ND
YIMYL CHLORIDE 10 HD TRANS-1,3-DICHLOROPROFENE 5 ND
“YLOROE THANE 10 ND TRICHLOROE THENE 5 ND
ZTHYLENE CHLORIDE 5 12 DIERONOCHL OROME THANE 5 ND
ACETOMNE 10 3 J 1,1,2~TRICHLOROE THANE 5 ND
CAREON DISULFIDE 5 ND BENZENE 5 ND
1,1-DICHLOROETHENE 5 ND CI18-1,3-DICHLOROFROPENE 5 ND
1,1-DICHLOROE THANE 5 ND 2-CHLOROETHYLVINYLETHER 10 ND
TRANS-1,2-DICHLOROETHEME & ND BROMOF ORM 5 ND
CHL OROF ORM 5 2 I 2-HEXANONE 10 ND
1,2~-DICHLOROE THANE 5 ND 4-METHYL -2-PENTANGONE 10 ND
2-BUTANONE 10 ND TETRACHLOROE THENE 5 ND
1,1,1-TRICHLOROETHANE 5 ND TOLUENE 5 ND
CARBON TETRACHLORIDE 5 ND CHLOROBENZENE 5 ND
YINYL ACETATE 10 ND ETHYLBENZENE 5 ND
BROMOD ICHLOROME THANE 5 ND STYRENE 5 ND
TOTAL XYLENES 5 ND

8A/8C SURROGATE RECOVERIES

TOLUEME-dB(81-117) 98% BROMOFLUOROBENZENE(74-121) 95% 1,2-DICHLORCETHANE-d4(70~121) 102%

WD = NOT DETECTED ABOVE QUANTITATION LIMIT

J = ESTIMATED VALUE: CONCENTRATION BELOW LIMIT OF QUANTITATION
B = ANalYTE DETECTED IN BLANK AS WELL AS SAMFLE

¥ = SURROGATE RECOVERY OUTSIDE OF OC LIMITS



SOUTHWEST LABORATORY OF OKLAHOMA, INC.

1700 W. Albany « Suite "C" . Broken Arrow, Oklahoma 74012 . 918-251-2858

CLIENT: O’'BRIEN & GERE REFORT: 62824.5
5000 CEDAK PLAZA PKWY, SUITE 211
§7. LOUIS, MISSOURI 643128 DATE: 06-19-90

ATTN:  JULIE JENNINGS

SAMPLE MATRIX: SOIL

SWLO # METHOD BLANK

DATE AMALYZED : 05-31-90

METHOD KREFERENCE: S5WB46-8240, EFA METHODOLOGGY
PROJECT: FORMER FORBES ATLAS MISSILE SITES
SAMPLE ID: METHOD BLANK

RESULTS REPOKTED IN ug/Kg OR Parts Per Billion (FPH)

DET. DET.

VOLATILES LINIT RESULTS VOLATILES LIMIT RESULTS
CHLOKORE THANE 10 MD 1,1,2,2-TETRACHLORDETHANE ] ND
BROMOME THANE 10 ND 1,2-DICHL OROPROPANE S ND
YINYL CHLORIDE 10 ND TRANS-1,3-DICHLOROPROPENE a ND
HLOKOETHANE 10 ND TRICHLOROETHENE S ND
~THYLENE CHLORIDE 5 5 DIRROMOCHLOROME THANE B) ND
ACETONE 10 ND 1,1,2-TRICHLOROETHANE 9 ND
CARBON DISULFIDE 5 ND BENZENE 5 ND
1,1-DICHLOROETHENE 3 ND C15-1,3-DICHLOROPROFENE 5 KD
1,1-DICHLOROETHANE B ND 2-CHLOROETHYLVINYLETHER 10 ND
TRANS-1,2-DICHLOROETHENE B ND BROMOF ORM 5 ND
CHLOROFOR™ ) ND 2-HEXANONE 10 ND
1,2-DICHLOROETHANE 3 ND 4-FMETHYL -2~FPENTANONE 10 ND
2-BUTAMONE 10 ND TETRACHLOROETHENE Bl WD
1,1,1-TRICHLOROETHANE 5 ND TOLUENE 3 WD
CARBON TETRACHLORIDE 5 ND CHLOROBENZENE S ND
VINYL ACETATE 10 ) ETHYLBENZENE 3 ND
BROMODICHLOROME THANE b) ND STYRENE S ND
TOTAL XYLENES 9 ND

8A/8C SURROGATE RECOVERIES

TOLUENE~dB(81~117) 101% BROMOFLUOROBENZENE(74-121) 94% 1,2-DICHLOROETHANE-d4(70-121) 99%

NOT DETECTED ABOVE QUANTITATION LIMIT

ESTIMATED VALUE: CONCENTRATION BELOW LIMIT OF QUANTITATION
AMALYTE DETECTED IN BLANK AS WELL AS SAMPLE

SURROGATE RECOVERY OUTSIDE OF QC LIMITS

MD

LI B I

L - RN



SOUTHWEST LABORATORY OF OKLAHOMA, INC.

1700 W. Albany « Suite "C" + Broken Arrow, Oklahoma 74012 . 918-251-2858

CLIENT: O’'BRIEN & GERE REPORT: $2824.6
5000 CEDAR PLAZA PKWY, SUITE 211
ST. LOUIS, MISSOURI 63128 DATE: 06-20-90

ATTHz  JULIE JENNINGS

SAMPLE MATRIX: WATER

SWLO # METHOD BLANK

DATE ANALYZED = 06-01-90

METHOD REFERENCE: SW846-8240, EFA METHODOLOGY
PROJECT: FORMER FOREES ATLAS MISSILE SITES
SAMPLE ID: HMETHOD ELANK

RESULTS REPORTED IN ug/l OR Parts Per Billion (FPE)

DET. DET.

VOLATILES LIMIT RESULTS VOLATILES LINIT RESULTS
CHLORDMETHAME 10 ND 1,1,2,2-TETRACHLOROETHANE S WD
BROMORETHARNE 10 ND 1,2-DICHLORGPROPANE S ND
VIMYL CHLORIDE 10 ND TRANS-1,3-DICHLOROFROFENE b ND
LOROETHARE 10 ND TRICHLOROETHENE S ND
-THYLENE CHLORIDE S 3 J DIBROMOCHLOROMETHARNE 5 ND
ACETONE 10 ND 1,1,2-TRICHLOROETHANE B WD
CARBON DISULFIDE B ND BENZENE 5 D
1,1-DICHLOROETHENE ) ND CI15-1,3-DICHLOROPROPENE 5 ND
1,1-DICHLOROETHANE 5 ND 2-CHLLOROETHYLVINYLETHER 10 ND
TRAWNS-1,2~-DICHLORCETHENE & ND BROMOFORNM 5 ND
CHLOROF ORM S ND 2-HEXANONE 10 ND
1,2-DICHLOROETHANE 5 ND 4-METHYL-2-FENTANONE 10 WD
2-BUTANONE 10 WD TETRACHLOROE THENE B ND
1,1,1-TRICHLORDETHANE B ND TOLUENE 3 WD
CARBON TETRACHLORIDE S ND CHLOROBENZENE 5 WD
VINYL ACETATE 10 ND ETHYLBENZENE 5 ND
BROMODICHLOROMETHANE 5 ND STYRENE b] WD
TOTAL XYLENES S ND

TOLUENE-dB(88~110) 103% BROMOFLUOROBENZENE (B6-113) 96% 1,2-DICHLOROETHAME~d4(76~114) 99%

NOT DETECTED ABOVE QUANTITATION LIMIT

ESTIMATED VALUE: CONCENTRATION BELOW LIMIT OF QUANTITATION
AALYTE DETECTED IN BLANK AS WELL AS SAMPLE

SURROGATE RECOVERY OUTSIDE OF QC LIMITS

o un

oo T



SOUTHWEST LABORATORY OF OKLAHOMA, INC.

1700 W. Albany « Suite "C" Broken Arrow, Oklahoma 74012 . 918-251-2858

CLIENT: OBRIEN & GERE ENGINEERS, INC. REPORT: (62824.7
5000 CEDAR FLAZA PARKWAY, SUITE 211
57. LOUIS, MISSOURI 63128 DATE: 06-20-90

ATTN:  JULIE JENNINGS

SAMPLE MATRIX: SOIL

SWLO # METHOD BLANK

DATE EXTRACTED: 05-29-90

DATE ANALYZED : 06-06-90

METHOD REFERENCE: SWB46-8270, EFA METHODOLOGY
PROJECT: FORMER FORBES ATLAS MISSLE SITES
SAMPLE ID:  METHOD ELANK

RESULTS REPORTED IN ug/Kg OR Parts Fer Billion (FPRB)

POLYNUCLEAR AROMATIC HYDROCARBONS DETECTION LIMIT RESULTS
NAFHTHALENE 660 ND
2-METHYLNAFHTHALENE 660 ND
2-CHLORONAPHTHALENE 660 ND
ACENAFHTHYLENE 660 ND
* TNAFHTHENE 660 WD
+  JORENE 660 ND
PHENANTHRENE 460 ND
ANTHRACENE 660 ND
FLUORANTHENE 660 ND
PYRENE 660 ND
RENZO(A) ANTHRACENE 660 ND
CHRYSENE 660 ND
RENZO(R)FLUORANTHENE 660 ND
RENZO (K)FLUORANTHENE 660 ND
RENZO(A)FPYRENE 660 ND
INDENO(1,2,3-CD)FYRENE 660 ND
DIRENZ (A H)ANTHRACENE 660 ND
RENZO(G,H,I)FERYLENE 660 ND

e SURROGATE RECOVERIES
NITROEENZENE-0S (23-120) 89% 2-FLUORORIPHENYL (30-115) 94% TERPHENYL-d14 (18-137) 114%

ND = NONE DETECTED AROVE GUANTITATION LIMIT
d = ESTIMATED VALUE: CONCENTRATION BRELOW LIMIT OF QUANTITATION
B = ANALYTE DETECTED IN BLANK AS WELL AS SAMFLE

X SURROGATE RECOVERY OUTSIDE OF QC LIMITS



SdUTHWEST LABORATORY OF OKLAHOMA, INC.

