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NOTICE

This report has been prepared for the United States Air Force by Radian
Corporation, for the purpose of aiding in the imp1entation of the Air Force
Installation Restoration Program. It is not an endorsent of any product.
The views expressed herein are those of the contractor and do not necessarily
reflect the official views of the publishing agency, the United States Air
Force, nor the Department of Defense.

Copies of this report may be purchased from:

Natiozl Technical Information Service
5285 Port Royal Road
Springfield, Virginia 22161

Federal Goverent agencies and their contractors registered with Defense
Technical Information Center should direct requests for copies of this report
to:

Defense Technical Information Center
Ceron Station
Alexandria, Virginia 22314
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APPENDIX B

Definitions, Nomenclature, and Units

o AlE -. Air Force Base

o Aquifer - geologic unit capable of storing and
transmitting significant quantities of water.

o D.P.D.O. - Defense Property Disposal Office

o DoD - Department of Defense

o EI4P - Electromagnetic Profiling

o EPA - Enviroomental Protection Agency

o CC - Gas Chromatography

o CCMS - Gas ChromatographyMass Spectrometry

o IRP - Installation Restoration Program

o JP-4 - Jet Propulsion fuel

o mg/L - Milligrams per liter

o msl - mean sea level

o O&G - Oil and Grease

o PCE - tetrachlorechylene (perchloroethylene)

o PD-680 - Petroleimt distillate (aliphatic) used as a safety
cleaning solvent

o POL - Petroleum, oil, and lubricants

o PVC - Polyvinyl Chloride

o RCRA - Resource Conservation and Recovery Act

o TCE - trichioroethene

o TOC - Total Organic Carbon

o TOX - Total Organic Balogens

o ug/L - Micrograms per Liter

o ug/ml - Micrograms per milliliter

o ug/g - Micrograms per gram

o USAF - United States Air Force

o VES - Vertical electrical soundings, earth resistivity

o VOC - Volatile organic compound

o WSA - Weapons Storage Area
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INSTALLATION RESTORATION PROGRAM
PHASE II - c0NFIEMArI0N/QUANTIFIcATI0N

(STAGE 1) CARSWELL APR TEXAS

I. DESCRIPTION OF WORE

The purpose of this task is to undertake $ field survey at Carswell AFB
TX to determine: Ci.) the presence or absence of contamination within the
specified areas of the survey; (2) the potential for migration of identified
contaminants in the various enviroumcntal media; (3) additional investiga-
tionS necessary to define the magnitude, extent, direction and rate of migra-
tion of identified contaminants; and (4) potential environmental consequences
and health risks of migrating contaminants.

The Phase I IRP report (mailed under separate cover) incorporates the
background and description of the sites for this task. To accomplish this
survey effort, the contractor shall take the following actions:

A. General

1. Well Installation:

Each borehole shall be drilled in accordance with ASTM
procedures.

Install 33 boreholes for a total of 1440 linear feet. Twenty-
four (2) boreholes shall be completed as ground-water monitoring wells for a
total of 1280 linear feet.

Each well shall be developed as soon as practical after
completion by blowing with air and pumping or by using a bailer. Well
development shall proceed until the discharge water is clear and free of
sediment to the fullest extent practical.

Field permeability tests shall be performed in accordance with
ASTM procedures.

Hollow stem auger techniques shall be used to install
boreholes and monitoring wells in the upper zone (alluvium) to allow the
collection of split-samples. Split-spoon samples shall be collected.
containerized, described and logged at 5 ft intervals or at stratum changes.
Samples to be analyzed chemically (per para B.) shall be capped, frozen and
package for overnight shipment to the appropriate laboratory. Two split-spoou
samples from each well/borehole shall be selected based on color, odor, and
organic vapor analysis (OVA) and analyzed per Table 2, Atch 3. The remaining
samples shall be archived and analyzed only if contamination is found in the
first samples.

Each ground-water monitoring well shall be screened over the
entire saturated thickness.

Air rotary methods shall be used for drilling monitor wells
into the Paliixy. Special precautions shall be taken to ensure that



contaminants are not introduced into the Paluxy during drilling or as a result
of migration around the borehole after well installation.

h. Schedule 40 PVC shall be used for upper zone wells and
schedule 80 PVC for Palnxy wells and any well over 100 feet deep.

The contractor shall monitor all exploratory well drilling and
borehole operations with an OVA instrument to identify potential generation of
hazardous and/or toxic materials. In addition, the contractor shall monitor
drill cuttings for discoloration and odor. During drilling operations, if
soil cuttings are suspected to be hazardous (based on OVA measurement, odors,
or discoloration), the contractor shall place them in proper containers and
test them for EP Toxicity and Ignitibility. Results of this monitoring shall
be included in borng logs.

Sampling and Analysis

a. All water samples collected shall be analyzed on site for pH,
temperature, and the sp.cific conductance. Sampling, maximum holding time,
and preservation of samples shall strictly comply with the following
references: Standard Methods for the Examination of Water and Wastewater,
current edition; ASTM, Section 11, Water and Environmental Technology; Methods
for Organic Chemical Analysis of Municipal and Industrial Wastewater, EPA
600/4-82-057; and Methods for Chemical Analysis of Waters and Wastes, EPA
Manuil 600/4-79-020. All chemical analyses (water, sediment and soil) shall
meet the recuired Limits of detection for the applicable EPA method identified
in Table 1, Attachment 1.

b Locations where water, soil, or sediment samples are taken
shall be surveyed and marked where possible with a permanent marker, and the
location documented on a project site map.

c. Split all water, sediment and soil samples as part of the
contractor's specific QualityAssurance/Quality Control (QA/QC) protocols and
procedures. One set of samples shall be analyzed by the contractor. The
other set of samples shall b. forwarded for analysis through overnight
delivery to:

USAF OEBL/ SA
Bldg 140
Brooks AFB ii 78235

The samples sent to the USAF OEBL/SA shall be accompanied by the following
information:

Purpose of sample (analyte)

Installation name (base)

Sample number (on containers)

Source/location of Sample

Contract Task Numbers and Title of Project

F33615-84-D-4402/0006 c-7



Method of collection (bailer, suction pump, airlift pump
etc.)

Volumes removed before sample taken

Special Conditions (use of surrogates, filtering, etc.)

Preservatives used, especially any nonstandard types.

This information shall be forwarded with each sample by properly
completing an AP Form 2752 (copy of form and instructions on proper completion
mailed under separate cover). In addition, copies of field logs documenting
sample collection parameters should accompany the samples.

Chainofcustody records for all samples, field blanks, and quality
control duplicates shall be maintained.

Water levels shall be measured at all monitoring wells to the
nearest 0.01 feet.

All wells shall be purged prior to sampling to ensure that
fresh formation water is collected. Purging shall proceed until at least
three well volumes of water have been displaced or until pH, temperature, and
specific conductance stabilize. If water flow to the well is too low or
recharge tooslow to meet the abovà conditions, the contractor shall document
the number of volumes.purged and sample in the most practical manner to get a
representative sample. All sampling in the upper zone shall be conducted
using 2inch stainless steel Kemmerer sampler, teflon bailer, or PVC bailer.
Sampling in the Paluxy shall be done with a dedicated pump installed in each
well.

Secondcolumn confirmation shall be required when detection
limits exceed values identified in Attachment 1, for EPA Methods 601 and 602.
Second column confirmation shall be conducted on a maximum of 50% of the
samples collected for these analyses. Total number of samples for Method 601
and 602 in Attachment 2 include these confirmation analyses.

Groundwater elevations shall be measured at three points in
time on all wells. One measurement shall be taken when the well is developed,
a second when the sample is obtained and the third approximately one month
after sampling. Measurements shall be referenced to an established, surveyed
markpoint on the top of the well casing.

Flow conditions shall be documented for all surfacewater
sampling.

Field data collected for each site shall be plotted and mapped.The
nature, magnitude, and potential for contaminant flow within each zone to
receiving streams and groundwaters shall be estimated. Upon completion of
each sampling and analysis effort, the data shall be tabulated in the next RD
Status report as specified in Item VI below.

Determine the areal extent of the sites by reviewing available
aerial photos of the base, both historical and the most recent panchromatic
infrared.

F33 61 5-84-D -4402/0006 C-8



B. In addition to items delineated in A above, conduct the following
specific actions at the indicated sites on Carswell APB:

1. Site 13, Flightline Drainage Ditch

Rand auger six soil borings to a depth of 10 ft at locations
as shown in Figure 1, Atch 2. Samples shall be collected at two foot
intervals and analyzed as shown in Table 2, Atch 3.

Three sediment samples shall be collected at locations shown
in Figure 1, Atch 2 and analyzed as shown in Table 2, Atch 3.

2. Site 12, Fire Department Training Area No. 2

Geologic conditions and plume existence shall be determined by
a site geophysical survey (electromagnetics and electrical resistivity)

Three groundwater monitoring wells (one upgradient, two
downgradient) shall be installed in the upper zone to an average depth of 40
ft (total of 120 linear ft) as shown in Figure 2, Atch 4. Collect splitspoon
samples per A.l.e and analyze as shown in Table 2, Atch 3.

Collect two rounds of groundwater samples from each well
(total of 6 samples) one month apart, and analyze for parameters shown in
Table 2, Atch 3.

Collect two surface water samples (one month apart) from the
small tributary to Farmers Branch north of the site and analyze for parameters
shown in Table 2, Atch 3.

Rand auger one soil boring to a depth of ten feet. Collect 5
soil samples (2 ft intervali) and analyze per Table 2, Atch 3. Collect one
groundwater sample and analyze per Table 2, Atch 3.

3. Site 17, POL Tank Farm

Eight soil borings (2 upgradient, 6 downgradicnt) shall be
drilled to * maximum depth of 20 feet each (total of 160 linear ft) as shown
in Figure 3, Atch 5. Analyze soil from each borehole for signs of fuels by
observing odor, color, and OVA measurements.

Collect one water sample from each borehole (total of eight)
and analyze per Table 2, Ateh 3.

Collect splitspoon samples per A.l.e from each of the eight
wells and analyze per Table 2, Atch 3.

4. Site 10, Waste Burial Area

a. Conduct a geophysical survey (electromagnetic, electrical
resistivity, and magnetometer) to define the site geologic conditions, waste
boundaries, and any plume present.

F 33615-84-0-4402 / 0006 C 9



Install three upper zone monitor wells (Figure 2. Atch 4) to
an averaga depth of 40 ft (total of 120 linear feet). One well shall be
drilled upgradient and two downgradient. Collect split-spoon sa.aples per
A.l.e and anelyze as shown in Table 2. Atch 3.

Collect two water samples (one month apart) from each well and
analyze per Table 2. Atch 3.

5. Site 16, Unnamed Stream

Rand auger tiree soil borings to a maximum dcpth of 10 ft each
(total of 30 linear feet) at locations shown in Figure 4. Atch 6. Collect
samples at two foot intervals, a total of 15 soil samples. Analyze two soil
sample* from each borehole based on OVA. odor or color per Table 2, Atch 3.
Archive the remaining samples and analyze if the previous samples are found
to be contaminated.

Collect two samples (one oth apart) from the stream and
snalyze per Table 2. Atch 3.

Collect two water samples (one moth.apart) from the oil/water
separator and analyze per Table 2. Atch 3.

Conduct a geophysical surrey (magnetometer) in the vicinity of
the abandoned gas station to determine if the tanks are still in place and to
evaluete potential of th. site as a source of cozitaination.

Drill threa soil borings to an average depth of 40 ft (total
of 120 linear feet) as shown in Figure 4, Atch G. Analyze soils using an OVA.
Collect three water sanlples and analyze for TOC, TOX, 0E, heavy metals and
Purgeable Organics per Table 2, Atch 3.

6. Site 15, Entomology Dry Well

One sample from the entomology dry well shall be collected and
analyzed for pesticides per Table 2. Atch 3.

Drill three wells (Figure 4, Atch). in the upper zone (two
downgradient and one upgradient). The wells shall be drilled to an average
depth of 40 ft (total of 120 linear feet). Each well shall be sampled twice
(One month apart) tad each sample analyzed for pesticides per Table 2, Atch 3.
Split-spoon samples shall be collected per A.l.e. and analyzed as shown in
Table 2, Atch 3.

7. Site 1, Landfill 1

Conduct geophysical surveys (electromagnetic, electrical
resistivity, and magnetometer) to delineate waste boundaries and aid in
selection of monitor wcll locations.

Drill four wells (one upgrdient and three downgradient) into
the upper zone at an average depth of 30 ft (total of 120 linear ft) at
locations shown in Figure 5. Atch 7.

F336]5-84-D-4402/0006 C-lU



c. Collect two water samples (one month apart> from each well
(total of 8 samples) and analyze as shown in Table 2, Atch 3. Split-spoon
samples shall be collected per A.l.e. and analyzed as shown in Table 2.
Atch 3.