1700 W. Albany . Suite "C" « Broken Arrow, Oklahoma 74012 « 918-251-2858

CLIENT: OBRIEN & GERE ENGINEERS, INC. REFORT: G(2824.8
5000 CEDAKR PLAZA PARKWAY, SUITE 211
ST. LOUIS, MISSOURI 63128 DATE: 06-20-90

ATTH:  JULIE JENNINGS

SAMPLE MATRIX: WATER

SWLO # METHOD BLANK

DATE EXTRACTED: 05-31-90

DATE AMALYZED ¢ 06~07-90

METHOD REFERENCE: 5W846-8270, EFA METHODOLOGY
PROJECT: FORMER FOKBES ATLAS MISSLE SITES
SARFLE ID: METHOD EBLANK

KRESULTS REPORTED IN ug/L OR Farts FPer Billion (FFR)

POLYNUCLEAR AROMATIC HYDROCARBONS DETECTION LIMIT RESULTS
NAPHTHALENE 10 ND
2-METHYLNAFHTHALENE 10 ND
2-CHLORONAFHTHALENE 10 ND
ACENAFHTHYLENE 10 ND
TENAFHTHENE 10 ND
_JORENE 10 ND
PHENANTHRENE 10 ND
ANTHRACENE 1o ND
FLUDRANTHENE 10 ND
FYRENE 10 ND
RENZO(A)YANTHRACENE 10 ND
CHRYSENE 10 ND
BRENZO(R)FLUORANTHENE 10 ND
RENZO(K)FLUORANTHENE 10 ND
RENZO (A)YPYRENE 10 ND
INDENO(1,2,3-CD)PYRENE 10 ND
DIRENZ (A H)ANTHRACENE 10 ND
BENZO(G,H,I)FPERYLENE 10 ND

NITROBENZENE-dD (35~114) 75% 2-FLUOROBIFHENYL (43-116) 73% TERFHENYL-d14 (33-141) 85%

NONE DETECTED ABOVE QUANTITATION LIMIT

ESTIMATED VALUE: CONCENTRATION RELOW LIMIT OF QUANTITATION
ANALYTE DETECTED IN EBLANK AS WELL AS SAMPLE

SURROGATE RECOVERY OUTSIDE OF QC LIMITS

ND

[

N
R
X



APPENDIX J

ANALYTICAL RESULTS FOR DRILL WATER SAMPLES



APPENDIX K

CHAIN-OF-CUSTODY RECORDS FOR GROUND WATER SAMPLES
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APPENDIX L

ANALYTICAL RESULTS FOR FIELD AND QUALITY CONTROL
GROUND WATER SAMPLES



- SOUTHWEST LABORATORY
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‘ OF OKLAHOMA, INC.

P

September 25, 1990

Julie Jennings

O“BRIEN & GERE ENGINEERS, INC.

5000 Cedar Plaza Parkway, Suite 211
St. Louis, Missouri 63128

Project: Forbes Atlas Missile Site #5

Dear Ms. Jennings:

Enclosed are the analytical results for your samples received
in our laboratory on August 24, 1930, for the above captioned

project.

If, in your review, you should have any questions or require
additional information, please call.

Sincerely,

A

K. M. gawandoss, Ph. D.

Asst. Program Manager, Organics
KMB/jal

Enclosures

1700 WEST ALBANY, SUITE C ® BROKEN ARROW, OK 74012
(918) 251-2858 ® FAX (918) 251-2599



SOUTHWEST LABORATORY OF OKLAHOMA, INC.

1700 W. Albany « Suite "C" « Broken Arrow, Oklahoma 74012 . 918-251-2858

CLIENT: O°'BRIEN & GERE REPORT: 33543.01Y
5000 CEDAR PLAZA PARKWAY, SUITE 211
8T. LOUIS, MISSOURI 43128 DATE: 09-19-90

ATTN:  JULIE JENNINGS

SAMPLE MATRIX: WUWATER

SWLO # 3543.01

DATE SUBMITTED: 08-24-90

DATE ANALYZED = 08-30-90

METHOD REFERENCE: SW846-8240, EPA METHODOLOGY
FROJECT: FORBES ATLAS MISSILE SITE - 9, HOLTON, KS.
SAMPLE ID: GMW-502

KRESULTS REPORTED IN ug/L OK Parts Per Billion (PPR)

DET. DET.
VOLATILES LIMIT RESULTS  VOLATILES LIMIT RESULTS
~HLOROME THANE 10 ND 1,1,2,2-TETRACHLOROETHANE 5 ND
KOMOME THANE 10 ND 1,2-DICHLOROPROPANE 5 ND
VINYL CHLOKIDE 10 ND TRANS-1,3-DICHLOROPROPENE 5 ND
CHLOROE THANE 10 ND TRICHLOROETHENE 5 76
METHYLENE CHLORIDE 5 ND DIEROMOCHLOROME THANE 5 ND
ACETONE 10 ND 1,1,2-TRICHLORDETHANE 5 ND
CARBON DISULFIDE 5 ND BENZENE 5 ND
1,1-DICHLORDETHENE 5 ND €IS-1,3-DICHLOROPROFENE 5 ND
1,1~DICHL OROE THANE 5 ND 2-CHLORDE THYLVINYLETHER 10 ND
TRANS-1,2-DICHLOROETHENE 5 98 BROMOF ORM 5 ND
CHLOROF ORM 5 ND 2-HEXANONE 10 ND
1,2-DICHLOROETHANE 5 ND 4-METHYL~2-FENTANONE 10 ND
2~BUTANONE 10 ND TETRACHLORDE THENE 5 ND
1,1,1-TRICHLOROE THANE 5 ND TOLUENE 5 ND
CARBON TETRACHLORIDE 5 ND CHLOROBENZENE 5 ND
VINYL ACETATE 10 ND ETHYLBENZENE 5 ND
BROMODICHLOROME THANE 5 ND STYRENE 5 ND
TOTAL XYLENES 5 ND

/8C_SURROGATE RECOVERIES

TOLUENE-dB(88-110) 101X BROMOFLUOROBENZENE(86-115) 95% 1,2-DICHLOROETHANE~d4(76~114) 90%

NOT DETECTED ABOVE QUANTITATION LIMIT

ESTIMATED VALUE: CONCENTRATIONW BELOW LIMIT OF GUANTITATION
ANALYTE DETECTED IN BLANK AS WELL AS SAMPLE

SURROGATE RECOVERY OUTSIDE OF OC LIMITS

WD



SOUTHWEST LABORATORY OF OKLAHOMA, INC.

1700 W. Albany « Suite "C" « Broken Arrow, Oklahoma 74012 . 918-251-2858

CLIENT: O'BRIEN & GERE REPORT: 3543.02V
5000 CEDAR PLAZA PARKWAY, SUITE 211
8T. LOUIS, MISSOURI 43128 DATE: 09-19-90

ATTN:  JULIE JENNINGS

SAMPLE MATRIX: WATER

SWLO ¥ 3543.02

DATE SUBMITTED: 08-24-90

DATE ANALYZED : 08-30-90

METHOD REFERENCE: 5W846-8240, EFA METHODOLOGY
PROJECT: FORBES ATLAS MISSILE SITE ~ 9, HOLTONW, KS.
SAMPLE ID: DGHMW-502

RESULTS REFORTED IM ug/L OR Parts Per Billion (PPR)

DET. DET.
VOLATILES LIMIT RESULTS  VOLATILES LIMIT RESULTS
~HL OROME THANE 10 ND 1,1,2,2-TETRACHLOROETHANE 5 ND
AOMOME THANE 10 ND 1,2-DICHLOROPROFANE 5 ND
VINYL CHLORIDE 10 ND TRANS-1,3-DICHLOROPROPENE 5 ND
CHL ORDE THANE 10 ND TRICHL ORDE THENE 5 85
METHYLENE CHLORIDE 5 ND DIEROMOCHL OROME THANE 5 ND
ACETONE 10 ND 1,1,2-TRICHLOROE THANE 5 ND
CARBON DISULFIDE 5 ND BENZENE 5 ND
1,1-DICHLOROE THENE 5 ND C18-1,3-DICHLOROPROPENE 5 ND
1,1-DICHLORDETHANE 5 ND 2-CHLOROETHYLYVINYLETHER 10 ND
TRANS-1,2-DICHLOROETHENE 5 104 BROMOF ORM 5 ND
CHLOROFORH 5 ND 2-HEXANONE 10 ND
1,2~-DICHLORDETHANE 5 ND 4~METHYL -2~-PENTANONE 10 ND
2~BUTANONE 10 ND TETRACHLOROE THENE 5 ND
1,1,1~-TRICHLOROE THANE 5 ND TOLUENE 5 ND
CARBON TETRACHLORIDE 5 ND CHLOROEENZENE 5 ND
VINYL ACETATE 10 ND ETHYLBENZENE 5 ND
BROMODICHL OROME THANE 5 ND STYRENE 5 ND
TOTAL XYLENES 5 ND

TOLUENE~-dB(88-110) 102% FBROMOFLUOROBENZENE(86-115) 101% 1,2-DICHLOROETHANE~-d4(76-114) 87%

NOT DETECTED ABOVE QUANTITATION LIMIT

ESTIMATED VALUE: CONCENTRATION BELOW LIMIT OF GUANTITATION
ANALYTE DETECTED IN BLAMK AS WELL AS SAMPLE

SUKROGATE RECOYERY OUTSIDE OF €C LIMITS

wowonn



SOUTHWEST LABORATORY OF OKLAHOMA, INC.

1700 W. Albany « Suite "C" « Broken Arow, Oklahoma 74012 . 918-251-2858

CLIENT: O'BRIEN & GERE REPORT: 3543.03V
5000 CEDAR PLAZA PARKWAY, SUITE 211
ST. LOUIS, MISSOURI 63128 DATE: 09-19-%90

ATTN:  JULIE JEWNINGS

SAMPLE MATRIX: WATER

SWLO # 3543.03

DATE SUBMITTED: 08-24-90

DATE ANALYZED : 08-30-90

METHOD REFEREWCE: SW846-8240, EFPA METHODOLOGY
PROJECT: FORBES ATLAS MISSILE SITE - 9, HOLTOW, KS.
SAMPLE ID: GMW-501

RESULTS REPORTED IM ug/L OR Parts Per Billion (FFR)

DET. DEY.

VOLATILES LINIT RESULTS VOLATILES LIMIT RESULTS
CHLOKOMETHANE 10 ND 1,1,2,2-TETRACHLOROETHANE b] ND
SROMOMETHANE 10 ND 1,2-DICHLOROPROPANE 5 ND
VINYL CHLORIDE 10 ND TRANS-1,3~-DICHLOROPROPENE 5 ND
CHLOROETHANE 10 WD TRICHLOROETHENE 9 2 J
METHYLENE CHLORIDE 5 WD DIBROMOCHLOROMETHANE S ND
ACETOME 10 ND 1,1,2-TRICHLOROETHANE ) WD
CARBON DISULFIDE 5 MD BENZENE 5 ND
1,1-DICHLOROETHENE 5 ND CI15-1,3-DICHLOROPROFPENE b ND
1,1-DICHLOROETHANE 5 ND 2-CHLORDETHYLVINYLETHER 10 ND
TRANS-1,2-DICHLOROETHENE 3 ND BROMOF ORM 9 ND
CHL OROF ORM 5 ND 2~-HEXANONE 10 ND
1,2-DICHLORDETHANE b ND 4-METHYL-2-PENTANONE 10 ND
2~-BUTANONE 10 ND TETRACHLOROETHENE ) ND
1,1,1-TRICHLOROETHANE 5 WD TOLUENE 5 ND
CARBOMN TETRACHLORIDE 5 ND CHL.OROBENZENE b ND
VINYL ACETATE 10 ND ETHYLBENZENE 5 ND
BROMODICHL OROME THANE S MD STYRENE S ND

TOTAL XYLEWNES ] ND

8A/8C SURROGATE RECOVERIES

TOLUENE-dB(88~-110) 97% EROMOFLUOROBENZEMNE(86-115) 95% 1,2-DICHLOROETHANE-d4(74-114) B86%

NOT DETECTED ABOVE QUANTITATION LIMIT

ESTIMATED VALUE: CONCEMTRATION BELOW LIMIT OF QUANTITATION
ANALYTE DETECTED IN BLANK AS WELL AS SAMPLE

SURROGATE RECOVERY OUTSIDE OF GC LIMITS

WD
1

N oo

L



SOUTHWEST LABORATORY OF OKLAHOMA, INC.