8. Site 4, Landfill 4

Conduct geophysical surveys (electromagnetic, electrical
resistivity, and magnetometer) to define geological conditions and
waste/plume boundaries in the upper zone.

Collect two grab samples (one month apart) of the surface
water from the stream east of the site and analyze per Table 2, Atch 3.

Drill five boreholes (one upgradient and four dowugradient)
into the upper zone at an average depth of 40 ft each (total of 200 linear
ft). Split-spoon samples shall be collected per A.l.e. and analyzed as shown
in Tabel 2, Atch 3.

Each of the five boreholes shall be completed as a groundwater
monitoring well. Two ground-water samples (one month apart) from each well
shall be analyzed per Table 2, Atch 3.

o. Install one downgradient well to a depth of 200 ft into the
upper Paluxy. Two ground-water samples (one month apart) shall be collected
and analyzed per Table 2, Atch 3.

9. Site 5, Landfill No. 5

Conduct geophysical surveys (electromagnetic and electrical
resistivity) to define geological conditions and waste boundaries in the upper
zone.

Install three ground-water monitor wells (one upgradient and
two downgradient) in the upper zone (total of 120 linear ft) as shown in
Figure 2, Atch 4. Collect two ground-water samples (one month apart) and
analyze per Table 2. Atch 3. Split-spoon samples shall be collected per
A.1.e. and analyzed as shown in Table 2. Atch 3.

Install one upper Paluxy monitor well (200 linear ft)
upgradient of this site. Collect two ground-water samples (one month apart)
and analyze Table 2. Atch 3. Collect split-spoon samples per A.l.e and
analyze as shown in Table 2, Atch 3.

Collect two surface water grab samples (one month apart) from
the small stream that flows around the site. Analyze samples per Table 2,
Atch 3

10. Site 11, Fire Department Training Area No. 1

a. Drill two boreholes (one upgradient and one dowugradient) to
an average depth of 40 ft (total of 80 linear ft). Collect split-spoon
samples per A.l.e. and analyze as shown in Table 2, Atch 3.

P33615-84-0-4402/ 0006



b. Complete the two boroholes as ground-water monitor wells.
Collect and analyze two water samples per well (one month apart) er Table 2,
Atch 3.

a. Hand auger one soil boring to a depth of 10 ft. Collect soil
samples at two foot intervals (total of five) and analyze per Table 2,
Atch 3.

Site 3, Landfill No. 3

Conduct geophysical surveys (electrom.gnetic and electrical
resistivity) to define lateral and vertical boundaries of any contaminant
plume.

Weapons Storage Area (WSA) Inspection Shop Site

stand auger three soil borings to an average depth of five
feet and spaced fjv føet apart.

Collect and analyze two soil samples from each boring for
purgeable organics and oil and grease er Table 2. Atch 3.

c Collect one ground-water suple from the On-Site potable water
well and analyze for radioisotopes per Table 2, Atch 3.

Well and Borehole Cleanup

All well and boring area drill cuttings shall be removed and the
general area cleaned following the completion of each well and boring. Only
those drill cuttings suspected as being a hazardous waste (based on discol-
oration, odor, or organic vapor analysis) shall be properly containerized
(according to local civil engineering office requirements) by the contractor
for eventual government disposal. The suspected hazardous waste shall be
tested by the contractor for EP toxicity and Ignitibility. The contractor is
not responsible for ultimate disposal of the drill cuttings. Disposal will be
conducted by base personnel.

Data Review

Results of sampling and &nalysis shall be tabulated and incorporated
in the Informal Technical Information Report (as specified in Item VI below)
and forwarded to the USAP O. for review. Results shall also be forwarded as
available in the next monthly RD stitus report.

Reporting

1. A draft report delineating all findings of this field
investigation shall be prepared and forwarded to the USAF OEBL (as specified
in item VI below) for Air Force review and comment. This report shall include
a discussion of the regional/site specific hydrogeology, well and boring logs,
data frog water level surveys, groundwater surface and gradient saps, water
quality and soil analysis results, available geohydrologic cross sections, and
laboratory quality assurance information. The report shall follow the USA.F
OEL supplied foat (mailed under separate cover).

F3 3615-84- D - 4402/0006 C-12



2. The recommendation section shall address each Site and list them
by catagories. Catagory I shall include sites where no further action
(including remedial action) is required. Data for these sites is considered
sufficient to rule out unacceptable health or environmental risks. Category
II sites are those requiring additionsl monitoring or work to quantify or
further assess the extent of current or future contamination. Category III
sites are sites that will require remedial actions (ready for IRP Phase IV
actions). In each case, the contractor will summarize or present the results
of field data, environmental or regulatory criteria, or other pertinent
information supporting these conclusions.

F. Meetings

Th. contractor's project leader shall attend one meeting with Air
Force headquarters and regulatory agency personnel to take place at a time to
be specified by the USAF OEBL. The meeting shall take place at Carswell AFB
for a duration of one day (eight hours).

SITE LOCATION AND DATES

Carswell AFB TX
Date to be established

BASE SUPPORTS None

GOVERNMENT FTTRNISEED PROPERTY: None

GOVERNMENT POINTS OF CONTACT:

Maj George R. New
USAF OEHL/TSS
Brooks AFB TI 78235
(512) 536-2158
AV 240-2158

Col Ronald D. Burnett
UQ SAC/SGPB
Offutt AFB NE 68113
(402) 294-4651
AV 271-4651

2. Capt David R. Carpenter
USAF Regional Rosp Carswell/SQPB
Carswell AFB TX 76127

(817) 735-7111
AV 739-7111

F33615-84-D-4402/0005
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VI. In addition to sequence numbers 1, 5. and 10 in Attachment 1 to the
contract, which are applicable to all orders, the sequence nn*bers listed
below are applicable to this order. Also shown are data applicable to this
order.

Sequence No. Block 10 Block 11 Block 12 Block 13 Block 14

3 O/Tae * *

4 One/k 8 Mar 85 10 May 85 12 .Tul 85

* Upon Gompletion of aaslytic1 effort before submission of 1st draft report.

Two draft reports .ill be required. After incorporating Air Force commcnts
coacrning the first drift report, the contractor shill supply the USAP OERL
with ou* copy of th second draft report. Upon acceptance of the second
drift. the USAF OEEL will furnish a distribution list for the regaining 24
copies of the second draft. The contractor shall supply SO copies plus the
origina' camera ready copy of the final report.
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* Detection limit for TOC gust be 3 times the noise level of the instrument.
Laboratory distilled water must show no response; if it shows a rsponse.
corrections of positive results must be made.

Sa** Find if sample is ignitible at 140 degrees Farenheit or below. If so, it
is a hazardous waste.

Tible 1 Analytical Detection Parameters

ANAUTE. METRO
DETECTION
LIMIT (u/L) QA/QC

NO. OF
SAMPLES

Oil and Grease (IR) EPA 413.2 100 17 179
Tot&l Organic Carbon (TOC)* EPA 415.1 1000 8 81

Total Organic Balogens (TOZ) EPA 9020 5 (5 jig/g) 15 157
?nrgeable Organics EPA 601,602 ** 51 153

P11 EPA 150.1 +0.1 unit
Specific Conductance EPA 120.1 1 umho/cm -
Load EPA 2 15
EP Toxicity EPA 1310 4 39

Ignitability EPA 1010 1 3

Phenols EPA - 0.5 i'g/Kg 9 93

*0 Varies with coicpound.

a.. Metal

Refer to EPA ctho4 referenced above.

JLZ/Lof solution

As 10
Ba 200
Cd 10

Cr 50
Pb 20

1
Se 10

Ag 10

F33615-84-D-4402/0006 C-15
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.ATCH 2

Phase II Stage 1 Program,
Site No 13

Figure
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TOC 7G 8G 6G 3G 7G 8G 2W 2W Z4G 73
2W Z4W 12G 8G

rox 30S 7G 8G 6G 3G 8G 8G Z4G 1Z42

3B 2W 16S 6S Z4W 8S 8S gS
6S 6S

O&G 30S 7G 8G 6G 3G 8G 12G 8G Z4G 6S 162
3B 2W 16S 6S ZW 8S 2W 9S

6S 6S 8S

Lead 3G 13
Z4W

6S

r' Toxicity 30S 2 35
3B

Pjsticide5 hG 12G 12 12G 6G 106
9S 12S 3W 3W 14S

12S

F 3flolS 7G 8G 12G 8G 814

2W 8S 12S 8S 9S
6S

tmary Heavy hG 8G 12G 8G Z4G 814Ltals 2: 8S 12S 8S 9S
6S

} eab1e iic 9G 5G 12 G 3W 12G 6G 9S 170
Orariics 3j 9S 6W 12S 18G 3W 14S

17S 9S 12S

2W 2W

Iitability 2 2

Radiochemical 1G

N Wells/
E'ehole3 0 3 8 3 0 3 Z4 6 2 0 33
Total Depth of'
W.1s/Boreholes 0 120 160 120 0 120 120 Z400 320 80 0 11440

Table 2. IBP Phase II, Stage 1 Sampling Parameters
SAMPLING LOCATION

SUB
AJALTTE #13 #12 #17 #10 #16 #15 #1 #4 #5 #11 WSA OThER TOTAL

G=Ground-water amp1 es
S=Zoil 3ap1es
W urf'ace-water sap1es

edient sap1es
'Radiochenica1: Grosz A, Gross B, and Total Radium

F33615.84D44O2/OOOG C-17 ATCH 3
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Figure 2 Phase II Stage 1 Program,
Sites No. 4, , 10, 11, 12



A Soil Borinçsfwalev Samoles

Soil BoririgsiSoil arid Walef SamOleS

Figure 3 Phaee Ii Stage 1 Program,
Site No. 17

ATCH 5
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Aooroxmat.
Location 0$
Form., Gae

Station

® UnderQrounC
Frencn

Oraun

0

,_ *

Sei. ..,

SITE MO. 15-
E.itamo$oy EntomoioqyryWIH Sui0tSamol. L"fli

1313

Oww

00

N

SIrE c. is.-
Unnama0 Str,i,

W000.c

I

/

a
a
C

2/'
* Alluvium Monitor Wells Surface Water Sampling points

4

Figure 4 Piase II Stage 1 Program,
Sites No. 15 and 16
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SITE NO.1-
t.ariN NO. I

(O3wngradisnt)

Sca. ...

Exinq
Deco

Stoiaq.

OowI,gracler,t,

Monitoring Well LOcator,

Site No. 1

ATCH 7

Phase II Stage 1 Program,Figure
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RADIAN

APPENDIX D

Well Numbering Syst

The well and borings drilled at Carswell AFB during the Phase II

investigation are identified by a two-part label. The label consists of a

number followed by a letter of the alphabet. The number refers to the site

at which the well or boring is located. The letter refers to the position of

the well relative to the hydrogeology of the site. The letter A is assigned

to the well believed to be upgradient from the site. The letter B1 and those

consecutive after it, are assigned to wells and borings that are dowxigradient

of their respective sites.

An example is well 15A. The well is located at site No. 15, and is

believed to be upgradient of any contamination that may be present at the

site. Well 12C is located at site No. 12 and is believed to be downgradient

of any contamination present at the site.

One boring not drilled during the Phase II investigation was includ-

ed on the base-wide cross-section, A-A' This boring was identified as #27 on

the "Master Plan Soil Boring and Monument Data1 Carswell AFBI prepared in

June 1967. This plan was prepared by Carter and Burgess1 Engineers1 of Fort

Worth1 under contract Al 25(600)-4683.

D-3



RADL8M Log: oitor WeLl IA
COIPOL4T ION

P?oject Cizsvell Afl 11? Date. of briltig/Well CpLetio L/L9I8.5
Locatjo Outsid, of DPDO. to the West Elevadoos: Lad Surface 566.62 Ha.iuring Poiut 570.42
Dilt,d by SWL (CM! 15) Total Depth 9 ft.
Logged by J.1. Ch.a.an Drilliug. Sempliag Method. Hollow-item cuier: solit-s000n

Semoliae K d
Depth SempIc hove p.r $ple Graphic Well
(ft) Type 6 inch.e L.D. Log Geologic Deecription Not,. Cowpletiofl

CLAY; brown, eoi.t; gr.dee to gray
clay with aioor pebbles and sand
just above 5 ft.

LLK!$TOIE.
End of boring: 9 feet.

E 3

Lieetone .t 7 feet.

=o
U

Seal

.5-

0-

5-

10-

1$-

20-

25-

30-

35-

40-

8$ 2-5 IA!
(850888)



RADL6N
C0iP0&AZt0N

Project Cereveil £13 IRS
Location DPDO. North Yard
DrjU.4 by SW!. (CHE 15)
Logged by .1.8 Cha.an

Graphic
Log Geologic Description Not., Cpletion

Log: Monitor Well 13

Dates of Drilling/Well Cpletion 1119/85
Elevation.: Land Surfscm 560.69 Msa.uring Point 560 Z
Total Dapth 20 ft.
Drilling, Spliug Methods Hol1ov-sts aussr inlit-.voon

FILL; contains piece, Of concrete
and tar.

-1
U

a
hi0

Seal

CLAY; dark gray to black; anist. Water at 9 feet.

E-4

0
a
a

V

0
a

CLAY; dark gray; cohesive; weather- - hi

.d.hale.

CLAY; brove; gravelly eons at 19.5
ft. containing pebbles over 1 in.
tn dister, gra4ing b.ck into
brove clay en 19.7 ft.
Eud of boring: 20 feet.

-

Dspth
(ft)

$aolins Record5pl.
1'pa

3lovs per
6 inch..

Sple
t.D.

.5-

0-

35 10-9 151
5-

55 3-4 182
10- (850886)

33 7-9 133
15-

53 4-6 1U
20- (850887)

25-

30-

35-

40



Graphic Well
Log Geologic D..cription Note. Cp1.tion

U

ASPHALT; cent, fill .aterial.

FILL; contains concrete piece..

GLAY; black; contain. wood chip..

cLAY; brown; contain. ainor pebbles
and shell fraent.. Dragsr reaction.

cLAY; brown to gray; ainor sand and
pebblel (up to 1.5 ca in diameter);
mot. t.

CLAY; bro,n to gray; contain, peb-
ble. and increasing sand with Water.
depth; wet. a. -

a

CLAY; brown to gray; contains aand,
minor pebbles. and linustone frag-
aunt..

SWALE; bluish-gray; limonite stain-
jog; weathered.
Nnd of boring: 34 f.et.

Seal

E-5

a
aI

C,

Depth
(it)

S.anl,.na H.cord
Sple

Type
Blow. per
6 inch.,

Sp1.
I.D.

.5-

0-

58 31/14 1C1
5-

ss 4/6 1C2
10-

58 6/7 1C3
15- (850884)

55 3/4 lC4
20-

55 3/4 1CS
25- (850885)

SB 4/4 106
30-

55 7/12 IC?
35-

40-

HADIAJ Log: Monitor Well IC
C0HPOIATI0I

Project C 11 ATh I&P Date. of Drilliog/Wall Cpletion 1/19/85
Location DPDO South Yard Elevation,: Land Surface 560.46 4.aataring Point 560.03
Drilled by SW! (CX! 75) Total Depth 34 Fr.
Logged by .J.3 Chae.an Drilling. Spling Method. iSoLlov-et auaer snlit-e000n



Graphic Well
Log Geologic Description NOtia Cmplet1on

-

CLAY; dark brown to black, trice
to some lilt and fine sand, few
gravel.

Grad., to tan color, increa.ing
fins a.Bd.

Thin gravel layer at 14 ft; clay
ii gray.

Clay is moist.

LLMESTONE; dr,', hard.
End of bOring: 24 ft.

E-6

Puel odor at 19 ft;
air sample reaction;
cutting. damp, but
no free water.

Depth
(ft)

SamnJ.ina Re.-ord
Sple

Type
Elovi per
6 inches

Spl.
I.D

+5-

0-

SB 4-4 IDI
5-

55 3-4 lD2
10-. (850876)

SB 5-b lD3
15-

55 15-15 lD4
20- (850877)

58 NA 1DS
(850878)

25-

30-

35-

40-

BADIAII Log: Monitor Will LD
COaPORATION

Project Geruvall ATh tSP Datu of Drilling/Well CompLetion 1/18/85
tOctjo Bait of D!DO El.vatiooa: tad Surface 560.46 Measuring Point 564.06
DrilLed by SWL (CHE 75) Tot*1 Depth 24 ft.
Logged by J.B. Chanman Drilling, Sampling M.thods Nollow-stew aueer: ioLit-soon



Sa.olins Rord
Otaphic Well

Log G.ologi Description Notes Cpletiou

CLA!; silty, grey to black; in-
creasing sand and grevel vith
depth; moist.

5130; fine to grained, tan No senple recovery
to mat, dry; trace to a. lilt;
trecu fin. gravel; aciet.

SHALl; bluish-grey; vLth inter-
bedded lp..ston..

End of boring: 24 tt.

E- 7

Water at 13 ft.

t.inuato0. at 23.5
ft

Seal

a
U

Depth
(fu)

Sple
Type

Nlov per
6 inches

Sp1e
1.3.

.5-

0-

55 4-5 441
5-

53 3-4
10-

33 5-3 442
15- (850806)

SS 11-37 443
20-

25-

30-

35-

40-

RADIAN LOg: Monitor Well 44
CORPORAl ION

Project Carsw.11 £13 t2P Dates of Drilli*g/W.11 Cpletio 1114185
Location Sauthve,t of Radar Facility Ele,atjøne: LaUd Surface 624.65 MeasUring Point 625.84
Drl1.d by SWL (CIa 15) Total Dpth 24 ft.
Logged by L.N. French Drilling. Sa*pling Nethoda RoJlov..stea .14t-sOe



Project Carivell AIB 131 Dates of Drilling/Well Completion 1/14/85
Location Southeast of Radix Facility Elevations: Land Surfac. (p18.69 Measuring Point 620.02
Drilled by SWL (CM! 75) Total Depth 24 ft.
Logged by L.N. French Drilling, Siapling Methods EoLlov-stsa inter: sD1it-soon

Graphic Well
Log Geologic Description Note. Completion 2

FILL; red to brown, clayey with
ble aouut. of tine to coarse

sand, trace fine gravel.
CLAY; dark brown, moist, some silt.
Grad., to light brown, increasing
silt,

SAND; fine to nediom g d, tan,
nostly quarta with some feldspar
and aid, triable; occasional tine
gravel.

E-8

-I-

C

-

Depth
(ft)

Sian lint Record
Siaple
type

Blows per
6 inches

Siaple
I.D.

.5-

0-

58 5-8 431
5-

10-

55 2-2 433
15- (850807)

SR lO-4O 434
20- (850808)

25-

30-

35-

40-

S cal

Water at 16 ft.
Increasing fin, gravel. 4

0
00

0

SEAL!; gray-blue with thin Layers *for 5 1/2 in.
of lineston.. C,

=
End of boring: 24 tt.

Log: Moni.tor Well 48RADIAN
CORPORATION



Saan1ina ft.cord
Craphic Well

Log Geologic Description Note. Cowpletion

0000 0
0 0 0
0O.. 0-0 0

o OO 0
o * * 0

I CLAY, dark bOvn, silty; radal to
sandy clay, ligbt tan. few fine
gravel.
Lia.aton. gravel (1/2 in) it 4 ft.

SAND; fin, to n.diu. grajeed, red
brown, friable, dry; trace silt;
few laeeteua and rock fraent..

Gravel and .b.11 Layer at 15 ft.,
iacr.asing .edt0a to coafl. gravel
interb.dd.d with coarse tan .and.

CUV; fine to coarse, rock frag-
.nt. and abelle; with SAND. strati-
fied. mcdi,.,. to coarse gained.

End of boring: 29.5 ft.

E 9

(I-
U

Depth Spl. 31ev. per 5p1s
(Et) Yyp. 6 incb.. 1.D.

*5-

0-

58 3-4 4C1
5-

$8 6-7 4C2
10-

SS 23-2/s 4C3
15-

, .0. 0

5$ 16-23 4C4
20- (850804)

5$ 42-8k 4C5
25-

SS 4C6
30- (850805)

35-

40-

00 00
.00 00* =00,00:

Air cmp1s nega-
C-
a.

0

: : 000
0 o. ' 0 Large Limestone cobbl.. (4-5 in).

tive
'for 0.25 in.

--a.-
0'3-

. :
o 0-O U0*0.00

O 0
00 00

0,0 OflO
'0 LIMEStONE: dark gray; hard. Auger refusal.

RADIAN Log: Monitor Wall 4C

Project Car.well AIR 10 Date. of Drilling/Well Cp1.tion 1/11/85
Location Golf Course-East of RAdar Facility Elevation.: Land Surface 610.82 Mu.uring Point 613.12
Drilled b SIlL (CNE 75) total Depth 29.5 t.
LoUed b' L N. French Drtlling. Splinl Method. RoIlovlt. aUaer

*for S in.
Water at 16 ft.

Sail





aADIN
CORPORATION

Poj.ct C 11 All £12
Location Northeast of Radar facility
Drjll.d by SWL (CMI 75)

Graphic Well
Log Geologic Description Not.. Cowpletion

.'. Gee *
*0 0*) 0, 0

I
0o; 00*00 o e,c

00 CC

Log: Monitor Well 41

Date, of Drilling/Well Cpl.tion i/bias
Elevations; Land Surface 617,45 Measuring Point 618.55
lotal Depth 33 ft.
Drilling, Spling Methods liel1ov-st auasr: solitl000n

CLAT; dark brown. moist, with love
silt and flag sand. Grades to
light brown-tan with weathered
liasito.e pebble., increasing lilt
ad und.

CLAV.; fin, to aedi, and SAND,
i.dit to cosrae grimed, vedius
brown. stratified, friable, aoilt.

Decreasing gravel below 11 ft.

Gravel layer at 27.5 ft.

Increacing gravel.

*for 1.5 in.
LIMESTONE; dark gray, bard. Refusal St 35 ft.
End of boring: 35 ft.

E-11

Water at 24 ft.

Air semple negative.

U

Seat

Logged by L.N. fr.nrh

Semolina iscord
Depth S..ple Slave per Sapl.
(ft) Type 6 inches 1.0.

.5-

0-

KS 10-13 4K!
5-

53 90-12 412
10-

SS 5-6 413
15-

KS 13-18 414
20-

55 5-8 415
25- (850800)

KS 6-8 4Kb
30- 85080l)

SS 24_26* 417
35- (850801)

40-





II
r -cr s

Project Carev.I1 API liP Data. of Drilling/Well. Cpletion 1/15/85
Location Northenet of Landfill 5 at Stream Elsyationa: Land Surface 597.18 Measuring Point (0Q.48
Djll.4 by SWL (cnn 75) Total. D.pth 9 ft.
Logged by L.N French Drilling. Sa.pling Method. Ifollov-it. suaar iD1it-soon

Sg.Dlin. kcord
Graphic Well

Log Geologic Description Notes Cowpletion

CLAY; dark brown, vth variable
ounts of silt, send and gravel;

.oist.

SA$D; fine to nsdiu grained,
orange-brown, trace silt and fin.
gravel.

SaALE; grayblue, hard, dry.
End of boring 9 ft.

E-13

Shale at 8 ft.

0

a
U

-

Depth
(ft)

Sp1.
Type

Slay. per
6 inch..

Sp1.
LD.

.5-

0-

88 3-2 531
5.- (a5oa3)

SS 50 (1. .n) 532
10-

15-

20-

25-

30-

35-

Log Monitor Well 53RADIAN
C0P.POL&T ION



Saenlinr Record
Graphic Well

Log Geologic Description Notes Cc.ipletion

CLAY; aedi,,. brown; with lows silt
and fine to coars, sand, increasing
gravel with depth.

SANDS fine to mediuw grimed.
orangabrown. dry; increasing eois-
ture, few Mn tainl.

W.tsr at 12 ft.

Few layers nd lense, of CLAY, red- Air ample nega-
dish-brown, nottled vith light tan, tire.
plastic; sow. silt.

LIMESTONE (?).
End of boring: 22 ft.

E-14

I
Seal

Depth
(fr)

Spls
lyps

Blows p.r
6 inch.a

3p1.
I.D.

+5-

0-

SS 3-7 SCI
5-

38 7-10 52
10-

38 3-2 5C3
15- (850839)

SB 14-11 5C4
20- (850840)

25-

30-

35-

40-

a.ADIAg Log: Monitor Well SC
CORPOUT ION

Project Cariweli Al) IRP Datei of Drilling/WeLl Cowpletioa 1/15/85
Locatj.on et of Landfill. 5 at Coed, Dr. El. eriona: Laud Surface 606.83 Measuring Point 608.73
Drilled b S1JI. (CMI 75) Total Depth 22 ft.
Logged by L..N. French Drilling1 Si.pling Methods En11ov-.t. a.eer: suiit-snoon



Grapbic Well
Log G.ologic Deacription Noti Cpletion

S *_* a
*0

, :11l O 41
, :

CLAY; n.diun brown, dry, a. sift;
few lia..tone gravel.

Increasing noisture.

Incr.a.ing fine to nediun gravel
with ehell fra.ot..

GRAVEL: medius to coarse grained,
rock fragments and shell, inter-
bedded wtb layers of SAND, fine
to coarse grained, light ran,
lmivated.
End of boring: 39 feet.

E-15

Water at 27 ft.

Seal

Ii

D.ptti
(ft)

Siolinr R.cord
SaapLs
Type

ZLov. p.r
6 inchea

Sp1s
ID.