1700 W. ALBANY SUITE C BROKEN ARROW, OK 74012 918 251-2858

Client Name: O'BRIEN & GERE ENGINEERS, INC.
5000 CEDAR PLAZA PARKWAY
8UITE 211
8T. LOUIS, MO 63128

Client ID: GMW-501 Project ID: FORBES ATLAS MIS8. #5
S8WLO ID: 3543.04 Report: 3543.04
Collected: 8/23/90 Report Date: 09/19/90 Page: 1
Received: 08/24/90 Last Modified: Matrix: water
DATE DETECTION DATE METHOD
TEST EXTRACTED LIMIT UNITS RESULTS ANALYZED REFERENCE

*Hh METALS #w

ARSENIC 10.00 ug/l ND 09/13/90 SW 7060
BARIUM 20.0 ug/L 134 09/12/90 SW 6010
CADMIUM 5.0 ug/l ND 09712/90 SW 6010
CHROMIUM 5.0 ug/\ ND 09/12/90 SW 6010
LEAD 30 ug/l 44.6 09/12/90 SW 6010
MERCURY 0.2 ug/L ND 09/04/90 SW 7470
SELENIUM 5.0 ug/l ND 09/18/90 SW 7740
SILVER 10 ug/L ND 09/12/90 SW 6010

ND = NOT DETECTED ABOVE QUANTITATION LIMIT * = SURROGATE RECOVERY OUTSIDE OF QC LIMITS

B = ANALYTE DETECTED IN BLANK AS WELL AS SAMPLE = SURROGATES DILUTED OUT

1 = UNABLE TO QUANTITATE DUE TO MATRIX INTERFERENCE J = ESTIMATED VALUE: CONCENTRATION BELOW LIMIT OF QUANTITATION

NA = NOT APPLICABLE

STANDARD METHODS, 16th EDITION, 1985 SW = EPA METHODOLOGY, "#SWB46", THIRD EDITION, NOVEMBER 1986

#EPA600/4-79-020, MARCH 1985

athodology: SM
EPA



SOUTHWEST LABORATORY OF OKLAHOMA, INC.

1700 W. ALBANY SUITE C BROKEN ARROW, OK 74012 918 251-2858

Client Name: O'BRIEN & GERE ENGINEERS, INC.
5000 CEDAR PLAZA PARKWAY
SUITE 211
8T. LOUIS, MO 63128

Client ID: GMW-502 Project ID: FORBES ATLAS MIS. #5
8SWLO ID: 3543.05 Report: 3543.05
Collected: 8/23/90 Report Date: 09/19/90 Page: 1
Received: 08/24/90 Last Modified: Matrix: water
DATE DETECTION DATE METHOD
TEST EXTRACTED LIMIT UNITS RESULTS ANALYZED REFERENCE

*aw METALS *%#

ARSENIC 10.00 ug/t ND 09/13/90 SW 7060
BARIUM 20.0 ug/L 234 09/12/90 SW 6010
CADMIUM 5.0 ug/l ND 09/12/90 SW 6010
CHROMIUM 5.0 ug/1 20.8 09/12/90 SW 6010
LEAD 30 ug/l ND 09/12/90 SW 6010
MERCURY 0.2 ug/l ND 09704/90 SW 7470
SELENIUM 5.0 ug/l ND 09/18/90 SW 7740
SILVER 10 ug/l ND 09/12/90 SW 6010

.

SURROGATE RECOVERY OUTSIDE OF QC LIMITS

ND = NOT DETECTED ABOVE QUANTITATION LIMIT =
B = ANALYTE DETECTED IN BLANK AS WELL AS SAMPLE = SURROGATES DILUTED OUT
1 = UNABLE TO QUANTITATE DUE TO MATRIX INTERFERENCE J = ESTIMATED VALUE: CONCENTRATION BELOW LIMIT OF QUANTITATION
“'A = NOT APPLICABLE
sthodology: SM STANDARD METHODS, 16th EDITION, 1985 SW = EPA METHODOLOGY, "#SW846", THIRD EDITION, NOVEMBER 1986

EPA = #EPAG600/4-79-020, MARCH 1985



SOUTHWEST LABORATORY OF OKLAHOMA, INC.

1700 W. ALBANY SUITE C BROKEN ARROW, OK 74012 918 251-2858

Client Name: O'BRIEN & GERE ENGINEERS, INC.
5000 CEDAR PLAZA PARKWAY
S8UITE 211
8T. LOUI8S, MO 63128

Client ID: DGMW-502 Project ID: FORBES ATLAS MIS. #5
SWLO ID: 3543.06 Report: 3543.06
Collectead: 8/23/9%0 Report Date: 09/19/90 Page: 1
Received: 08/24/90 Last Modifiead: Matrix: water
DATE DETECTION DATE METHOD
TEST EXTRACTED LIMIT UNITS RESULTS  ANALYZED REFERENCE

*aE METALS *#%

ARSENIC 10.00 ug/l ND 09/13/90 SW 7060
BARIUM 20.0 ug/1 235 09712790 SW 6010
CADMIUM 5.0 ug/l ND 09/12/90 SW 6010
CHROMIUM 5.0 ug/1 18.8 09/12/90 Sw 6010
LEAD 30 ug/t ND 09/12/90 SW 6010
MERCURY 0.2 ug/l ND 09/04/90 SW 7470
SELENIUM 5.0 ug/l ND 09/18/90 SW 7740
SILVER 10 ug/l ND 09/12/90 SW 6010

SURROGATE RECOVERY OUTSIDE OF QC LIMITS

ND = NOT DETECTED ABOVE QUANTITATION LIMIT =
B = ANALYTE DETECTED IN BLANK AS WELL AS SAMPLE D = SURROGATES DILUTED OUT
1 = UNABLE TO QUANTITATE DUE TO MATRIX INTERFERENCE J = ESTIMATED VALUE: CONCENTRATION BELOW LIMIT OF QUANTITATION
MA = NOT APPLICABLE
thodology: SM = STANDARD METHODS, 16th EDITION, 1985 SW = EPA METHODOLOGY, "#SWB46%, THIRD EDITION, NOVEMBER 1986

o

EPA = #EPA600/4-79-020, MARCH 1985



SOUTHWEST LABORATORY OF OKLAHOMA, INC.

1700 W. Albany « Suite "C" « Broken Arrow, Oklahoma 74012 . 918-251-2858

CLIENT: O’'BRIEN & GERE REPORT: 3543.07V
5000 CEDAR FLAZA PARKWAY, SUITE 211
8T. LOUIS, MISSOURI 63128 DATE: 09-19-90

ATTH: JULIE JENNINGS

SAMPLE MATRIX: WATER

SWLO # 3543.07

DATE SUBMITTED: 08-24-90

DATE ANALYZED : 08-30-90

METHOD REFERENCE: 5W846-8240, EPA METHODOLOGY
PROJECT: FORBES ATLAS MISSILE SITE - 9, HOLTON, KS.
SAMPLE ID: RGMW-502

RESULTS REPORTED IN ug/L OR Parts Per Billion (PPR)

DET. DET.

VOLATILES LIMIT RESULTS  VOLATILES LIMIT RESULTS
~HLOROME THANE 10 ND 1,1,2,2-TETRACHLOROETHANE 5 ND
XOMOME THANE 10 WD 1,2-DICHLORCPROPANE 5 ND
VINYL CHLORIDE 10 ND TRANS-1,3-DICHLOROPROPENE 5 ND
CHLOROE THANE 10 ND TRICHLOROE THENE 5 ND
METHYLENE CHLORIDE 5 ND D1BROMOCHLOROME THANE 5 ND
ACETONE 10 4§ J 1,1,2-TRICHLOROE THANE 5 ND
CARBON DISULFIDE 5 ND BENZENE 5 ND
1,1-DICHLOROETHENE 5 ND CI1S-1,3-DICHL OROPROPENE 5 ND
1,1-DICHLOROE THANE 5 ND 2-CHLOROETHYLYINYLETHER 10 ND
TRANS-1,2-DICHLOROETHENE 5 ND BROMOF ORM 5 ND
CHLOROF ORM 5 54 2-HEXANONE 10 ND
1,2-DICHLOROE THANE 5 ND 4-METHYL~2~PENTANONE 10 ND
2-BUTANGONE 10 ND TETRACHLOROE THENE 5 ND
1,1,1-TRICHLORCETHANE 5 ND TOLUENE 5 ND
CARBON TETRACHLORIDE 5 ND CHLOROBENZENE 5 ND
VINYL ACETATE 10 ND ETHYLBENZENE 5 ND
BROWODICHL ORGME THANE 5 2 3 STYRENE 5 ND
TOTAL XYLENES 5 ND

@A/aC SURROGATE RECOVERIES

TOLUENE-dB(88-110) 95% BROMOFLUOROBENZENE(86-115) 93% 1,2-DICHLOROETHANE-d4(76-114) 98%

NOT DETECTED ABOVE QUANTITATION LIMIT

ESTIRMATED VALUE: CONCENTRATION BELOW LIMIT OF QUANTITATION
ANALYTE DETECTED IN BLANK AS WELL AS SANMPLE

SURROGATE KECOVERY OUTSIDE OF @C LIMITS

R ouon



SOUTHWEST LABORATORY OF OKLAHOMA, INC.

1700 W. Albany « Suite "C" « Broken Arrow, Oklahoma 74012 . 918-251-2858 -

CLIENT: OBRIEN & GERE ENGINEERS, INC. REPORT: 3543.08FN
5000 CEDAR PLAZA PARKWAY, SUITE 211
ST. LOUIS, MISSOURI 63128 DATE: 09-25-90

ATTH:  JULIE JENNINGS

SAMPLE MATRIX: WATER

SWLO B 3543.08

DATE SUBMITTED: 08-24-90

DATE EXTRACTED: 08-27-90

DATE ANALYZED : 09-21-90

METHOD REFERENCE: SW846-8270, EFA METHODOLOGY
PROJECT: FORBES ATLAS MISSILE SITE #5

SAMPLE ID: RGHW-502

RESULTS REPORTED IM ug/L OR Farts Per Billion (FPFR)

POLYMUCLEAR AROMATIC HYDROCARBONS DETECTION LIMIT RESULTS
NAFHTHALENE 12.9 ND
T -METHYLNAPHTHALENE 12.8 ND
CHLORONAPHTHALENE 12.3 ND
ACENAPHTHYLENE 12.9 ND
ACENAFPHTHENE 12.% ND
FLUORENE 12.5 ND
PHENANTHRENE 12.5 ND
ANTHRACENE 12.5 ND
FLUORANTHENE 12.5 ND
FYRENE 12.5 ND
RENZO{A)ANTHRACENE 12.5 ND
CHRYSENE 12.5 ND
BENZO(B)FLUORANTHENE 2.5 ND
RENZO({ K ) FLUORANTHENE 12.5 ND
BENZO(AR)PYRENE 2.9 ND
INDENO(1,2,3-CD)PYRENE 12.5 ND
DIRENZ(A,H)ANTHRACENE 12.5 ND
RENZO(G,H,I)PERYLENE 12.%8 ND

NITROBENZENE-dY (3%-114) 44% 2-FLUORORIFHENYL (43-116) 45% TERPHENYL-d14 (33-141) 78%

ND = NONE DETECTED AROVE QUANTITATION LIMIT
d = ESTIMATED VALUE: CONCENTRATION RELOW LIMIT OF QUANTITATION
R = ANALYTE DETECTED IN BLANK AS WELL AS SAMPLE

X SURROGATE RECOVERY OUTSIDE OF QC LIMITS



SOUTHWEST LABORATORY OF OKLAHOMA, INC.

1700 W. ALBANY SUITE C BROKEN ARROMW, OK 74012 918 251-2858

Client Name: O'BRIEN & GERE ENGINEERS8, INC.
5000 CEDAR PLAZA PARKWAY
SUITE 211
8T. LOUIS, MO 63128
Client ID: RGMW-502 Project ID: FORBES ATLAS MIS8. #S
SWLO ID: 3543.09 Report: 3543.09
Collected: 8/23/90 Report Date: 09/19/90 Page: 1
Received: 08/24/90 Last Modified: Matrix: water
DATE DETECTION DATE METHOD
TEST EXTRACTED LIMIT UNITS  RESULTS  ANALYZED _ REFERENCE
s METALS Tk
ARSENIC 10.00 ug/L ND 09/13/90  SW 7060
BARIUM 20.0 ug/t ND 09/12/90  SW 6010
CADMIUM 5.0 ug/t ND 09/12/90  SW 6010
CHROMIUM 5.0 ug/1 ND 09/12/90  SW 6010
LEAD 30 ug/1 ND 09/12/90  su 6010
MERCURY 0.2 ug/1 ND 09/04/90  SW 7470
SELENIUM 5.0 ug/1 ND 09/18/90  SW 7740
SILVER 10 ug/t ND 09/12/90  SW 6010

ND = NOT DETECTED ABOVE QUANTITATION LIMIT SURROGATE RECOVERY OQUTSIDE OF QC LIMITS

B = ANALYTE DETECTED IN BLANK AS WELL AS SAMPLE = SURROGATES DILUTED OUT
I = UNABLE TO QUANTITATE DUE TO MATRIX INTERFERENCE J = ESTIMATED VALUE: CONCENTRATION BELOW LIMIT OF QUANTITATION
“A = NOT APPLICABLE

2thodology: SM = STANDARD METHODS, 16th EDITION, 1985 SW = EPA METHODOLOGY, "“#SW846", THIRD EDITION, NOVEMBER 1986

EPA = #EPAG00/4-T79-020, MARCH 1985



SOUTHWEST LABORATORY OF OKLAHOMA, INC.

1700 W. Albany « Suite "C" « Broken Arow, Oklahoma 74012 . 918-251-2858

CLIENT: O'BRIEN & GERE REFPORT: 3543.10V
5000 CEDAR PLAZA PARKWAY, SUITE 211
ST. LOUIS, MISSOURI 63128 DATE: 09-19-%0

ATTH:  JULIE JENMINGS

SaMPLE MATRIX: WATER

SHLO # 3543.10

DATE SUBRMITTED: 08-24-%0

DATE AMALYZED : 08-30-%90

METHOD REFERENCE: 5W846-8240, EPA METHODOLOGY
PROJECT: FORBES ATLAS MISSILE SITE - %, HOLTOW, KS.
SAMPLE ID: 5357TBZ TRIP BLK

RESULTS REPORTED IM ug/L OR Parts Fer Rillion (PFER)

DET. DET.

VOLATILES LIMIT RESULTS  VOLATILES LIMIT RESULTS
YL OROME THANE 10 ND 1,1,2,2~-TETRACHLORDETHANE & ND
AOMOME THANE 10 ND 1,2~DICHLORDPROPANE 5 ND
YINYL CHLORIDE 10 ND TRANS-1,3-DICHLOROPROFENE 5 ND
CHLOROE THANE 10 ND TRICHLOROE THENE 5 ND
METHYLENE CHLORIDE 5 ND DIEROMOCHLOROME THANE 5 ND
ACETONE 10 4 3 1,1,2-TRICHLORGE THANE 5 ND
CARBON DISULFIDE 5 ND BENZENE 5 ND
1,1-DICHLOROETHENE 5 ND CIS-1,3~DICHLOROPROPENE 5 ND
1,1-DICHLORCETHANE 5 ND 2~CHLORDETHYLVINYLETHER 10 ND
TRAMNS-1,2-DICHLOKOETHENE 5 ND BROMOF ORM 5 ND
CHL OROF ORM 5 ND 2~HEXANONE 10 ND
1,2~DICHLOROE THANE 5 ND 4~METHYL ~2-PENTANONE 10 ND
2-BUTANONE 10 ND TETRACHLOROE THENE 5 MD
1,1,1-TRICHLORDETHANE 5 ND TOLUENE 5 KD
CARBON TETRACHLORIDE 5 ND CHLDROBENZENE 5 ND
VINYL ACETATE 10 ND ETHYLEENZENE 5 KD
BROMOD I CHLOROME THANE 5 ND STYRENE 5 ND
TOTAL XYLEMNES 5 ND

8A/8C SURROGATE RECOVERIES

TOLUENE-dB(88-110) 947 BROMOFLUOROBEMZENE (86-115) 87% 1,2-DICHLOROETHANE-d4(76~114) 92%

NOT DETECTED ABOVE QUANTITATION LIMIT

ESTIMATED VALUE: COMCENTRATION BELOW LIMIT OF QUANTITATION
AMBLYTE DETECTED IM BLAMK AS WELL AS SAMPLE

SURROGATE RECOVERY OUTSIDE OF @C LIMITS
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SOUTHWEST LABORATORY OF OKLAHOMA, INC.

1700 W. Albany « Suite "C" « Broken Arrow, Oklahoma 74012 . 918-251-2858

ANALYTICAL REPORT

O'BRIEN & GERE ENGINEERS, INC.
S000 Cedar Plaza Parkway
Suite 211

St. Louis, Missouri &3128
SWLO IDENTIFICATION
SAMPLE NO.: 3543.01 — 3543.04
DATE RECEIVED: 08/24/90
DESCRIPTION

METHOD BLANK 09/13/90
METHOD BLANK 09/11/90
METHOD BLANK 09/11/90
METHOD EBLANK 09/11/90
METHOD BLANK 09/11/90
METHOD BLANK 09/04/90
METHOD BLANK 03/17/90
METHOD BLANK 09/11/90
BLANK SPIKE 09/13/30
BLANK SFIKE 039/711/90
BLANK SPIKE 03/11/30
BLANK SFIKE 03/11/90
BLANK SPFIKE 09/11/30
BLANK SFIKE 03/17/%0
BLANK SFIKE 09/11/90

QA/QC

REPORT:

REFORT DATE:

PARAMETER

ARSENIC
BARIUM
CADMIUM
CHROMIUM
LEAD
MERCURY
SELENIUM
SILVER

ARSENIC
BARIUM
CADMIUM
CHROMIUM
LEAD
SELENIUM
SILVER

3543—1

09/18/90
RESULTS

<10 ug/L

<20 ug/L

<5 ug/L

<5 ug/L

<30 uq/L

0.2 ug/L

<3 ug/L

<10 ug/L
108% RECOVERY
1017% RECOVERY
107% RECOVERY
104Y% RECOVERY
EEYA RECOVERY
116% RECOVERY
307 RECOVERY



SOUTHWEST LABORATORY OF OKLAHOMA, INC.

1700 W. Albany « Suite "C" « Broken Arrow, Oklahoma 74012 . 918-251-2858

CLIEMT: O’'BRIEN & GERE REPORT: 3543a
3000 CEDAR PLAZA PARKWAY, SUITE 211
87. LOUIS, MISSOURI 63128 DATE: 09-19-90

ATTN:  JULIE JENNINGS

SAMPLE MATRIX: UWATER

SWLO # METHOD BLANK

DATE ANALYZED : 08-29-90

METHOD REFERENCE: SW846-8240, EFPA METHODOLOGY
PROJECT: FORBES ATLAS RISSILE SITE - 9, HOLTOW, KS.
SAMPLE ID: METHOD BLANK

RESULTS REPORTED IN ug/L OR Farts Per Billion (FFB)

DET. , DET.

VOLATILES LIMIT RESULTS  VOLATILES LIMIT RESULTS
CHL OROME THAKE 10 ND 1,1,2,2-TETRACHLORDETHANE 5 MD
“ROMOME THANE 10 ND 1,2-DICHLORDPROPANE 5 ND
INYL CHLORIDE 10 ND TRANS-1,3-DICHLOROFROFENE 5 ND
CHLOROE THAME 10 ND TRICHLOROE THENE 5 ND
METHYLENE CHLORIDE 5 9 DIBROMOCHLOROME THANE 5 ND
ACETONE 10 KD 1,1,2-TRICHLOROE THANE 5 MD
CAREON DISULFIDE 5 ND BENZENE 5 ND
1,1-DICHLOROE THENE 5 ND CIS-1,3-DICHLOROPROPENE 5 ND
1,1-DICHLOROE THANE 5 ND 2-CHLOROETHYLVINYLETHER 10 ND
TRANS~1,2-DICHLOROETHENE 5 ND EROMOF ORN 5 ND
CHLOROF DR 5 ND 2-HEXANONE 10 ND
1,2-DICHL OROE THANE 5 ND 4-METHYL -2-PENTANONE 10 HD
2-BUTANONE 10 ND TETRACHLOROE THENE 5 ND
1,1,1-TRICHLOROE THANE 5 ND TOLUENE 5 ND
CAREON TETRACHLORIDE 5 ND CHLOROEENZENE 5 ND
YINYL ACETATE 10 ND ETHYLBENZENE 5 ND
BROMOD ICHL OROME THANE 5 ND STYRENE 5 ND

TOTAL XYLEMES 5 ND

8A/0C SURROGATE RECOVERIES

TOLUENE~-dB(88-110) 97% BROMOFLUOROBENZENE (86-115) 88% 1,2-DICHLOROETHANE-~dG(74~114) 94%

WOT DETECTED ARBOWE QUANTITATION LIMIT

ESTIMATED YALUE: COMCENTRATION BELOW LIMIT OF QUANTITATION
AMALYTE DETECTED IM BLAMK AS WELL AS SAMPLE

SURKOGATE RECOVERY OUTSIDE OF QC LIMITS

HD
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SOUTHWEST LABORATORY OF OKLAHOMA, INC.

1700 W. Albany . Suite "C" « Broken Arrow, Oklahoma 74012 . 918-251-2858

CLIENT: O'BRIEN & GERE REPORT: 3543b
5000 CEDAR PLAZA PARKWAY, SUITE 211
5T. LOUIS, MISSOURI 63128 DATE: 09-19-90

ATTN:  JULIE JENNINGS

SAMFLE MATRIX: WATER

SWL.0 # METHOD ELAMK

DATE AMALYZED : 08-30-90

METHOD REFEREWCE: SW846-8240, EFA METHODOLOGY
PROJECT: FORBES ATLAS MISSILE SITE - 9, HOLTOW, KS.
SAMPLE ID: METHOD BLANK

RESULTS REPORTED IM ug/L OR Parts Per Billion (FPB)

DET. DET.