*5-

0-

SR 15-17 IOAI
5-

SR 16-29 IOAZ
10-

55 6-7 10A3
15-

55 12-19 10A4
20-

SR 10A5
25-

SS 6-13 IOA6
30- (850860)

SS 13-15 10A7
35-

SS N/A LOAd
40-

SAND; fin, to a.di
orange-brown. dry.

grained. 0

4*
0
a

RADIAN Log: Monitor Well LOA
CORPORATION

Project Carsvtll AFB IEP Datei of Dril.ling/We11 Cospl.tion 1115/85
Location Ws.t of Wait. Butial Area Elevations: Land Surface 623.98 M.aaurng Point 626.68
Drill.d by SWL (CMi 75) Total D.ptb 39 ft.
Logg.d by 1,.N. Fr..Drh Dri11in. Sapling Matbodl Hoilov-ite* auser: aoJit-ei,00n



S.Lolina Record
Graphic

Log
Well

Geologic Description Notes Coepletion

CLAY; dark brown, noilt; so.. silt;
grads to increasing fin, to coarse
g d sand with fin. gr.vel.

SAND; aediun to coarse g
tan-ruSt, dry trace silt.

Few lineston. gravel.

Few thin lenses and layer, of red
silty clay.

Few zone, of coarse sand and
fine gravel.
SRALE; grey, hatd.

LIMESTONE; gray.
End of boring; 36 ft.

E- 16

Water at 26.5 ft.

'for 1 inch.

Seal

Depth
(ft)

S.npl.
Type

Blows per
6 inchss

SaLpLe
I.D.

.5-

0-

98 10-13 1031
5-

SS 5-4 1032
10-

88 7-9 1033
15- (850809)

98 6-1 lOW.
20-

86 12-16 1035
25-

$5 6-16 1036
30- (850810)

5$ 38-1 2* 1037
35-

40-

RADI.&N Log: Monitor Well 108
C0gP0RATI0N

Project CarevelL A!B ZR? Dates of Drillug/W.11 Conpietion 1/14185
Location East of Waste 8urigl Area Elevations: Land Surface 620.92 Measuring POiUt 624.42
Drll.d by SWL (CXE iS) Total Depth 36 ft.
Logged by L.N. French Drilling. Se*pling Method. Uollov-ate aunar: solir-s000n



LIMESTONE; hard, dry.
End of boring: 32.5 feet.

E-1 7

Logged by L.N. French

D.pth
(ft)

Ssnl,n. 1acrd
Sample

Type
Slays per
6 inches

Sp1.
I.D.

.5-

0-

55 5-8 1OCI
5-

88 17-20 10C2
10-

SN 25-25k 10C3
15-

SN ER 10C4
20-

SS 8-1) 1005
25- (850342)

SS 5-7 1006
30- (850837)

35-

40-

RADIAN Log: Monitor Well IOC
CORPORATION

Project C 11 All IR! Dgtai of Drilling/Well Cp1ltion 1/15/85
LoCatton Northeact of Waste Iurial Area Elevations: Land Surface 615.16 Measuring Point 617.22
Dri11 by SWL (CIW 75) Total. D.pth 32.5 ft.

Drilling. 3p1.ing Method. Uo11nv'et. surer: snl.it-s000u

Graphit Well
Log Geologic Description NoteS Cc.pletion

CLAY; dark brown, soilt; sow. silt;
trace f ins to coarse sand; trace
gzav*l grads, to t.dit brown, dry
clay.

Increasing gravel aDd coarse nnd.

00
0

Gravelly rote at 11 feet.
SAND; fin, to aedia grimed. light
tan, dry; sow, lilt.

*fot 5 1/2 in.

Seal

Increasing sOilture.
Watst at 22 ft.



Saanliaa Record
Graphic Well

Log Geologic Deicription NoteS Conpletion

SLLE; blue-gray, aae.ive, hard.
End of boring: 14.5 feet.

CRAVEL; hiaestone, coarse; and Grout
CLAY, dry, light brovn; with sos.
silt and Line to coarse grained
sand. -
SAND; aediow to coarse grained,
sdit brown, stratified with thin

gravel and shell layers.
Water at 8 ft.

41 w

E-18

(Ilk destroyed on
1(23/85; replaced as
shown at right)

0

S

Depth
(ft)

Siaple
Type

Blow. per
6 inches

5p1.
I.D.

5..

0-

ES 4-7 hAl
5-

ES 3-4 11A2
10.- (850841)

SE 13-28 11A3
15-

20-

25-

30-

35-

40-

&ADUM Log: Monitor Well _IIA
coRPOgATIoN

Project 11 £13 122 Dates of Drilling/Well Cowplstion 1/15185
LoCtjn North of FTA I Elevations: Land Surface 604.75 Measuring Point 608 25
Drilled by SWL (0Mg 75) Tot&l Depth 14.5 ft.
Logged by L.N. French Drilling. Spling Method. Ro1loveta auger: i1it-s000n



Samlina Record
Graphic Well

Log Geologic Description Notes Covpletion

CLAY; dark brovo to tan; .itb Grout
ailt cud fine sand. Trace fine
gravel. Seal

SAND; m.diu. brovu, n.di to
coarse grained; little silt. Water at 7 ft.

Air aa*ple =
negative.

SEALS, blue-gray, massive, hard.
End of boring: 15 ft.

E- 19

Depth
(ft)

S.ple
Typ,

Blove per
6 inches

Sample
I.D.

.5-

0-

SB 4-5 IIBI
5-

SB 4-7 1132
10- (850861)

55 13-25 1133
15-

20-

25-

30-

35-

40-

RADIAN Lor Monitor Well 113
CORPORAyION

Project C U. AID IRP Dates of Drilling/Well Ccmpletion 1/16/85
Location South of flA 1 Elevation,: Land Surface 603.58 Measuring Point 608 11
Drilled by SWL (CM! 75) Total Depth 15 ft.
Logged by L..N. French Drilling. Sspling Method, ILoLlov-st auaer s1it-,000n



Graphic Well
Log Geologic De.cription Not., Ccupletion

0

n

CLAY; tan-brown, dry; trace to Some
silt with depth; littl, fins sand.

Increasing coarse .and and fine
gravel.

SAND; tan, fine to coarse grained.
vary noist, littl. silt; few fine
gravel and pebbles.

SEAL!; weathered, mottlmd gray ad
brown.

Increasing stiffness with depth.

Eud of boring: 25 ft.

E-20

Water at 16 ft.

=a
0

See!

Depth
(it)

Seni,j.ina Record
Siapla

Type
310,. p.r
6 jchss

Sp1.
I.D.

*5-

0-

ss 6-8 12*1
5-

SS 24-26 1242
10-

ES 6-7 12*3
13-

53 10-12 12*4
20- (850869)

55 12-32 12*5
25-

30-

35-

40-

&ADLAN Log: Monitor Well 12*
CORPORAl ION

roj.ct Cariv.1l 01 Ii? Dat,. of Drilling/Well Ccpl.tion 1117185
Location So&tbve,t of FTA 2 Elevations: Laud Surface 632.76 Maccuring Point 635.66
Drilled by SWL (CME 75) Total Depth 25 ft.
Logg.d by L.N. French Drilling, 3pling M.thoda aollov-steu aneer: *plit-soo



RADIAN
COLPORAXION

Project C I. 813 IRP
Lotgtjon North of PTA 2
Drilled by SWL (CME 75)
Logged by L.N. Franch

Semolina t.cord
Graphic Well

Log Geologic Description NoteS Completion

40-

Log: Monitor Well 123

Dates of DrilJ.ing/Well Cc.pletOn 1/17185
Elevation.: La4 Surface 625 .6 Measuring Point 627 .59
Total. Depth 40 ft.
Drilling, Sampling Methods Uollov-atem cuter: D1it-ioou

CLAY; dark browu to gray, organic
fr.gmenti, slightly moist; sow.
silt; trace tin. sand.

Fey rave1, color change to yellow-
faQ tan at 7 ft.

Increasing gYaveL at 9 ft.

SAND; fine to .csdium grimed, light
bromu, dry, friable; little silt.

Decreasing silt and clay.

E-21

Ilydrotirbon odor
at 19 ft.

Fey gravel lenses with coarse sand
it 24 ft. Seal

Air sample reaction
GRAVE; shells and rock fragment., at 29 it.
medius to coarse grainS; and *fOr 3 inches.
SAND; tan, fine to coarse. .attr
rated, sow. silt and clay.

LIMESTONE; hard. Anger refeal at
End of boring: 40 ft. 40 ft.

Depth
(ft)

Sample
Type

31ova p.r
6 incheS

Sple
I.D.

.5-

0-

SS 3-7 1231
5-

59 7-9 1232
10- (850870)

85 8-10 1233
15- (850871)

55 5-7 1234
20-

59 13-18 1235
25-

sS 2733* 1236
30-

55 12-19 1237
(850872)





94DIAI
COLPOL&TtObt

froject C,rav.11 ATh Ii?
Location Narr.A.aat of lda. 1337
Drilled by SVL (CME 73)
Logg.4 by L.N fr.cb

Saanlia &.c,rd

'. 'I
U

U

II i/Il

p-. -G
. a a..- .

: . : : :
:: : :: ;

Log: Monitor Well ISA

Date. of DrilI.ing/W.Lt Cospietion 1118185
El.,ation.: Laad Surfec. 570.62 Measuring L'oinc 570.24
Tot.j Dpch 15 ft.
Drilling. Spling Method. Uellov-sten Lunar: soLit-s000a

FILL; gravelly s*nd, clay.

SAnD; fin, to nediI grainud.
brown-gray, dry; littl, lilt and
ct.y trac. fin. gravel.

toterb.d.d.4 sand aM gravel with
ro,.nd.d rock frs.nts.

: ..:.._
SEA1.E; gray, veatberad

' contact; few li..tou.
End of boring; 15 ft.

E 23

oar upper
Layers.

Water at 9 ft.

'for 6 inches.

-11-
Grout Casing

Depth Sple how. par 3p1.
(ft) Type 6 inches 1.0.

+5-

0-

Sn ss ISAI
5-

Sn 7-10 1 52
10- (850875)

Sn 50* 1543
15-

20-

25-

30-

35-

40-

Crapbic
Log Gaologc D.criptin No tea

Well
Cosplation



Sa.eline Record
Graphic Well

log Geologic Deacripd.on Note. Cpletiofl
-

SCKD; fine to coarse grained.
orange-hron, eoiet; it ailt and
variable mount of fin, to coat..
gravel,
Increasing gravel in clayey .atri,t.

L13St0NE; gray, hard, dry.
Rod of boriag: 9 ft.

E-24

P
Gcouc1

Seal

uc,

Water at 9 feet.
5fOr 3/4 inch.

Depth
(ft)

Sple
type

SlayS per
6 uiche.

Sple
1.0.

+5-

0-

98 11-7 1551
5-

88 50* 1582
10- (850874)

15-

20-

25-

30-

35-

40-

UDIAN l,og: Monitor Well iSS
CORPORATION

Project C 11. AIR IRP Dat.e of Drilliug/Well Gospletion 1118/85
ocation South of Side. 1337 ElavationI: l,gud Surf ace 564.14 tea.urtag Point 568.09

Drillad by 8WL (CMZ 75) Total Depth 9 ft.
logg.d b L.N French Drilling. Spling Methodi Eollov-.C.* aua.r: eiit-sDooa

11*

1% #4'
FILL; tan, sandy clay, dry.

\\ I, ' S // I



SazDlinz RecOrd
Graphic Well

Log Geologic D.Icription Note. Cowpl.tion

FILL; aiphalt, concrete, lendy
grevul. dry.

SILT; dark brown, aoj.t; with
SAND; fiep to a.diu. greined;
ttac. fine gravel and clay.

SRAU; light gray, 4ry, with Mn
etreak. end alightly aottl.d.
End of boring: 12 ft.

E- 25

Herd drilling at 8
ft.

Depth
(ft)

5p1.
Typ.

Blow. per
6 inch..

8p1e
I.D.

+5-

0-

SR 2-2 1SC1
5-

SS 20-28 15C2
10-

15-

20-

25-

30-

35-

40-

RADIAN Log: Moeitor W.0 15_
CORPORATION

Proj.ct Cariwell Afl LRP Dat.. of Drjllin1/W.11 Cpl.tioe 1118185
Location South of Ride. 1331 Elewetjooa,: Lend Surfec. 564.11 Meacuring Point 567.87
Drilled by SWL (CMZ 75) Total Depth 12 ft.
iogg.d by L.N. Freach Drillieg. Splieg Method. Uol1ov-.te auzarl .olit-.000n



Graphic Well
Log Geologic Descriptioo Motel Coepletion

E-26

Sorehole -
filled in
with grout.

CLAY; ilt, black.

CLAY; aaudy, gray to black. Drager reaction.

SAND and GR.AVEL.

GPAVEL. Strong Drager
nec tion.
Water .aapla. Liae
eton. at 12.5 feet.

LIMESTONE.
End of boring: 13.5 ft.

Logged by .1.3. Cba,.an

Depth
(ft)

SaRDlinr Record
Sp1e
Ipe

Blow, per
6 incbss

Siapi.
LD.

.5-

0-

88 6-8 16A1
5-

8$ 8-13 16A2
10-

SW - 16A
- (850889)

15-

20-

25-

30-

35-

40-

BADIAN Log: Sorizig 16A

Project Crev.gll Afl UP D*te, of Drilling/Well Cpl.tion 1/19/85
Locatiog Near Abandoned Ga. Station Elevationa; Land Surface 568.44 Measuring Ponit 568.44
Dri.11.d by SWL (CMM 7) lotl Depth 13.5 feet

Drilling, Sspling MethodS EoLlov-,ta auaer; 101it-IDoon and bail.r



RADIAN
COaPOUTION

Project C U. ATh 13.2
Location 100 ft. W.it of Side. 131
Dtjll.d by SW!. (CM! 75)
Logged by 3.5. Chans..

Graphic Well
Log Geologic Description Notes Cavpl.tin

Log: Noring 163

Dates of Drilling/Well C0.pl.tion 1/19/85
Elevations: Land Surfac. 569.67 Measuring Point 5k9.o7
Total Depth 13 f,..t
Drilling. Sampling M.thods Ho11avet aurar: slit-seo and bail.er

CLAY; andy, brown; contains
asphalt near the surface.

SAND; fine-grainsd. gray; grades
dovm.ard into a GRAVF3. lens. and
then a GLAY containing amy peb-.
bl.. and sand.
GRAVE.; sandy.
End of boring: 13 feet.

E 27

Drager reaction.

Drager reaction.

Water sample. Lime-
atone at 13 feet.

Dorehole -
tilled in
vith grout.

-

-

Depth
(ft)

Samnli;e Record
Sample
type

Slave p.r 3a.pie
6 incha I.D.

+5-.

0-

SS 1-2 1651
5-

53 11-13 1632
10-

SW - 163
(850890)

15-

20-

25-

30-

35-

40-



CoLFoaATID1

CLAT; Silty. b1cIt.

SMD. btown to gray. coarsening
downeard.

End of boring: 8 felt.

E-2 8

Water eceple baa
fuel odor. tie.-
atone at 8 feet.

Project
Lctjon
Drill.d
LogZsd

Car,ve11 Ii?
100 ft. SW f Side 1337

by SW!. (cnz 75)
by J.5. Cggn

niina P.scard
Depth S.pjs hove per Spie
(ft) ?yp. 6 jacheC 1.0.

+5-

0-

SS 3-3 16C1
5-

SW - 16c
(650891)

10-

15-

20-

25-

30-

35-

40-

Log: Boring 16C

Dates of Drilling/Wall Completion 1/19/85
Slevationa: Land Surflce 565.35 M.asuring Point 565 35
Total Depth 8 feet
Drilling. Sa.pling $ethod lIoiLov-pts cuter: sg,Lit-s000a cd bajer

Gcaphic Wtll
Log Ceologic Description Notes Covpl.tion

Borehole --
filled in
with grout.



RADIAN
CORPORATION

Project Carevell AZB 137
Locgtion Wc.t of task 115ó
Drilled by SWL (cNN 15)

LOUId by .1.3. Chan.an

Gr*phic
Log

U

Log: Soriag 17A

Oat.. of Dr11ing/We1J. Cp1etion J122/85
E1eyatona Land Surface 580.13 MeaSuring Point 580.13

Total Depth 20 It.

Drilling, 8p1ing Method. So11ov-et inlit-snoon and bailer

Geologic De.criptiou

C2.3Y; black.

HARDPAN LAYER; po..ibiy ceeent.

CLAY; reddish brown.

SAND; I iu.-graiu.d, clayey and
.ilty; tan to pink.

SAND, fine-stained natrix vith
a.diva-gr.in.d .and suspended.

SAND; increasing clay with depth.

cLAY; tan to pink.
End of boring 20 feet.

E-2 9

at 9.5 ft.

Weight of heaer
pushed aspic.

Weight of b..r
pushed .aaple.
Water aaple.

well
Co.ph.tio

8orehole
Iii led

with
grout.

Depth
(It)

$anLins Record
S.pJ..
Tip.

5Lov. per
6 i6ch.l

3p1s
I.D.

.5-

0-

98 6-4 17A1

5-.

88 2-1 17A2
10- (850905)

89 8.. 173
13- DOteS (850906)

$8 See hA)
20- 3W note. I7A

(850908)

25-

30-

35..

40-



Graphic Well
Log Geologic Description Note. Cowpletioo

L.og Boring 178
C0&POBATION

Project Carevell. Al! tiP Dates of Drilling/Wel.1. CpIsti.on 1121185
Location North of POL tank farm(Co.PrkLot) Ele,atoai: Land Surfac. 578.48 Mea.ur.sng Point 578.4$
Drilled by SW). (CMZ 75) Total Depth 20 ft.
Logged by .1.8. Chaan Drilling, Sespling M.thoda tn11ow-,t cuter: a,1it-upoo ad bailer

ASPHALt; gray clay till.

CLAY; sandy; gray and bcovn.

CLAY; sandy; tan with a pink tint;
.oi.t.

cLAY; dark gray; increa.ng Sand
with depth; damp. Water at 16 feet.

E- 30

Borehole -
filled
with
grout.

Depth
(ft)

Samnlina Record
Sample
type

3lov. per
6 inches

SampIe
2.11.

*5.-

0-

SB 6-8 17*1
5-

SB 2-2 1782
10- (850889)

SB 4-5 1783
15-

SB 2-5 1784
20- (850890)

fiN 178
(850896)

25-

30-

35-

40-

SJD; gray; contajOC fraeota of
la.ston.; wet.
!nd of boring: 20 feet. Water sample.



Grapbic Well
Log Geologic Dsacription NotCa Completion

4

S 4000
::

0
o 0 0 * 0
00 00

GLAY; black to brown.

CLAY; gray; contaius minor h.11
fraeura.

CLAY; gray with li.,onita staining;
shells and pebble. jureaajug dovzw
ward; moist.

SAND; grey; contains decayed wood; Water at 12 test.
eat.

c&gva aud SAND.

End of boring: 20 feet.
Small .oLl eampla
cecovery (too wet).
Water sample had en
oil sheen.

Sorehole --
tilled
with
grout.

E 31

D.pth
(tt)

Sganl.na I.cord
SpLe
Typ.

3lovs per
6 inches

Sp1s
I.D.

.5-

0-.

SS 2-2 17C1
5-

SS 2-3 J.7C2
10- (850891)

55 5-8 17C3
15- (850891)

55 17C4
20- SW I7C

(850891)

25-

30-

35-

40-

aADUJ Log: 3orig 17C
COLPOLITIOmI

Project Criv.il Afl LIP D*t.s of DrillLag/W.Ll Ccapletion 1/21/8k
Location Jig of Tank ll7 ,aid. tank far, Nlsationae Lend Surfaca 3?4.21 K curing Point S74.21
Drilled by SW!. (GMZ 7) bounder, Local Depth 20 ft.
Loggsd by .J Chanan. Drilling, SpIi.ng Methods aoll.ov-pca auur: anlit-eDoon an bailer



Sadie Record
Depth 5aapi. Blows per Saple Gr*phic Well
(ft) Type 6 L.nch.a I.D. Log Geologic Description Note. Cpletion

Borehole -
filled
with
grout.

CLAY black/gray.

CLAY; gray, featureless.

CLAY; gray with lionite staining; Drager reaction.
contains minor shell fragments,
increasing in abundance downward.

Water at 13 feet.

GRAVE.; pea sire, fining downward.

Water easp1e. Line-
End of boring: 18 feet. stone at 18 feet.

E-32

*5-

0-

SB 2-3 1701
5-

SB 3-4 17D2
10-

58 7-13 1703
15- (850893)

8W - liD
(850898)

20-

25-

30-

35-

40-

RADIAZI Log: Boring liD
COIPORATION

Project Carewel]. £IB LP Dates of Drilliug/Well Cpl.tiou 1121185
Locition L.rm of tank 1157 Elevations: Land Surface 573.05 Me*suring Point 573.05
Drilled b SWL (CME 75) Totil. Depth 18 ft.
Logged b .1 8. Thar.rau Drilling, Sipling Nethods Rollow-steL curer: split.poon and bailer



Sae1ing, Record
Graphic Veil

Log Geologic D..cripcion Mate. CoeplicioD

-

CL; biackibrown.

SMID; .lcy, Can. lncre..ug clay
conteUC dovnvard.

a.AT; gray; concaina ainor nod and Dragar reaction.
ah.11 frageance.

SAMO; fine-vain.d; gray; .t. Water at 12.5 feet.
SA8D, Iis.-grain.d; brn; contain.
pebble..

GRAVE.; 3 in dieeter; contain.
liaston. traeuca. Water a.ple. Lia.-
End of boring: 20 feet. atone at 20 fCeC.

E- 33

Depth
(ft)

Spl.
ryp.

Slay. per
6 inchal

Beaple
LD.

+5-

0-

SS 2-3 17E1
5-

55 3-5 l7
10- (850900)

SB B-li 17Z3
15- (850901)

SB 50 for 3.5 17E4
20- SW 17E

(850903)

25-

30-

35,..

40-

RADU Log: Boring 17E
COLPOLATION

Project Cariv.0 Afl liP Datea of Dr.11ing/Weil Copl.cion 1122185
Location South of POL Tank Park by Culyert Elevation.: Land Surfac. S74 99 Megiuring Point 576.99
Drilled by SilL (cx! 75) Thtal D.pth 10 ft.
Logged by 1.3. Chanau Drilling. SaapliDg Method. Rollov-Ct .ueer ,lit-sDoon and bailer



RADIAN

CORPORAT ION

Project Cgr.veLl Afl IRP
Location J.tvaen 91 Track and R.da. 1172
Drilled by SWL (C)41 75)
Logged by J.1. Chaoan

Graphic Well
Log Geologic Daicription Motel Cpletion

'4
HIIIa. 0
0 00 0

000 0.000S

Log: Boring 17?

Date. of Drilling/Well Cp1etion 1122/85
Elevation.: Land Surface 512.81 Meaauring Poinc 572.87
total Depth 17.5 ft.
DrilLing Saapling Method. Rolloy-eten aua.r: sDLiC-600n and baiJer

CLAY; black.

cLAY; gray; contaiDi ninor pebble.
and ibell fragenti.

Mo staple recovery.

SAND; fine-grimed; brown; wet. Water at 12.5 feet.

G&AVV; .s pebblee up to 2.5 ca
in dia.tar. Water ceaple. Line-

atone at 17.5 feet.
End of boring: 17.5 feet.

E-34

Borehole --
filled
with
grout. -

-

D.pth
(ft)

Sa.lina Record
Sapl.

Type
BLwa p.r
6 inch..

3p1.
1.1).

+5-

0-

53 6-9 17F1
5-

SS 4-6
10-

55 10-16 l7F2
15- (850907)

l7N
(850909)

20-

25-

30-

35-

40-



Graphic Well
Log G.ologi.c D.acription Not.. Cplatiou

Borehole -
f l led
vith
grout. -

-

CLAY; black.

CUT; dark gray.

cLAY; dark gray; contain. a 1 cn
thick gravel band etained with a,
organic black to dark brown oily
material.

SAND; grivelly. .ncr..aing gra.el.
with depth.

GkAV.; p.bblaa over 2.5 cm in
dj..tsr.
End of boring: 17 feet.

E- 35

Drager reaction.

Watar at 12 feet.

Water i.ple. Liae
atone at 17 feec.

Depth
(ft)

SiD1i.nc Record
Sa.pLs
type

Blowi p.r
6 inch..

S.api.
Z.D.

*5-

0-

55 4-4 1701
5-

SB 3-5 1702
10- (850894)

SB 5-6 17G3
15- (850895)

8W 170
(850899)

20-

25-

30-

35-

40-

RAU)I Log: Boring 170
COgPOL&TXON

Project Car.v.11 AFI ZiP Detta of DriLlinIW.1.l Cpl.tion 1121185
Location lnajde Puojna Station E)..vatjon.: Land Sureice 573.20 M.a.uring Point 573.20
Otilled by SW. (C)(Z 75) totaL D.ptb 17 ft.
Loggad by 3.3. CbansaA Drilling, 5pling Methoda RolLov-.tem cuter. Lit-,000n and bailer



Graphic Well
Log Geologic D..cription Notes Cplerion

Borehole -
fil led
with
grour.

CL.IY; black/brown.

cLAY; sandy; ran.

CLAY; tan ro light gray with limo-
Bite .taifling contains minor
.hel Is.

SAND; silty; gray.
CLAY; 10 c thick Lana.
SAND; tan.

Water sample. Lime-
End of boring: 18.5 leer, aton, at 11.5 feet.

E-3 6

Water at 13 leer.

Depth
(ft)

Semolina Record
Sample
lpe

Blow. p.r
6 inches

Sample
1.0.