VOLATILES LIMIT RESULTS  VOLATILES LIMIT RESULTS
CHLOROME THANE 10 MD 1,1,2,2-TETRACHLOROETHANE 5 ND
“ROMOME THANE 10 KD 1,2~DICHLOROPROPANE 5 ND
IMYL CHLORIDE 10 ND TRANS-1,3-DICHLOROPROFENE 5 ND
CHLOROE THANE 10 ND TRICHLOROE THENE 5 ND
METHYLENE CHLORIDE 5 6 DIERGMOCHL OROME THANE 5 ND
ACETONE 10 ND 1,1,2-TRICHLOROE THANE 5 ND
CARBON DISULFIDE 5 ND BENZENE 5 HD
1,1~DICHLOROETHENE 5 ND C1S-1,3~DICHLOROFROFPENE 5 ND
1,1~DICHLORDETHANE 5 ND 2-CHLOROE THYLVINYLETHER 10 ND
TRANS-1,2-DICHLORDETHENE 5§ hD EROMOF ORH 5 ND
CHL OROF ORI 5 MD 2-HEXANONE 10 ND
1,2-DICHLORDETHANE 5 MD 4-METHYL-2-PENTANONE 10 ND
2-BUTANONE 10 ND TETRACHL OROE THENE 5 ND
1,1,1-TRICHLOROE THANE 5 ND TOLUENE 5 ND
CARBON TETRACHLORIDE 5 ND CHLOROEENZENE 5 ND
VINYL ACETATE 10 ND ETHYLBEMZENE 5 ND
BROMODICHLOROME THANE 5 ND STYRENE 5 ND
TOTAL XYLENES 5 ND

@A/6C_SURROBATE RECOVERIES

TOLUENE~-d8(88-110) 92% BROMOFLUOROBENZENE(86-113) 92% 1,2-DICHLOROETHANE-d4(76-114) 91%

NOT DETECTED ABOVE QUANTITATION LIMIT

ESTIMATED VALUE: CONCENTRATION BELOW LIMIT OF GUANTITATION
AMALYTE DETECTED IN BLANK AS WELL AS SARMPLE

SURKROGATE RECOVERY OUTSIDE OF @C LIMITS

D

T
g onn



SOUTHWEST LABORATORY OF OKLAHOMA, INC.

1700 W. Albany « Suite "C" « Broken Arrow, Oklahoma 74012 . 918-251-2858

CLIENT: OBRIEN & GERE ENGIMEERS, INC. REPORT: 3543c
5000 CEDAR PLAZA PARKWAY, SUITE 211
ST. LOUIS, MISSOURI 63128 DATE: 09-25-90

ATTH:  JULIE JENNINGS

SAMPLE MATRIX: WATEK

SWLO # METHOD BLANK

DATE EXTRACTED: 08-27-90

DATE AMALYZED : 09-21-90

METHOD REFERENCE: 5W8B46-8270, EPA METHODOLOGY
PROJECT: FORRES ATLAS MISSILE SITE #5

SAMPLE ID: HMETHOD BLANK

RESULTS REPORTED IM ug/L OR Parts Per Billion (PPR)

POLYNUCLEAR AROMATIC HYDROCARBONS DETECTION LINMIT RESULTS
NAPHTHALENE 10 ND
2-METHYLNAFPHTHALENE 10 ND
" CHLORONAFHTHALENE 10 ND
-NAPHTHYLENE 10 ND
ACENAPHTHENE 10 ND
FLUORENE 10 ND
PHENANTHRENE 10 ND
ANTHRACENE 10 ND
FLUORANTHENE 10 ND
PYRENE 10 ND
RENZO(A)ANTHRACENE 10 WD
CHRYSENE 10 ND
BENZO (R)FLUORANTHENE 10 ND
RENZQ(K)FLUDRANTHENE 10 ND
BENZO(A)PYRENE 10 ND
INDENO(1,2,3-CD)PYRENE 10 ND
DIRENZ (A,H)ANTHRACENE 10 ND
RENZO(G,H,I)PERYLENE 10 ND

GA/GC SURROGATE RECOVERIES
NITROBENZENE-dS (35%-114) §52% 2-FLUORORIPHENYL (43-114) 32% TERPHENYL-d14 (33-141) B89%

NONE DETECTED AROVE QUANTITATION LIMIT

ESTIMATED VALUE: CONCENTRATION RELOW LIMIT OF QUANTITATION
ANALYTE DETECTED IN BLANK AS WELL AS SARPLE

SURROGATE RECQOVERY OUTSIDE OF QC LIMITS

ND
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SOUTHWEST LABORATORY OF OKLAHOMA, INC,

) 1700 W. Albany » Suite "C" « Broken Arraw, Oklahoma 74012 - 918-251-2858 + FAX. 918-251-2599

CLIENT: OBRIEN & GERE ENGINEERING REPORT: 3490
5000 CEDAR PLAZA PARKWAY, SUITE 211
§T. LOUIS, MO 43128 DATEs 01-~18~91

SAFPLE MATRIX: WATER

SWLO # 3490.08 (MS/NSD)

DATE ANALYZED : 08-21-90
METHOD REFERENCE: SWB44-8240

WATER VOLATILE MATRIX SPIKE/MATRIX S8FIKE DUPL ICATE RECOVERY

SPIKE SANPLE s ns ac

ADDED  CONCENTRATION = CONCENTRATION  PERCENT LINITS
COMPOUND (ug/1) (ugs1) (uas)) RECOVERY _ RECOVERY
1,1~DICHLORDE THENE 50 0 43 86 61 - 143
TRICHLORDE THENE 50 2 46 92 71 ~ 120
BENZENE 50 0 46 92 76 - 127
TOLUENE 50 0 49 98 76 ~ 128
HLOROBENZENE 50 0 49 98 75 ~ 130

SPIKE NSD NSD

ADDED  CONCENTRATION  PERCENT PERCENT  @C LIMITS
COMPOUND _ (ug/1) (ug/1) RECOVERY RPD __ RPP REC.
1,1-DICHLOROETHENE 50 43 86 0 14 61 - 145
TRICHLOROETHENE 50 44 92 0 14 71 - 120
BENZENE 50 45 90 2 11 76 - 127
TOLUENE 50 48 96 2 13 76 - 125
CHLOROBENZENE 50 49 96 0 13 75 - 130

¥VALUES OUTSIDE OF BC LIWMITS



3 SOUTHWEST LABORATORY

HHH

N

OF OKLAHOMA, INC.

October 1, 1890

Julie Jennings

O°BRIEN & GERE ENGINEERS, INC.

5000 Cedar Plaza Parkway, Suite 211
St. Louis, Missouri 63128

Project: Forbes Atlas Missile Site - 5, Bushong, Kansas

Dear Ms. Jennings:

Enclosed are the analytical results for your samples received
in our laboratory on August 31, 1990, for the above captioned

project.

If, in your review, you should have any questions or require
additional information, please call.

Sincerely,
ol (1
K. M. awandoss, Ph. D.
Asst. Program Manager, Organics
KMB/jal
Enclosures

1700 WEST ALBANY, SUITE C ¢ BROKEN ARROW. OK 74012
(918) 251-2858 ® FAX (918) 251-2599



SOUTHWEST LABORATORY OF OKLAHOMA, INC.

1700 W. Albuny , Suite "C" , Broken Arrow. Oklahoma 74012 , 918-25.-2858 ., FAX:918-251-2599

CLIENT: OBRRIEN & GERE ENGINEERS, INC. REFORT: 3606.01FN
5000 CEDAR PLAZA FARKWAY, SUITE 211
ST. LOUIS, MISSOURI 63128 DATE: 10-01-90

ATTN: JULIE JENNINGS

SAMFLE MATRIX: WATER

SHLO # 3606.01

DATE SURMITTED: 08-31-90

DATE EXTRACYED: 09-01-90

DATE ANALYZED @ 09-25-%0

METHUD REFERENCE: SW844-8270, EFA METHODOLOGY

FROJECY: FORRES ATLAS MISSILE SITE - &, BUSHONG, KAMSAS
SARFLE ID:  GhUWSOZ

RESULTS REFORTED IN ug/L OR Parts Per Billion (PPR)

POLYNUCLEAR AROMATIC HYDROCARBONS DETECTION LINIY RESULTS
NAFHTHALENE 12.98 <D
~ HETHYLNAFHTHALENE 12.8 2D
SHLORONAFPHTHAL ENE 12.8 2D
ACENAFPHTHYLENE 12.9 +D
ACENAFHTHENE 12,9 »D
FLUGRENE 12.5 =D
FHENANTHRENE 12.5 +D
ANTHRACENE 12.5 D
FLUORANTHENE 12.98 *D
FYRENE 12.5 *D
BENZO(A) ANTHRACENE 12.5 +D
CHRYSENE 1245 1D
RENZO(B)FLUORANTHENE 12.5% +D
BENZO( K)FLUORANTHENE 12.8 2D
RENZO(A)PYRENE 12.8 +D
INDENO(1,2,3-CD)PYRENE 12.5 WD
DIRENZ (A,H)ANTHRACENE 12.% b
BENZO(G,H, I )PERYLENE 12.% ¥

QA/0C SURROGATE RECOVERIES

NITROBENZENE-dG (3%~114) 42% 2-FLUOROBIFHENYL (43-116) 41k TERPHENYL-d14 (33-141) 41%

ND = NONE DETECTED AROVE QUANTITATION LIMIT
d = ESTIMATED VALUE: CONCENTRATION RELOW LIMIT OF QUANTITATICH
B = ANALYTE DETECTED IN RLANK AS WELL AS SAMFLE

SURROGATE RECOVERY CQUTSIDE OF GC LIMITS



SOUTHWEST LABORATORY OF OKLAHOMA, INC.

1700 W. Albanv , Suite "C" , Broken Arrow. Oklahoma 74012 , 918-25]-285% | FAX:918-25]-2599

CLIEWT: OBRIEN & OGERE ENGINEERS, INC. REFORT: 3606.04FN
5000 CEDAR FPLAZA FARKWAY, SUITE 211
8T. LOUIS, MISSOURI 63128 DATE: 10-01-90

ATTH:  JULIE JENNINGS

SANMPLE MATRIX: WATER

SWLO # 3606.04

DATE SUBMITTED: 08-~31-90

DATE EXTRACTED: 09-01-90

DATE AMALYZED = 09-25-90

METHOD REFEREWNCE: SW846-8270, EPA METHODOLOGY

PROJECT: FORBES ATLAS MISSILE SITE - 5, BUSHONG, KANSAS
SARPLE ID: GRWSOL

KESULYS REPORTED IN ug/L Ok Parts Per Billion (PPB)

POLYNUCLEAR AROMATIC HYDROCARBONS DETECTION LIMIT RESULTS
NAFHTHALENE 2.5 ND
~ -METHYLNAFHTHALENE 12.5 ND
CHLORONAFITHALENE 1.5 ND
ACENAFHTHYLENE 12.5 ND
ACENAFITHENE 12.% ND
FLUORENE 12,5 ND
PHENANY HRENE 12,8 ND
ANTHRACENE 12.5 ND
FLUORANTHENE 12,5 ND
PYRENE 12.5 ND
RENZO (A ) ANTHRACENE 12.5 ND
CHRYSENE 12.5 ND
RENZO (R) FLUORANTHENE 12.5 ND
RENZO (K ) FLUORANTHENE 12.5 ND
BENZO(A)FYRENE 12.5 ND
INDENO(1,2,3-CD)FYRENE 12.5 ND
DIRENZ (A H)ANTHRACENE 12.5 ND
RENZO(G,H,I)FERYLENE 12,5 ND

QA/68C_SURROGATE RECOVERIES

NITRUBENZENE-dY (35-114) 36% 2-FLUORORIPHENYL (43-116) 32%% TERPHENYL-d14 (33-141) 60%

ND = NONE DETECTED AROVE QUANTITATION LIMIT
d = ESTIMATED VALUE: CONCENTRATION RELOW LIRIT OF QUANTITATION
R = ANALYTE DETECTED IN RLANK AS WELL AS SAMPLE

X SURRUGATE RECOVERY OUTSIDE OF GC LIMITS



SOUTHWEST LABORATORY OF OKLAHOMA, INC.

1700 W. Albany , Suite "C" , Broken Arrow, Oklahoma 74012 , 918-251-2858 |, FAX:9]18-251-2599

CLIENT: O'BRIEN & GERE REFPORT: 3606.05V
5000 CEDAR FPLAZA FARKWAY, SUITE 211
57, LOUIS, MISBS0URI 63128 DATE: 09-17-90

ATTHM:  JULTE JENNMINGS

SARPLE MATRIX: WATEK

SWLO H 3606.05

DATE SUBMITTED: 08-31-90

DATE AMALYZED 2 09-08-90

METHOD REFERENCE: 5W846-8240, EPA METHODOLOGY

PROJECT: FORBES ATLAS MISSILE SITE ~ 5, BUSHONG, KANSAS
SAMPLE ID:  TRIP BLANK

RESULTS REFPORTED IN ug/L OR Parts fer Billion (PPR)

DET. DET.

VOLATILES LIMIT RESULTS VOLATILES LINIT RESULTS
ILOROME THANE 10 ND 1,1,2,2-TETRACHLOROE THANE 9 ND
sROMOME THAKE 10 ND 1,2-DICHLOROPROPANE S ND
YINYL CHLORIDE 10 ND TRANS-1,3-DICHL OROPROPENE 3 ND
CHLOROETHANE 10 ND TRICHLOROETHENE S ND
METHYLEWE CHLORIDE 5 ND DIBROMOCHLOROMETHANE 5 ND
ACETOME 10 ND 1,1,2-TRICHLOROE THANE 5 ND
CARBON DISULFIDE 5 ND REMZENE 5 ND
1,1-DICHLOROE (HENE 3 ND £I18-1,3-DICHLOROPROPENE 5 ND
1,1-DICHLOROE THANE B ND 2-CHLOROETHYLVINYLETHER 10 ND
TRANS~1,2-DICHLOROETHENE 3 ND BROMOFORA S ND
CHLOROF ORNM 5 40 2-HEXANUNE 10 ND
1,2-DICHLOROETHANE P ND 4-METHYL-2~-FENTANONE 10 ND
Z2-BUTANONE 10 ND TETRACHLOROETHENE 3 ND
1,1,1-TRICHLOROETHANE ) ND TOLUENE 3 ND
CARBON TETRACHLORIDE 3 ND CHLORORENZENE 5 ND
VIHYL ACETATE 10 ND ETHYLBEMZENE ) ND
BROMODICHLORORETHANE 3 2 J STYRENE 5 ND
TOTAL XYLENES 5 ND

8A/aC SURROGATE RECOVERIES

TOLUEME-d8(88-110) 109% BROMOFLUOROBENZENE(B86-115) 107% 1,2-DICHLOROETHANE-d4(76-114) 99%

v NOT DETECTED ABOVE QUANTITATION LIMIT
ESTIMATED VALUE: CONCENTRATION BELOW LIMIT OF GUANYITATION
AMALYTE DETECTED IN BLANK AS WELL A5 SANMPLE

SURROGATE RECOVERY OUTSIDE OF @C LIMITS

[EI L S O 1
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SOUTHWEST LABORATORY OF OKLAHOMA, INC.

1700 W. Albany , Suite "C" , Broken Arrow. Oklahoma 74012 , 918-25]-2858 | FAX 9]8-25]1.2599

CLIENT: OBRIEN & GERE ENGIMEERS, INC. KREPORT: 3606a
5000 CEDAR PLAZA PARKWAY, SUITE 211
87. LOUIS, MISSOURI 63128 DATE: 10-01-90

ATTN:  JULTE JENNINGS

SAMPLE MATRIX: WATER

SWLO # METHOD BLANK

DATE EXTRACTED: 09-01-90

DATE aMALYZED +  09-28-90

METHUD REFEREMCE: 5W846-8270, EFPA METHODOLOGY

PROJECT: FORBES ATLAS MISSILE SITE - 5, BUSHONG, KANSAS
SAMPLE ID: METHOD BLANK

RESULTS REPORTED IN ug/L OR Farts Per Billion (FPR)

POLYNUCLEAR ARONATIC HYDROCARBONS DETECTION LINMIT RESULTS
NAFHTHALENE 10 ND
P-BETHYLNAPHTHALENE 10 ND
HLORONAFPHTHALENE 10 ND
AuENAFHTHYLENE 10 ND
ACENAFHTHENE 10 ND
FLUORENE 10 ND
FHENANTHRENE 10 ND
ANTHRACENE 10 ND
FLUORANTHENE 10 ND
PYRENE 10 ND
RENZU(A) ANTHRACENE 10 ND
CHRYSENE 10 ND
BENZO(R)FLUORANTHENE 10 ND
BENZO(K)FLUORANTHENE 10 ND
RENZO(A)PYRENE 10 ND
INDENO(1,2,3-CD)PYRENE 10 ND
DIBENZ (A H)YANTHRACENE 10 ND
BENZO(G,H,I)PERYLENE 10 ND

94/0C SURROGATE RECOVERIES

NITRORENZENE-dS (35-114) 52% 2-FLUORORIPHENYL (43-114) H8% TERFHENYL-d14 (33-141) 6&%

ND = NONE DETECTED ABOVE GUANTITATION LIMIT

d ESTIMATED VALUE: CONCENTRATION BELOW LIMIT OF QUANTITATION
B = ANALYTE DETECTED IN BLANK AS WELL AS SAMPLE

X SURRDGATE RECOVERY QUTSIDE OF QC LIMITS

#



SOUTHWEST LABORATORY OF OKLAHOMA, INC.

1700 W. Albany , Suite "C” , Broken Arrow, Oklahoma 74012 , 918-25]-2858 , FAX: 918-25]-2599

CLIENT: O’'BRIEN & GERE REPORT: 3606b
5000 CEDAR PLAZA PARKWAY, SUITE 211
8T. LOUIS, MISSOURI 63128 DATE: 09-17-90

ATTHN:  JULIE JENNINGS

SAMPLE MATRIX: WATER

SWLO # HMETHOD BLANK

DATE ANALYZED : 09-08-90

METHOD REFERENCE: SWB44-B240, EPA METHODOLOGY

PROJECT: FORBES ATLAS MISSILE SITE ~ 5, BUSHOWNG, KANSAS
SAMPLE ID: PETHOD RLANK

RESULTS REPORTED IN ug/L OR Parts Per Billion (FPB)

DET. DET.

VOLATILES LINIT RESULTS  VOLATILES LIMIT RESULTS
CHLOROME THANE 10 ND 1,1,2,2-TETRACHL OROETHANME 5 WD
ROMOME THAHE 10 ND 1,2-DICHLOROPROPANE 9 WD
YINYL CHLOKRIDE 10 ND TRANS-1,3~DICHLOROPROPENE 5 MD
CHLORDETHAME 10 ND TRICHLOROETHENE 5 WD
METHYLENE CHILORIDE 8 ND DIBROMOCHL OROMETHANE 5 KD
ACETONE 10 ND 1,1,2-TRICHLOROE THANE 5 WD
CARBON DISULFIDE b WD BENZENE S ND
1,1-DICHLOROETHENE 5 WD CI5-1,3-DICHLOROPROPENE 5 WD
1,1-DICHLOROE fHANE b ND 2-CHLOROETHYLVIMNYLETHER 10 WD
TRAMNS-1,2~-DICHLOROETHENE S ND BROMOFORNM 5 ND
CHLOROFORM 5 ND 2-HEXANONE 10 WD
1,2-DICHLOROETHANE 5 WD 4-METHYL-2-PENTANONE 10 MD
2-BUTANONE 10 WD TETRACHLOROETHENE 3 WD
1,1,1-TRICHLORGETHANE 5 ND TOLUENE 5 MD
CARBON TETRACHLORIDE 5 ND CHLORORENZENE S WD
VIKNYL ACETATE 10 ND ETHYLBENZENE 5 ND
BROMOD ICHLOROMETHANE b ND STYRENE 5 ND
TOTAL XYLEWES 5 HD

TOLUEME-dB(88~-110) 91% BROMOFLUORORENZENE(86-115)  89%  1,2-DICHLUOROETHANE-d4(76-114) 90%

NOT DETECTED AROVE QUANTITATION LIMIY

ESTIMATED YalLUE: CONCEMTRATION BELGW LIMIT OF QUANTITATION
ARALYTE DETECTED IN BLANK AS WELL AS SANMPLE

SURRGGATE KECOVERY OUTSIDE OF OC LIMIVTS
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- SCULTHWENL LABUKALUKY UF UBRLAHUIMA, LN,
' 1700 W. Albany « Suite "C" » Broken Arrow, Oklahoma 74012 « 918-251.2858 « FAX:918-251-2599

CLIENTY OBRIEN &% GERE ENGINEERS, INC. REPORTr 340éc
5000 CEDAR PLAZA PARKWAY, SUITE 211
8T. LOUIS, MO 43128 DATE: 0i-18-F1

SAMPLE MATRIX: WATER

SWLO # 34056.02/3404.03 (MS/HSD)

DATE SUBMITTED: 08-31-90

DATE EXTRACTED: 09-~01-90

DATE ANALYZED : 09-23-90

NETHOD REFERENCE: SW846-8270

PROJECT: FORBES ATLAS MISSILE SITE ~ 5, BUSHONG, KANSAS

SAMPLE ID: GMW302

WATER SEMIVOLATILE MATRIX SPIKE/MATRIX SPIKE DUPLICATE

SPIKE SAMPLE MS ns ac

ADDED CONCENTRATION CONCENTRATION PERCENT LIMITS
COMPOUND {ug/1) {ug/}) (ug/1) RECOVERY _ RECOVERY
PHENOL 200 0 - - 12 - 89
2-CHLOROPHENOL 200 0 - - 27 - 123
1,4-DICHLORDOBENZENE 100 0 50 50 346 ~ 97
~NITROSO~di~n~PROPYLAMINE 100 0 52 32 41 - 116
1,2,4-TRICHLOROBENZENE 100 0 44 4s 39 - 98
4-CHLORO-3-METHYLPHENOL 200 0 - - 23 - 97
ACENAPHTHENE 100 o 54 54 45 - 118
4-NITROPHENOL 200 0 - - 10 - 80
2,4~DINITROTOLUENE 100 0 63 63 29 ~ 96
PENTACHLOROPHENDL 200 0 - - 9 - 103
PYRENE 100 0 67 67 26 - 127