+5-

0-

SS 3-4 17111
5-

95 4-6 17112
10-

SS 5-6 17113

15- (850902)

8W 1711

(850904)

20-

25-

30-

35-

40-

RLDU1I Log: Boring 1711
CORPOPAtI0N

Project 1.1 /J3 1111 Dstes of Drilling/Well Copletion 1122/85
Location. of POt tank..by Kniehta Lake 94. Elevations: land Surface 573.66 Measuring Point 573.56
Drilled by 5111. (CME 75) total Depth l8. ft.
Logged by 1.8. Cha.a. Drilling, Sampling Methods Roliow-ecam cuter: .olit-soo and bailer



NAD13. Log: Monitor Well Pa1u.v #1
C0&I0I.ATION

Project Caraisell Afl 1&P Date. o Dri11in/We1.1. Cpletion 2/26/85 - 3/1/85
Location 100 yd.. vsat of BIde. 4127 E1evatio.: Land Surfece 625.59 )tea.uwing Point 628.29
Dril.1.d by ORII (Gardner Denver 1500) total Depth 109.4 f.et
Logged by LAN. FrenchiJ.8. Chan.gn Drilling. Sping Methada Ur/Mud Rotary: AirlMud Cuttine.

Sanlina Record
Depth SpL. Blcvs per SpLe Graphic Well
(ft) Type 6 incheS I.D. Log Geolagic Deacriptian Note. Cpletion

5-

10-

15-

20-

25-

30-

35-

40-

(Periodic grab .a.plea) CLAY; nadj to dark brown; low.
cut; few iwall gravel.

SAND; fine to nadiuw greined. trace Incres.e4 drilling
coars, sand, light brown to tan. epeed.

tacraaiag gravel wtth depth.

L1MESt0ffE nediun gray; fuuili-
ferou..

E 37

6-ia. pilot hole with
tricon. bit to 39 ft;
raaa.d to 14-in. In-
utah 10-in. ateel
casing and grout
annular apace.

Coodlaad/WalOut For-
nation.
Drilling with 6-ia.
tricone bit.

- I-



RADIAN
CORPOJATION

Proj.ct Cirivell AZS IN!
LOctj 100 verda West of Side. 'l27
Drilled by USM (Gardner Denver 1500)
Logged by L.L. Prsncb/J.S. Chanan

45-

50-

55-

60-

65-

70-

- SAND; white. ,nediu to fine. dry. Paloxy Formation.

7,-

so-

85-

90-

Log: Monitor Well Psluxv #1

Dat.s of Drilling/Well Copl.tion 2/25/85 - 3/1/85
Elevations: Land Sorface 625,59 Measuring Point 628.19
Total Depth 109.4 feet
Drilling. Sampling )f.thodj Air/Mud Rotary: Air/Mud Cuttinea

SHALE len..

SUAS.E; dark gray, carbonaceous.
a oft.

E-3 8

Increase in drilling
speed at 47 ft; as-
creas, in drilling
speed below 49 ft.
Water noted in dis-
charge to 60 ft;
groat bole and re-
drill. Subsequent
drilling under dry
condition, to Paluxy
Formation.

=
Water noted in dii-
charge.
Drilling switched to

SAkIDSrONE; layer. of cemented fine- mud rotary due to
gr*ined a*nd.tone composed of clean, borehole istabil-
white quartz alternate with softer, icy.
clsyey layer..

Lignite and pyrice in clsyey sand.

=

S
U

SaDltne Record
Depth Sple 3love per Spl. Graphic Well
(it) ryp. 6 inches 1.0. Log Geologic Description Note, Completion



RADIAN Log: Monitor Well Paluxv #1
C0RP0l4.T ION

Project Carevell All ISP Dites of Drilling/Well C0.pleUon 2/26/85 - 311/85
Location 100 ,da. Weet of Bids. 4121 Elevations: Land Surface 625.59 Measuring Point 628.19
Drilled by UNIt (Gardner Denver 1500) Tocil Depth lQ.4 feet
Logged by L.N. ?rencblj.l. Cban.an Drilling. SpLin$ )t.thoda AirINu4 Rotuy AilMud Cuttini.

SeDLLO* Record
Depth Sple Blovs P Spls Graphic Well
(fc) typ. 6 inches I.D. Log Geologit Description Notes Cplstion

95-

100-

105-

110-

115-

120-

125-

130 -

135

140 -

Increasing Clay content.

LAY; light gray, soft.

Total depth - 109.4 feet.

E-3 9



Saanline Record
Depth Sample Blow. per sample Griphic 'jell
(Et) Type 6 inch.. 1.0. Log Geologic Description Motes Cc.npletion

0- (Periodic grab samples)

5-

10-

15-

20-

25-

30-

35-

40-

CLAY; ted to brown; cOntanI
pebblea.

SAND; coerce sand and gravel nix;
grains betven 2 am and 1 cm di.am-
star. Individual grain. are flat-
tened and disc-shaped.

SAND; fin.-grain.d and silty
brawn; composed of quartz grains.
increasing gravel wIth depth.

CRAVa; fin, to coarse (some pieces
up to 2 cm in djamstsr); contains
pel.ecypod atiell franenta and
gastropod shlli.

SAND; as tbove.

SRALZ; mediu, gray; cohesive Goodland/Walnut
(weathered limestone). Formation.

L1MEST0N; light to mediom are?;
fosailiferou. (pelycypod shell
fragments).

Drilling with 6-in.
tricone bit.

E- 40

6-in, pilot hole with
tricons bit to 43 ft;
tead to 14-in. In-
stall 10-in. steel
casing and grout
annular .pace.

RADIAN Log: Hon.cor Well Paluxv
CORPORATION

Project Carsw.11 AIR IRI Datse of Drilling/Wail. Cpletion 3/2185 - 314/85
Locat.on lerveen Radar Station a Golf Coi.rae Elevations: Land Surface 615.79 Mea.uring Point 618.42
Drjll.d by VBX (Gatdo.r Dw,sr L5Q0 Totil. Depth 109.6 fett
Logged by J.1. Chan.an DTillin$. Sampling Methods Air/Mud Rater,: Air/Mud Cuttinma



Project Carevell AND Ii! Date, of Drilling/Well Co.pl.tion 3/2/85 3/4/85
Location 3.twa.n Radar Station 6 GoLf Cour, Elevation,: Land Surface 615.79 Measuring Point 618.42
Drilled by (iNN (Gardner Denver 1500) Total Depth 109.6 feet
Logged by .1.1. CbaD._an Drilling. Siapliug Method. Air/Mud Rotary. AirlMud Cuttina.

Sa.otinr Record
Depth 8p1. Nb,. per Sple
(fu) Iype 6 inch.. LD.

45-

a. LIMESTONE; light grey; cpo.ed
Increased shale content for 1 ft.
of 1 to 2 diseeter shell frag-
.enta.--
Setw..n 50 and 57 ft., eull ehel.
stringer. (1/2 to 1 ft. thick)
abund*nt.

---S
SHALE; dark gray. carbonaceona,
soft.

65-.

70-

75-

80-

85-

90-

Graphic
Log

Well
Geologic Description Notes Cpletion

Lignite piece. in .and.

Increase in shale content.

E-4 1

Increased drilling
speed between 46
and 47 ft.

Periodic increase,
and decrease, in
drilling .p.ed.

SAND; tan to gray; fine-grained, Paluxy Fornation.
well-,ort.d quartz.

Water noted in
discb.rge.

RADIAN Log: Monitor Well Paiuz. #2
CORPOPAT ION

50-

55-

60-



E-4 2

S4DliflR Record.
Graphic Well

Log Geologj.c Description Notes Cevpletion
Depth SenpI. 31ev. p.r Sanpi.
(ft) ryp. 6 inch.. 1.0.

95-

SANDSTONE; cemented, fi.grained,
clean, quartz sand. Soft white.
weathered Ihell fra.nti in the

100- saud.

Increasing clay content.

105- CLAY; aedi. gray; soft.

Tote), depth - 209.6 feec.
110-

115-

120-

125-.

130-

135-

140

RADIAN Log: Monitor Well Paluxy #2
CORPORATION

Proj.ct C&zu,efl JI ill Data. of Drillipg/W.11 Cptetio 3/2185 - 314/85
I.ocation Netva.. Radar Station & Golf Coors. Rle,ation.: Lead Surface 615.79 Muaoriug Point 618.42
DriLl..d by UNJI (Gardner D.nv.r 1500) Total Depth 109.6 fast
Logg.d by 1.8. Chatan Drilling, SpLiug Macdada Ajr/PhLd Rotary: Air/Mod Cuttia



[continuedi

TABLE F-i. SUMMARY OF SOIL AND WATER FIELD SAMPLES

SAMPLE
NUMBER

SAMPLE
TYPE SITE

WELL/
BORING

DEPTH
(FEET) DATE COMMENT

4E1 55 4 E 4-5 1-10-85

4E2 SS 4 E 9-10

4E3 SS 4 E 14-15

4E4 SS 4 E 19-20

GS-85-0800 SS 4 E 24-25 1-10-85

4E6 SS 4 29-30 1-10-85 4E6 Sample

GS-85-0801 SS 4 E 34-35 1-10-85 composited with

4D1 SS 4 D 4-5 0801 for chemi-

4D2 SS 4 D 9-10 cal analyaia.

4D3 SS 4 D 14-15

GS-85--0802 SS 4 D 19-20 1-10-85

4D5 SS 4 D 24-25

GS-85-0803 SS 4 D 29-30 1-10-85
4C1 SS 4 C 4-5 1-11-85

4C2 SS 4 C 9-10

4C3 SS 4 C 14-15

GS-85--0804 SS 4 C 19-20 1-11-85

4C5 SS 4 C 24-25

GS-85-0805 SS 4 C 29-30 1-11-85

4A1 SS 4 A 4-5 1-14-85

GS-85--0806 SS 4 A 14-15 1-14-85

43 SS 4 A 19-20 1-14-85

4B1 SS 4 B 4-5 1-14-85

4B2 SS 4 B 9-10 1-14-85

GS-85--0807 SS 4 B 14-15 1-14-85

G5-85--0808 SS 4 B 19-20 1-14-85

1OB1 SS 10 B 4-5 1-14-85

10B2 SS 10 B 9-10

GS-85--0809 SS 10 B 14-15 1-14-85

10B4 SS 10 B 19-20

lOBS SS 10 B 24-25



z

a
[pnupuo3] I-A 'IVL

[pnut 11103j

01-6 01
01

ss
ss

0l
l0l

c8-cl-1 9 V II VII 9E8o-c8-so

c8-cl-1 8 El VII cE8o-c8-so

c8-cl-1 9 A El YR E8o-c8-so

c8-cl-1 El YR EE80-c8-So

c8-cl-1 A El VII E8o-c8-so

c8-cl-1 0 A El VII lE8o-c8-so

c8-cl-1 o a El Vii 0E80-c8-so

c8-cl-1 8 a El VII 680-c8-so
c8-cl-1 9 a El VII 880-c8-so
c8-cl-1 a El VII

c8-cl-1 a El VII 9go-c8-so
c8-cl-1 0 a El VII

c8-cl-1 V II VH

c-cl-1 V II VII E8o-c8-so
c8-cl-1 0 V II VII

111uTp8 WO0 c8-cl-1 0 I El SO l8o-c8-so
uUp8 tuofloq c-ci-i 0 H El SO o8o-c8-so

111wtps w0110 c8-cl-1 0 0 El SO 6l80-c8-So

9 El VII 8l8o-c8-So

c8-l-1 El VII Ll8o-c8-So
El VII 918o-c8-S9

c8-11-1 0 El VII cl8o-c8-So

c8-11-1 q El VII l8o-c8-So

c8-11-1 q El VII El8o-c8-s9

0 q El VII l8o-c8-So

c8-1l-1 0 V El VII ll8o-c8-So

cE-,E q 01 SS L0l
c8-,l-1 0E-6 q 01 SS olso-c8-So

aLVa oRulog JLL iawnu
/TIaM



[continued]

TABLE F-i [continuedi

SAMPLE
NUMBER

SAHPLE
TYPE SITE

VELL/ DEPTH
BORING (FEET) DATE COMMENT

iOC3 SS i0 C 14-15

i0C4 SS iO C 19-20

GS-85--0837 SS i0 C 29-30 1-15-85

GS-85-0838 Ss 5 B 4-5 1-15-85

5B2 SS 5 B 9-10 1-15-85

5Ci SS 5 C 4-5 1-15-85

5C2 SS 5 C 9-10 1-15-85

GS-85-0839 SS 5 C 14-15 1-15-85

Gs-85-0840 ss 5 C 19-20 1-1 5-85

GS-85-084i SS ii A 9-10 1-15-85

GS-85-0842 sS io C 24-25 1-15-85

GS-85-0843 HA i3 A 0 1-16-85

GS-85-0844 HA i3 B 0 i-i6-85

GS-85--0845 HA i3 B 2 i-i6-85

GS-85-0846 HA i3 2 1-15-85

GS-85-0847 HA i3 B 4 i-i6-85

GS-85-0848 BA i3 C 0 i-i6-85

GS-85-0849 HA i3 C 2 i-i6-85

GS-85-0850 HA i3 C 4 i-i6-85

GS-85-085i HA i3 D 0 i-i6-85

GS-85-0852 HA i3 D 2 i-i6-85

GS-85-0853 HA i3 D 4 1-16-85

GS-85-0854 HA i3 D 6 i-i6-85

GS-85-0855 HA i3 D 8 i-i6-85

GS-85-0856 HA i3 E 0 1-16-85

GS-85-0857 HA 13 D 2 i-i6-85

GS-85-0858 1A i3 D 4 i-i6-85

5Ai SS 5 A 4-5 i-i6-85

5A2 SS 5 A 9-10

5A3 SS 5 A 14-15

5A4 SS 5 A 19-20



TABLE F-i [continued]