SPIKE MSD MSD

ADDED CONCENTRATION PERCENT PERCENT ac LIMITS
COMFOUND (ug/1) (ug/1) RECOVERY RPD RPD __ RECOVERY
PHENOL 200 - - - 35 12 - B8Y
2-CHLOROFHENOL 200 - - - 50 27 - 123
1,4~-DICHLOROBENZENE 100 48 418 q 27 36 - 97
N-NITROSO-di-n-PROPYLAMINE 100 LY 52 0 3s 41 - 116
1,2,4~-TRICHLOROBENZENE 100 47 47 2 23 39 - 98
4-CHLORO-3-METHYLPHENOL 200 - - - 33 23 - 97
ACENAPHTHENE 100 83 53 5 19 46 - 118
4~-NITROPHENOL 200 - - - 50 10 - 80
2,4-DINITROTOLUENE 100 62 &2 2 47 28 -~ 94
PENTACHLOROPHENDOL 200 - - - 47 ? - 103
PYRENE 100 &9 69 3 36 26 - 127

VALUES OUTSIDE OF QC LIMITS




APPENDIX M

ANALYTICAL RESULTS FOR QUALITY ASSURANCE SAMPLES



APPENDIX N

GROUND WATER REGULATORY CRITERIA



Table N-1

Current Promulgated Ground Water Regulations,

Standards and Criteria:

Former Forbes Atlas Missile Site S$-5

Volatile Organics

acrolein

acrylonitrile

benzene
bis(chloromethyl)ether
bromodichloromethane
bromomethane

chlorobenzene

chloroethane

chloroethyl vinyl ether, 2-
chloromethane (methyl chloride)
dibromochloromethane
dichlorodiflouromethane
dichloroethane, 1,1-
dichloroethane, 1,2-
dichloroethylene, 1,1-
dichloroethylene, cis 1,2-
dichloroethylyne, trans 1,2-
dichloromethane (methylene chloride)
dichloropropane, 1,2-
dichloropropene, cis 1,3-
dichloropropene, trans 1,3-
ethylbenzene

hexane, n-

methyl ethyl ketone
tetrachloroethane, 1,1,2,2-
tetrachloroethylene
tetrachloromethane

toluene

tribromomethane (bromoform)
trichloroethane, 1,1,1-
trichloroethane, 1,1,2-
trichloroethylene
trichloroflouromethane
trichloromethane (chloroform)
vinyl chloride

xylene, o-, m-, p-

TVOC (Total Volatile Organics)

Volatile Organics

Bushong, Kansas
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Notes:
* MCL = Maximum Contaminant Level
** RMCL = Recommended Maximum Contaminant Level

**x*x KAL = Kansas Action Level

Regulations, Standards
and Criteria (ug/i)

MCL *

RMCL **

KAL *kk

320
3.8

5
3.86-06
100
0.19
60
37
0.19
100
5600
5

5

7

70
70
50
6

2

2
680
14000
170
1.7
7

5
2000
100
200
6.1

8000
100

440
100



Table N-2
Current Promulgated Ground Water Regulations,
Standards and Criteria:
Base Neutral Compounds
Former Forbes Atlas Missile Site $-5
Bushong, Kansas

Regulations, Standards
and Criteria (ug/l)

Base Neutral Compounds CAS Number MCL *  RMCL ** KAL ***
acenaphthylene 208-96-8 --- --- 0.029
anthracene 120-12-7 --- --- 0.029
benzidene 98-87-5 --- --- 0.0015
benzo(alanthracene 56-55-3 --- --- 0.029
benzolalpyrene 50-32-8 --- --- 0.03
benzo[b] flouranthene 205-99-2 --- --- 0.029
benzolg,h, ilperylene 191-24-2 .- --- 0.029
benzo[k] flouranthene 207-08-9 --- --- 0.029
bis(2-chlorethoxy)methane 111-91-1 --- --- 10
bis(2-chloroethyl)ther 111-44-4 --- --- 4.2
bis(2-chloroisopropyl)ether 108-60-1 --- --- 34.7
bis(2-ethylexyl)phthalate 117-81-7 --- .-- 4200
bromophenyl phenyl ether, 4- 101-55-3 --- --- 10
butyl benzyl phthalate 85-68-7 --- --- 10
chloronaphthalene, 2- 91-58-7 --- --- 10
chlorophenyl phenyl ether, 4- 7005-72-3 --- --- 10
chrysene 218-01-9 .- --- 0.029
dibenz(a,hlanthracene 53-70-3 --- --- 0.029
dichlorobenzene, 1,2- (o-) 95-50-1 --- --- 620
dichlorobenzene, 1,3- (m-) 541-73-1 --- --- 620
dichlorobenzene, 1,4- (p-) 106-46-7 --- --- 75
dichlorobenzidine, 3,3! 91-94-1 --- --- 0.21
diethylphthalate 84-66-2 --- --- 350000
dimethylphthalate 131-11-3 --- --- 313000
dinitrotoluene, 2,4- 121-14-2 --- --- 1.1
dinitrotoluene, 2,6- 121-14-2 --- --- 0.04
diphenylhydrazine, 1,2- 122-66-7 --- .- 0.45
di-n-butyl phthalate 84-74-2 --- --- 770
di-n-octyl phthalate 117-84-0 --- --- 10
flouranthene 206-44-0 --- --- 0.029
flourene 86-73-7 --- --- 0.029
hexachlorobenzene 118-74-1 --- --- 0.02
hexach lorobutadiene 87-68-3 --- --- 4.5
hexachlorocylopentadiene 77-47-4 .- --- 206
hexachloroethane 67-72-1 --- --- 1.9
indeno(1,2,3-c,dlpyrene 193-39-5 --- --- 0.029
isophorone 78-59-1 --- --- 5200
naphthalene 91-20-3 .-- --- 143
nitrobenzene 98-95-3 --- --- 5
n-nitrosodimethylamine 62-75-9 --- --- 0.0014
n-nitrosodiphenylamine 86-30-6 .- --- 71
n-nitrosodi-n-propylamine 621-64-7 --- --- 10
phenanthrene 85-01-8 --- --- 0.029
pyrene 129-00-0 --- --- 0.029
styrene 100-42-5 .- .- 0.14
trichlorobenzene, 1,2,4- 120-82-1 -~ --- 13
TBN (Total Base Neutrals noted) --- --- --- 10
Notes:

* MCL = Maximum Contaminant Level

** RMCL = Recommended Maximum Contaminant Level

*x% KAL Kansas Action Level



Table N-3
Current Promulgated Ground Water Regulations,
Standards and Criteria:
Acid Extractables
Former Forbes Atlas Missile Site S$-5
Bushong, Kansas

Regulations, Standards
and Criteria (ug/l)

Acid Extractables CAS Number MCL *  RMCL ** KAL ***
chloro-m-cresol, 4- 59-50-7 .-- - 3000
clhorophenol, o- 95-57-8 --- .- 0.1
clhorophenol, p- 106-48-9 .- - 0.3
dichlorophenol, 2,4- 120-83-2 .-- .-- 700
dichlorophenol, 2,6- 87-65-0 --- - 0.2
dichlorophenot, 3,4- 95-77-2 --- --- 0.3
dimethyl phenol, 2,4- 105-67-9 --- .- 400
dinitro-o-cresot, 4,6- 534-52-1 --- --- 13.4
dinitrophenot, 2,4- 51-28-5 --- --- 110
nitrophenol, 2- 88-75-5 - .- 290
nitrophenol, &4- 100-2-7 .- . 290
pentachlorophenol 87-86-5 --- --- 220
phenol 108-95-2 .-- --- 300
tetrachlorophenol, 2,3,4,5- 1901-51-3 --- .- 40
tetrachlorophenol, 2,3,4,6- 58-90-2 --- .- 263
tetrachlorophenotl, 2,3,5,6- 935-95-5 --- .- 40
trichlorophenol, 2,3,4- --- --- .- 40
trichlorophenol, 2,4,5- 95-95-4 --- - 1
trichlorophenol, 2,4,6- 88-06-2 .- .- 17
trichlorophenol, 3,4,5- 609-19-8 .- .- 40

Notes:
* MCL = Maximum Contaminant Level
** RMCL = Recommended Maximum Contaminant Level

ke KAL Kansas Action Level



Table N-4
Current Promulgated Ground Water Regulations,
Standards and Criteria:
Metals
Former Forbes Atlas Missile Site $-5
Bushong, Kansas

Regulations, Standards
and Criteria (ug/l)

Metals CAS Number MCL * RMCL ** KAL ***
arsenic 7440-38-2 50 --- 50
barium 7440-39-3 1000 --- 1000
cadmium T7440-43-9 10 --- 5
chromium 7440-47-3 50 --- 50
iron 7439-89-6 .- 300 300
lead 7439-92-1 50 --- 50
manganese 7439-96-5 --- 50 50
mercury 7439-97-6 2 --- 2
selenium 7782-49-2 10 .- 45
silver 74640-22-4 50 --- 50
zinc 7440-66-6 --- 5000 5000
Notes:
*  MCL Maximum Contaminant Level

Recommended Maximum Contaminant Level
Kansas Action Level

**  RMCL
A% KA

nonn



SOUTHWEST LABORATORY OF OKLAHOMA, INC.

1700 W. Albany « Suite "C" + Broken Arrow, Oklahoma 74012 . 918-251-2858

CLIENT: O'BRIEN & GERE REPORT: 2669.01V
5000 CEDAR PLAZA PKWY, SUITE 211
57. LOUIS, RISSOURI 63128 DATE: 06-19-90

ATTN:  JULIE JENNINGS

SAMPLE MATRIX: SOIL

SWLO # 2669.01

DATE SUBMITTED: 05-24-90

DATE ANALYZED : 05-31-90

METHOD REFERENCE: 5SW846-8240, EFA RETHODOLOGY
PROJECT: FORMER FORBES ATLAS MISSILE SITES
SAMPLE ID: 65551

RESULTS REPORTED IM ua/Kg OR Parts Fer Billion (FFPB)

DET. DET.

VOLATILES LINMIT RESULTS VOLATILES LINIT RESULTS
CHLOROMETHANE 10 WD 1,1,2,2-TETRACHLOROETHANE i wD
BROMOME THAKE 10 ND 1,2-DICHLOROPROPANE ) ND
“INYL CHLORIDE 10 WD TRANS-1,3-DICHLOROFROPENE 8 ND
ALOROE THAKE 10 WD TRICHLORDETHERE 3 ND
METHYLEHE CHLORIDE 3 15 k DIBROMOCHLOROMETHAKE 3 HD
ACETOHE 10 MD 1,1,2-TRICHLOROETHANE 5 WD
CARBON DISULFIDE ) ND BEWNZENE 5 WD
1,1-DICHLOROETHENE 9 ND CI5-1,3-DICHLOROFROPENE b ND
1,1-DICHLOROETHANE S MND 2~CHLOROETHYLVINYLETHER 10 ND
TRANS-1,2-DICHLOROCETHENE ) ND BROMOF ORM S WD
CHLOROFORM 3 MND 2-HEXANONE 10 WD
1,2-DICHLOROETHAME 3 ND 4-HETHYL-Z2-PENTANOKE 10 WD
2-BUTAMONE 10 ND TETRACHLOROETHENE 3 D
1,1,1-TRICHLOROETHANE P ND TOLUENE 5 ND
CARBON TETRACHLORIDE 3 ND CHLOROBENZENE 3 HD
VINYL ACETATE 10 ND ETHYLBENZEME 5 WD
BROMODICHLORGHE THANE o ND STYRENE 5 ND
TOTAL XYLENES 5 WD

0A/8C SURROGATE RECOVERIES

TOLUEME-dB(81-117) 117% EBROMOFLUOROBENZENE (74-121) 77% 1,2-DICHLORDETHAME~d4(70~121) 99%

NOT DETECTED AROVE QUANTITATION LIMIT

ESTIMATED YALUE: CONCENTRATION BELOW LIMIT OF QUANTITATION
AMALYTE DETECTED IM BLAMK AS WELL AS SANMPLE

SURROGATE RECOVERY OUTSIDE OF @C LIRITS

+D
J
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SOUTHWEST LABORATORY OF OKLAHOMA, INC.

1700 W. Albany « Suite "C" « Broken Arrow, Oklahoma 74012 . 918-251-2858

CLIENT: OBRIEN & GERE ENGINEERS, INC.

POLYNUCLEAR AROMATIC HYDROCARBONS

5000 CEDAR PLAZA FARKWAY, SUITE 211
ST. LOUIS, MISSOURI 63128
ATTN:  JULIE JENNINGS

SARFLE PMATRIX: SO0IL

SULD H 2669.01

DATE SURMITTED: 05-24-90
DATE EXTRACTED: 05-29-90
DATE ANALYZED @ 06-06~%90

REFORT:

DATE:

METHOD REFERENCE: SW846-8270, EFA METHODOLOGY

FROJECT: FORMER FORBES ATLAS MISSLE SITES

SAMFLE ID: 8G81

06

RESULTS REFORTED IN ug/Kg OR Parts Per Rillion (FPER)

DETECTION LIMIT

NAFHTHALENE
2-METHYLNAFHTHALENE
2-CHLORONAFHTHALENE
"TENAFHTHYLENE
ZNAPHTHENE

FLUORENE

FHENANTHRENE
ANTHRACENE
FLUORANTHENE

FYRENE

RENZ O (A) ANTHRACENE
CHRYSENE
BENZO(R)FLUORANTHENE
BENZO (K)FLUORANTHENE
RENZO(R)FYRENE
INDENO(1,2,3-CD)FYRENE
DIRENZ (A,H)ANTHRACENE
BENZO(G,H,I)FERYLENE

660
660
4660
4460
660
4660
46460
660
660
660
660
660
660
660
660
660
660
660

@A/aC SURROGATE RECOVERIES

NITROBENZENE-d® (23-120) 79% 2-FLUORORIFHENYL (30-11%)

ND
\
B
X

# o8 no#

NONE DETECTED AROVE QUANTITATION LIMIT

89%

2669.01FN

-20-90

ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND

TERFHENYL-~d14 (18-137) 108%

ESTINATED VALUE: CONCENTRATION RELOW LIMIT OF QUANTITATION

ANALYTE DETECTED IN BLANK AS WELL AS SAMPLE

SURROGATE RECOVERY OUTSIDE OF QC LIMITS



SOUTHWEST LABORATORY OF OKLAHOMA, INC.

1700 W. Albany « Suite "C" « Broken Arrow, Oklahoma 74012 . 918-251-2858

CLIENT: OBRIEN & GERE ENGINEERS, INC. REFPORT: 266%.02MT
S000 CEDAR PLAZA FARKWAY, SUITE 211
57. LOUIS, MISBOURI 63128 DATE: 0Ob6~20~-90

ATTN:  JULIE JENNINGS

SAMPLE MATRIX: SOIL

SWLO # 2669.02

DATE SUBMITTED: 05-24-90

PROJECT: FORMER FOREBES ATILLAS MISSILE SITES
SAMPILLE ID: 8882

DET. DATE METHOD
PARAMETER LIMIT UNIT RESULTS ANALYZED REFERENCE
TOTAL METALS
ARSENIC 2.0 mg/kg 3.6 05-Z21-90 SW 7060
BARIUM 4.0 mg/kg 129 Ob6-05~90  SW 6010
CADMIUM 1.0 mg/kKg 1.3 Qb-05~90  SW &010
CHROMIUM 1.0 mg/kg 12.6 O6~-05-90 SW 6010
" EAD 4.0 mg/¥Kg 41.6 06-05-320  8W 6010
ERCURY 0.1 mg/kKg ND 06-11-90 SW 7471
SELENIUM 1.0 mg/¥Kg ND O6~-01~-90 SW 7740
SILVER 2.0 mg/Kg ND 06-05~-90  SW 6010

NOT DETECTED AROVE QUANTITATION LIMIT
EFA METHODOLOGY, "#5WB846", THIRKRD EDITION

ND
SW

[}



SOUTHWEST LABORATORY OF OKLAHOMA, INC.

1700 W. Albany . Suite "C" « Broken Arrow, Oklahoma 74012 . 918-251-2858

CLIENT: O'BRIEN & GERE REPORT: 2669.02V
5000 CEDAR PLAZA PKWY, SUITE 211
ST. LOUIS, MISSOURI 63128 DATE: 06-19-90

ATTM:  JULTE JENKINGS

SAMPLE MATRIX: SOIL

SWLO # 2669.02

DATE SUBMITTED: 05-24~-90

DATE AMALYZED : 05-29-90

METHOD REFERENCE: SW844-8240, EPA METHODOLOBGY
PROJECT: FORMER FORBES ATLAS MISSILE SITES
SAMPLE ID: 8552

FESULTS REFORTED IN ug/Kg OR Parts Per Billion (PPR)

DET. DET.

VOLATILES LIMIT RESULTS VOLATILES LIMIT RESULTS
CHLGROMETHANE i0 ND 1.1,2,2-TETRACHLOROETHANE 3 ND
EROMOMETHANE 10 hD 1,2-DICHLOROFROPANE 5 ND
YINYL CHLORIDE 10 ND TRANS-1 ,3~DICHLOROPROPENE 3 ND
ALOROETHANE 10 ND TRICHLOKOETHENE b ND
METHYLENE CHLORIDE ) 33 E DIEROMOCHLOROMETHANE ) ND
ACETONE 10 ND 1,1,2-TRICHLOROETHANE 3 ND
CAarBON DISULFIDE 3 ND BENZENE 5 HD
1,1-DICHLOROE THERE 5 WD CI15-1,3-DICHLOROPROPENE 5 HND
1,1-DICHLORUETHANE 5 ND 2-~CHLOROETHYLVINYLETHER 10 HD
TRANS~1, 2-DICHLOROETHENE 3 HD BROMOF GRM 9 ND
CHLOROF GRM A 2 BJ 2-HEXAMONE 10 )
1,2-DICHLOROE THAME B ND 4-METHYL-2-PENTANONE 10 WD
2-BUTANUNE 10 ND TETRACHLOROETHENE S ND
1,1,1-TRICHLORODETHANE 3 ND TOLUENE 5 ND
CARBON TETRACHLORIDE 5 ND CHLOROBENZENE 5 ND
VIMYL ACETATE 10 ND ETHYLBENZENE 5 MND
BROMOD ICHLOROME THANE 3 ND STYRENE S ND
TOTAL XYLEMNES 5 KD

8a/8C SURROGATE RECOVERIES

TOLUENE-dB(B1~117) 112% BROMOFLUOROBENZENE(74-121) 82% 1,2-DICHLOROETHANE-d4(70-121) 97%

HD = HOT DETECTED AROVE GQUANTITATION LIMIT
J = ESTIMATED VALUE: CONCENTRATION RELOW LIMIT OF GUANTITATION
B = ANALYTE DETECTED IN BLANK A5 WELL AS SAMPLE

SURKOGATE RECOVERY OUTSIDE OF QC LIMITS



SOUTHWEST LABORATORY OF OKLAHOMA, INC.

1700 W. Albany « Suite "C" « Broken Arrow, Oklahoma 74012 . 918-251-2858

CLIENT:

OBRIEN & GERE ENGINEERS,

INC. REPORT :

5000 CEDAR PLAZA PARKUWAY, SUITE 211

ST. LOUIS, MISSOURI

63128

DATE:

ATTM:  JULIE JENMNINGS
SAMPLE MATRIX: G0IL

SWLO H 2669.02

DATE SUBMITTED: 085~24-90
DATE EXTRACTED: 05-29-90
DATE AMALYZED : 06~06-90

METHOD REFERENCE:
PROJECT:
SanPLE ID:

5862

SW846-8270, EPA METHODOLOGY
FORMER FORBES ATLAS MISSLE SITES

RESULTS REFORTED IN ug/Kg OKR Parts FPer Billion (FFE)

POLYNUCLEAR AROMATIC HYDROCARBONS

NAFHTHALENE
2-METHYLNAPHTHALENE
2-CHLORGNAFHTHALENE

* TNAFHTHYLENE

. NAFHTHENE

FLUGRENE

PHENANTHRENE
ANTHRACENE
FLUGRANTHENE

FYRENE

BENZO(A) ANTHRACENE
CHRYSENE
BENZO(R)FLUORANTHENE
RENZO (K)FLUORANTHENE
BENZO(A)FPYRENE
INDENO(1,2,3-CD)FYRENE
DIRENZ (A, H)ANTHRACENE
BENZO(G,H,I)FERYLENE

2669 . 02PN

06-20-90

DETECTION LIMITY RESULTS
660 ND
660 ND
660 ND
460 ND
660 ND
660 ND
660 ND
660 WD
660 ND
6460 ND
660 ND
660 ND
660 ND
660 ND
660 ND
660 ND
660 ND
660 ND

8A/8C SURROGATE RECOVERIES

NITRORENZENE-dS (23-120) %1%

ESTIMATED VALUE:
ANALYTE DETECTED IN BLANK

ou oo

% ot X

Z-FLUORORIFHENYL (30-115) 101X

NONE DETECTED ABOVE QUANTITATION LIMIT
CONCENTRATION RBELOW LIMIT OF QUANTITATION

AS WELL AS SARMFLE

SURROGATE RECOVERY QUTSIDE OF QC LIMITS

TERPHENYL-d14 (18-137) 137%



SOUTHWEST LABORATORY OF OKLAHOMA, INC.

1700 W. Albany « Suite "C" « Broken Arrow, Oklahoma 74012 . 918-251-2858

CLIENT: OBRIEN & GERE ENGINEERS, INC. REFORT: 2669.03MT
5000 CEDAR PLAZA FARKWAY, SUITE 211
8ST. LOUIS, MISSOURI 67128 DATE: 06-20~-50

ATTN:  JULTIE JENNINGS

SAMFPLE MATRIX: SO0IL

BWLO # 2669.07%

DATE SUBMITTED: O5-24-90

PROJECT: FORMER FORBES ATLAS MISSILE SITES
SAMPILE ID: 8583

DET. DATE METHOD
PARAMETER = ~ LIMIT UNIT RESULTS ANALYZED REFERENCE
TQTAL METALS
ARSENIC py mg/ kg 5.3 05%~Z21-90 SW 060
BARIUM 4.0 mg/ kg 179 OeL-08-90 G =010
CADMIUM 1.0 mg/kKg ND Ob~05-90 8SW =010
CHROMI LM 1.0 mg/¥qg 14.7 O6E~05-90 SW =010
CEAD 4.0 mg/ kg ZI.0 O6~05-90 SW 010
AERCURY 0.l mg/kKg ND 06~-11-90 SW ~471
SEILENIUM 1.0 mg/kKqg ND 03~31-90 SW ~740
SILVER 2.0 mg/¥g ND 06~05-90 SW 010

NOT DETECTED ARBOVE QUANTITATION LIMIT
EFA METHODOLOGY, "#SWB46", THIRD EDITION

MD
SW
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