[continued]

a

z

SAMPLE
NUMBER

SAMPLE
TYPE S ITE

WELL!
BORING

DEPTH
(FEET) DATE COMMENT

GS-85--0858 SS 5 A 24-25 1-16-85
GS-85-0859 SS 5 A 29-30 1-16-85
IOAI SS 10 A 4-5
iOA2 SS 10 A 9-10
10L3 SS 10 A 14-15
10A4 SS 10 A 19-20
10A5 SS 10 A 24-25
GS-85-0860 Ss 10 A 29-30 1-16-85
10A7 SS 10 A 34-35
10A8 SS 10 A 39-40
11B1 SS 11 B 4-5
GS-85-0861 SS 11 B 9-10 1-16-85
11B3 SS 11 B 14-15
GS-85-0862 HA 13 F 0 1-17-85
GS-85-0863 HA 13 F 2 1-17-85
GS-85-0864 SW 4 1-17-85 Striii So. of lndf 1
GS-85-0365 SW 5 1-17-85 Strm no. of SB
GS-85-0866 SW 12 1-17-85 Drnge no. of Site
GS-85-0867 SW 16 1-17-85 Oil/wtr separator
GS-85-0868 SW 16 1-17-85 Stream at bridge
12A1 SS 12 A 4-5
12A2 SS 12 A 9-10
12A3 SS 12 A 14-15
GS-85-0869 SS 12 A 19-20 1-17-85
12B1 SS 12 A 4-5
GS-85-0870 SS 12 B 9-10 1-17-85
GS-85-0871 SS 12 B 14-15 1-17-85
12B4 SS 12 B 19-20
12B5 SS 12 B 24-25
12B6 SS 12 B 29-30
12B7 SS 12 B 34-35



TABLE F-i [continuedi

SAMPLE SAMPLE WELL! DEPTH

NUMBER TYPE SITE BORING (FEET) DATE COMMENT

[continuedi

GS-85-0872 88 12 B 34-35 1-17-85

12C1 SS 12 C 4-5 1-17-85

12C2 SS 12 C 9-10

12C3 SS 12 C 14-15

12C4 SS 12 C 19-20

GS-85-0873 SS 12 C 24-25 1-17-85

12C6 SS 12 C 29-30

12C7 SS 12 C 34-35

15B1 SS 15 B 4-5 1-18-85

GS-85-0874 SS 15 B 9-10 1-18-85

15C1 SS 15 C 4-5 1-18-85

15C2 SS 15 C 9-10 1-18-85

15A1 SS 15 A 4-5

GS-85--0875 SS 15 A 9-10 1-18-85

15A3 SS 15 A 14-15 .1-18-85

1D1 SS 1 D 4-5

GS-85--0877 SS 1 D 9-10 1-18-85

1D3 SS 1 D 14-15

GS-85-0877 SS 1 D 19-20 1-18-85

GS-85-0877 SS 1 D 19-20 1-18-85 Auger cuttings

GS-85--0878 SS 1 D 20 1-18-85

GS-85-0879 HA 12 F 0 1-18-85

GS-85-0880 HA 12 F 2 1-18-85

GS-85-0881 HA 12 F 4 1-18-85

GS-85-0882 HA 12 F 6 1-18-85

GS-85-0883 HA 12 F 8 1-18-85

id SS 1 C 4-5 1-19-85
1C2 SS 1 C 9-10 1-19-85

GS-85--0884 SS 1 C 14-15 1-19-85

1C4 SS 1 C 19-20 1-19-85

GS-85-0885 SS 1 C 24-25 1-18-85



(continued]

TABLE F-i [continued]

SA}IPLE

NUMBER
SA}IPLE

TYPE SITE
WELL! DEPTH
BORING (FEET)

COMMBNT
DATE

106 SS 1 C 29-30

id SS 1 C 34-35
1B1 SS 1 B 4-5 1-19-85

GS-85-0886 SS 1 B 9-10 1-19-85
1B3 SS 1 B 14-15 1-19-85

GS-85-0887 SS 1 B 19-20 1-19-85
GS-85-0888 SS 1 A 4-5 1-19-85
16A1 SS 16 A 4-5
16A2 SS 16 A 9-10

16A3 SS 16 A 14-15
16B1 SS 16 B 4-5

16B2 SS 16 B 9-10

16A3 SS 16 A 14-15
"1 16B1 88 16 B 4-5
cz 16B2 SS 16 B 9-10

16B3 SS 16 B 14-15
16C1 SS 16 C 4-5
16C2 SS 16 C 9-10
GN-85-0889 BW 16 A 1-19-85
17B1 SS 17 B 4-5 1-21-85
GN-85-0890 BW 16 B 9-10 1-21-85
GS-85-0890 SS 17 B 19-20 1-21-85
GN-85-0891 BW 16 C 1-19-85
17C1 SS 17 C 4-5 1-21-85
GS-85-0891 SS 17 C 9-10 1-21-85
GS-85-0892 SS 17 C 14-15 1-21-85
17C4 SS 17 C 19-20
17D1 SS 17 D 4-5
17D2 SS 17 D 9-10
GS-85-0893 SS 17 D 14-15 1-21-85
hG! SS 17 G 4-5



a

(pnuuo]

[pmuT1uo3J i-if aiava

OCL 89 c8-90-1 a c Li60-ca-N
0? 0i9 89 c8-90-1 01 M8 9160-ca-R9
61 089 L9 c8-9O- 8 01 M8 ci6O-ca-N9
01 0si9 0L ca-co-i a si160-c8-N
61 089 0L c-co- U si Ma cri60-ca-N
81 0si8 89 cB-cO-z si M8 i6o-ca-N

ooc 1L c8-cO-1 a Ma 1160-ca-N9
ci ooc PL c8-co-z V si Ma 0i6o-ca-N)

ca-tt-i Li M8 6060-ca-No
c8-ll-i v Li M8 8o6o-c8--N1

ci-sii Li SB L06o-ca--so
c_si Li SB ULI

0l-6i V Li SB siYLi

v Li SB 9060-c8-s
cB-ll-i 01-6 V LI 55 co6o-ca-s
ca-u-i c-si v Li 55 iVLi

II Li M8 si060-c8-W
a LI M8 06o-ca-R
II Li SB i060-8-S

01-6 H Li 55 iIlLi

c-si ii Li SB ifiLi

01-61 a Li 55 siaLl

cl-sit a Li 55 I060-ca-s
ca-ui-i 01-6 a LI SB

c-si a Li SB iSLi
ca-il-i Li M8 66ao-ca-N
ca-ti-i a Li M8 a6a0-ca-N
ca-u-i Li M8 L6a0-c8-N
ca-u-i a Li M8 9680-cS-59
ca-ti-i Li SB c680-ca-B
ca-u-i ci-sit Li 55 si680-c8-B

awai fiNOD Ha ava (z.aag) R'1oa axis aa !aawrn4

-I 1NaWHO iu.aaa a'iasvs



TABLR 1?_1 Icontinuedi

2

[continued]

SAMPLE
NUMBER

SAMPLE
TYPE SITE

WELL/ DEPTH
BORING (FEET) DATE

COMMENT
PU COND TEMP

GN-85-0918 BW 1 A 2-06-85 7.1 660 14
GN-85-0919 BW 10 A 2-06-85 7.0 670 20
GN-85-0920 BW 5 A 2-06-85 7.1 650 20
GN-85-0921 BW 5 C 2-06-85 6.9 680 19
GN-85-0922 11 B 2-06-85 6.8 1000 16
GN-85-0923 BW 11 A 2-07-85 6.7 680 17
GN-85-0924 BW 12 A 2-07-85 7.0 420 19
GN-85-0925 BW 12 B 2-07-85 6.9 610 20
GN-85-0926 BW 12 C 2-07-85 7.4 620 20

GN-85-0927 BW 15 A 2-07-85 7.1 680 17.5
GN-85-0928 BW 1 D 2-07-85 7.2 820 19
GN-85-0929 BW 1 B 2-08-85 (no 8ample)
GN-85-0930 BW I C 2-08-85 6.8 880 22
GN-85-0931 BW 15 B 2-08-85 7.0 640 14
G}T-85-0932 15 C 2-0 8-85 6.9 610 14
GP-85-0933 W WSA Potable Well 2-1 9-85 6.8 460 17

GS-85-0934 HA WSA A 2-19-85
GS-85-0935 HA WSA A 3.25 2-i 9-85

GS-85-0936 BA WSA B 1.5 2-19-85
GS-85-0937 HA WSA B 5 2-19-85
GS-85-0938 BA WSA C 1.5 2-1 9-85

GS-85-0939 HA WSA C 2.5 2-1 9-85
GN-85-0940 SW 5 Stream north of Bite 2-1 9-85 6.5 690 15

GH-85-0941 SW 4 Stream south of site 2-19-85 6.0 490 16
GS-85-0942 HA 16 F 1 2-21-85
GS-85-0943 HA 16 F 9 2-21-85
GN-85-0944 SW 12 Drainage north of Bite 2-28-85 440 8

GN-85-0945 SW 16 2-28-85 Stream at bridge
GS-85-0946 SW 16 2-28-85 Oil/water Bep.
GS-85-0947 HA 16 E 2 2-28-85
GS-85-0948 HA 16 E 8 2-28-85



L

TABLE F-i [continued]

[continued]

SAMPLE
N1IfBER

SAMPLE
TYPE SITE

WELL/ DEPTH
BORING (FEET) DATE PR

COMMENT
TEMPCOND

CS-85-0949
CS-85--0950

CS
CS

16

16
2-28-85 Sediment near sep.
2-28-85 Sediment near brdg

CN-85-0951 BW 4 A * 3-04-85 490 18
CN-85-0952 BW 4 A (QA) 3-04-85
CN-85--0953 BW 4 B * 3-04-85 480 12
GN-85-0954 4 B (QA) 3-04-85
CN-85-0955 BW 4 C * 3-05-85 17
CN-85--0 956 BW 4 C (QA) 3-05-85
CN-85-0957 BW 4 D * 3-05-85 17
CN-85-0958 BW 4 D (QA) 3-05-85
CN-85-0959 BW 4 E 3-05-85 19
CN-85--0 960 BW 4 E (QA) 3-05-85
GN-85-0961 BW 10 B 3-05-85 19
CN-85--0 962 BW 10 B (QA) 3-05-85
CN-85--0963 BW 10 C 3-05-85 19
CN-85-0964 BW 10 C (QA) 3-05-85
CN-85--0965 BW S B 3-05-85 15
CN-85--0 966 BW S B (QA) 3-05-85
CN-85--0967 BW 1 C 3-05-85 22
GN-85-D 968 BW 1 C (QA) 3-05-85
CN-85--0969 BW 1 A 3-05-85 15
CN-85--0970 BW 1 A (QA) 3-05-85
CN-85--0971 BW 1 D 3-05-85 20
CN-85--0972 BW 1 D (QA) 3-05-85
CN-85--0973 BW 15 C 3-06-85 15
CN-85-0974 BW 15 B 3-05-85 16
CN-85--0975 BW 15 A 3-06-85 17
CN-8S--0976 BW 11 A 3-06-85 16
CN-85--0976 BW 1 B 3-08-85
CN-85--0977 BW 11 A (QA) 3-06-85
CN-85--0978 BW 11 B 3-06-85 16



Notes: ha hand-augered 80i1 sample
ss split-spoon soil sample

grab sample of sediment
SW = surface-water sample
by bailed ground-water sample
v pumped ground-water sample

TABLE F-i (continuedi

*
Previous QA/QC samples were assigned OEHL numbers identical to the original sample.

**
Mistakenly given a previously asaigned iumber. The samples must be differentiated by the date of

collection.

I 3

I

2
SAMPLE
NUMBER

SAMPLE
TYPE SITE

WELL/
BORING

DEPTH
(YET) DATE PH

COMMENT
COND TEMP

GN-85-0979 11 B (QA) 306-85
GN-85-0980 EM 5 C 3-06-85 18

GN-85-0981 BW 5 C (QA) 3-06-85

GN-85--0982 BW 5 A 3-06-85 19

GN-85-0 983 BW 5 A (qA) 3-06-85

GN-85-0984 BW 10 A 3-07-85 20

CN-85-0985 BW 10 A (QA) 3-07-85

GN-85-0 986 BW 12 C 3-07-85 18

GN-85-0987 12 C (QA) 3-07-85

GN-85-0988 BW 12 B 3-07-85

GN-85-0989 BW 12 B (QA) 3-07-85 18

GN-85-0990 BW 12 A 3-07-85

G-85-0992 W P1 3-07-85 20

GN-85-0993 W P2 3-07-85 21

GN-85-0977 W P1 3-26-85

GN-85-0978 W P2 3-26-85



Fr.d A. Barn.tt. R.S.

David A. Watson, R.S., LS.L$.

Don M. Wood. R.S.

David A. Whit., R.S.

TABLE LISTING SHOWING ELEVATION
of

MONITOR WELL INSTALLATIONS
and

SOIL BORINGS
located at

CARSWELL AIR FORCE BASE
Fort Worth, Texas

B.M. Finished Floor Building No. 1215 (Eng. Bldg.) - Elev. 576.00
(Carswelj. Base Datum)

T.B.M. Finished Floor Building No. 4127 (Storage) - Elev. 625.96
(Carswell Base Datum)

WELL PESCPhITIO E.IEV4TION

1-A Existing Well Pipe 570.42
1-B Meter Box (Flush Well) 560.24
1-C Meter Box (Flush Well) 560.03
l-D Existing Well Pipe 564.06

15-A Meter Box (Flush Well) 570.24
15-B Existing Well Pipe 568.09
15-C Existing Well Pipe 567.87

16-A Core Hole (Control Point) 568.44
16-B Core Hole (Control Point) 569.67
16-C Core Hole (Control Point) 565.35

17-A Core Hole (Control Point)
17-B Core Hole (Control Point)
17-C Core Hole (Control Point)
17-D Core Hole (Control Point)
17-E Core Hole (Control Point)
17-F Core Hole (Control Point)
17-C Core Hole (Control Point)
17-H Core Hole (Control Point)

F-15

3208 SOUTH MAIN STREET, FORT WORTH, TEXAS 76 I 10 AREA CODE 817 PHONE 926.7876

.Iom.i W. Bartl.fl, R.S.

lock 0. Ashworth, Jr., R.S.

Louis M. Hawkins, R.S., L.S.L.S. ConsuItOnt

March 11, 1985

Re: P.O. - H28994
(Radian Corporation)

580.13
578.48
574.27
573.05
574.99
572.87
573.20
573.66

SEMPCOP INC. SURVEYING - MAPPING - PLANNING - CONSULTANTS



Table Listing Showing Elevation
March 11, 1985
Page 2 of 2

WELL DESCRIPTION EEVTI9N

5-A Existing Well Pipe 623.22
5-B Existing Well Pipe 600.48
5-C Existing Well Pipe 608.73

11-A Existing Well Pipe 608.25
11-B Existing Well Pipe 608.11

10-A Existing Well Pipe 626.68
10-B Existing Well Pipe 624.42

10-C Existing Well Pipe 617.21

12-A Existing Well Pipe 635.66
12-B Existing Well Pipe 627.59
12-C Existing Well Pipe 628.07

4-A Existing Well Pipe 625.84
4-B Existing Well Pipe 620.02

4-C Existing Well Pipe 613.12

4-fl Existing Well Pipe 615.40
4-E Existing Well Pipe 618.55

P-1 Existing Well Pipe 628.19

P-2 Existing Well Pipe 618.42

NOTES:

All well pipe elevations taken on top of metal pipe, below cap.

All meter box (flush well) elevations taken on edge of box (painted).

All core hole (control point) elevations are natural ground.
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pump off @70 miii.

F-i 7

Time, mm

T&BLE F-3. PUMP TEST DATh

Water Level Below
Measuring Pt.

- P1

Flow
Q.GPM

Drawdown
S

0 82.54 0 -

1.5 85.46 5 2.92

3 85.85 3.31

5 86.19 3.65
7 86.38 3.84
9 86.47 5 3.93

11 86.54 4.0

13 86.63 4.09
15 86.69 4.15
20 86.79 4.25

25 86.89 4.35

30 87.01 4.47

35 87.08 4.54
40 87.13 4.59
45 87.19 4.65
50 87.20 4.66

55 87.25 4.71
65 87.31 5 4.77
70 87.34 4.80
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*
ratio of time since pumping began

time since pumping stopped

F-18

TABLE F-4. RECOVERY TEST DATA - P1

Water Level Below Residual Drawdown
Time mm Measuring Pt. S'

*
t/t'

0 87.34 4.80
.25 86.21 - 3.68 281
.67 85.25 2.70 105

84.85 2.31 71

1.5 84.42 1.87 48
2 84.21 1.67 36

3 83.98 1.43 24
4 83.81 1.27 18.5

5 83.69 1.16 15

6 83.63 1.08 12.7

7 83.57 1.02 11

8 83.54 0.99 9.75

10 83.47 0.92 8

13 83.41 0.86 6.38

18 83.29 0.74 4.89
24 83.23 0.68 3.92
31 83.14 0.59 3.26

41 83.08 0.53 2.71

55 83.0 0.45 2.27

90 82.85 0.31 1.78
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F- 19

TABLE F-5 PUMP TEST DAtL - P2

Water Level Below Flow Drawdown

Time. mm Measuring Pt, 0. GPM S

o 75.69
.5 77.10 5 gpm 1.41

1 77.94 2.25

2 78.33 2.64

3 78.56 2.87

4 78.67 2.98

5 78.76 3.07

7 79.0 3.31

9 79.10 3.41

11 79.12 3.43

13 79.18 3.49

15 79.23 3.54

20 79.31 3.62

26.5 79.45 3.76

30 79.46 3.77

35 79.51 3.82

40 79.55 3.86

50 79.63 3.94

60 79.66 3.97

70 79.71 4.02

80 79.74 4.05

85 pump off 79.74 4.05



RADIAN

*ratio of time since pumin began
time since pumping stopped

F- 20

Time. mm

TABLE F-6. RECOVR7 TEST I)ATA - P2

Water Level Below Residual Drawdown *
Measuring Pt. t/t'

0 79.74 4.05 -
.25 78.90 3.21 341

.67 78.17 2.48 128

1.17 77.67 1.98 74

1.75 77.25 1.56 50

2.5 76.93 1.24 35

3.5 76.72 1.03 25

5 76.56 0.87 18

7 76.41 0.72 13.14

9 76.31 0.62 10.44

11 76.29 0.60 8.73

15 76.19 0.50 6.67

20 76.10 0.32 3.83

30 76.01 0.32 3.83

40 75.98 0.29 3.13

50 75.91 0.22 2.70

60 75.90 0.21 2.42
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CARSW1L AIB P PBASE II STAGE 1
F ]IZLD INVEST ]IGAT ION SAZ4PL INC

QUALITY CONTROL PLAN

Prepared by:

Radian Corporation
8501 MoPac 1vd.

Austin, Texas 78766

G-3



RADIAN

APPENDIX G

1.0 INTRODUCTION

Field investigations conducted at Carawell AFB will generate a large

number of soil, sediment, and water samples for chnical analysis. The analy-

tical results are an important 8OurCe of iufozauation used to determine the

impact of a disposal or spill site upon the local hydrogeologic system(s).

Since the analyses form a foundation of interpretation, it is important that

the samples analyzed be representative of the material.

The purpose of quality control (QC) plan is to provide guidance

through which field samples can be obtained, preserved, and controlled. The

QC plan helpB ensure that the integrity of the sample is maintained. The QC

plan for the Carswell AIB IRP Phase II Stage 1. investigation describes the

general collection of soil, waste and water samples. In addition, methods of

preservation, shipping and administrative controls are discussed.

G- 5
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2.0 QUALITY CONTROL PROCEDURES FOR SAMPLING

Based upon the sampling scheme as outlined in the Carswell IRP De8-

cription of Work, nearly 200 samples will be collected for chemical analysis.

Other 8amples will be retained for possible future analytical work. The

samples will be collected at the following sites:

o Landfills 1, 4, 5;

o Unnamed Strean;

o Fire Protection Training Areas No. 1 and 2;

o Entomology Dry Well;

o Flightline Drainage Ditch;

o POL Tank Farm;

o Waste Burial Area; and

o WSA Inspection Shop Site.

Field procedures and QC procedures using in the collection and analysis of the

801.1 and water samples are summarized in the following paragraphs.

Collection of Soil Samples

Procedures to be used in the collection of soil sample8 are summar-

ized in Table 2-1. QC procedures for soil and water sampling will be an

integral part of the 8ampling methodology. These procedures will focus upon

ensuring the collection of repre8entative samples which are free from external

contamination. Documentation and chain-of--cu8tody procedures will also be an

important part of the sample collection QC effort, which will include the

following procedures:

o Splitspoon and hand auger sampling will be used to obtain

representative samples from depth specific points, as op-

posed to sample cuttings which may originate at different

points in a borehole
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Purgeable Halocarbons
and Aromatics

Pesticides

A].]. other parameters

TABLE 2-1 PROCEDURES FOR SOIL SA}IPLE COLLECTION

Prepare a homogeneous soil mixture
40 ml VOA vials. (1 vial for RAS,
Keep samples chilled to 4CC.

Prepare a homogeneous soil mixture
40 ml. VOA vials. (1 vial for RAS,
Keep samples chilled to 4CC.

Prepare a homogeneous soil mixture and fill 2 each
1quart glass jar (1 jar for RAS 1 for OEL )
Note: One jar provides RAS with sufficient soil
to pexfoim any or all requested analyes. Keep
samples chilled to 4C.

G 7

and fill 2 each
1 vial for OERL.)

and fill 2 each
1 vial for OEIIL.)

Analysis Required Field Procedure
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o During the drilling, the Supervising Geologist vill des-

cribe the cuttings coming to the surface on the auger

flights. This will serve as a general log to be confirmed

by description of split-spoon 8amples.

o The split-spoon or hand auger sampler will be cleaned be-

tween each sampling to prevent cross-contamination of the

samples.

0 All soil and water samplea for chemical analysis will be

collected in duplicate (i.e., split samples). These

samples will be split with OEHL.

0 Also, soil and water samples will be analyzed in duplicate

at a frequency of lOX for analytical quality control.

Duplicate5 will be carried through the entire analytical

scheme independentJy, including the extraction and diges-

tion step9 as applicable.

o After sample collection, each 8ample will be logged into a

master sample logbook (bound, paginated, laboratory note-

book) which as a tainimum indicates the date and time of

sample collection, sample type, and initials of the person

who collected the sample.

o Soil 8amples will be frozen until analysis.

o Chain-of-custody forms (Figure 2-1) will be used to docu-

ient all Radian and USAF transfers of sample posseBsion

from initial preparation of the sample container to final

disposition of the sample.

o Additional information is required for samples shipped to

OEHL. Table 2-2 shows a list of information, most of

w1ich will be provided on the 8a.inple container label.

G-8



Collector's Name DatelTlme Sampled
Amount of Sample Collected
Sample Description
Store at: Ambient 5°C - 10°C E Other

O CautIon No more sample available 0 Return unused portion of sample 0 Discard unused portions

Other InstructIons Special Handling - Hazards

0 Hazardous sample (see below) 0 Non-hazardous sample

0 Toxic 0 Skin irritant 0 Flammable (FP< 40°C)
0 Pyrophoric 0 L.achrymator 0 Shock sensitive
0 Acidic 0 Biological 0 Carcinogenic suspect
0 Caustic 0 Peroxide 0 Radioactive
0 Other

Sample Allocation lChain of Possession:
Organization Name
Received By Date Received Time
Transported By Lab Sample No
Comments
Inclusive Dates of Possession

Organization Name
Received By Date Received Time

Transported By Lab Sample No.

Comments
Inclusive Dates of Possession

Organization Name
Received By Date Received Time

Transported By Lab Sample No.
Comments
Inclusive Dates of Possession

Figure 2-1. Chain-Of-Custody.

C- 9

!IAN CHAIN OF CUSTODY RECORD

Fleld Sample No

Company Sampledi Address
Sample Point Description

Stream Characteristics:
Temperature Flow pH

Visual Observations I Comments
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TABLE 2-2. INFORNATION TO ACCOMPANY SAMPLES FORWARDED TO OIL

Installation name (base)

Purpose of 8aIIiple (analyte)

Sample number (on containers)

Source/Location of sample

Contract Task Number and Title of Project

Method of collection (i.e., bailer, suction pump, air-lift p*mip, split
Spoon, etc.)

Volumes removed before sampling

Special conditiona (use of surrogate standard, 8pecial nonstandard
preservations, etc.)

Air Force Form 2752 (see Attachment) also needs to accompany the
samples. InatructLon8 for filling out AF Form 2752 are provided.

Collection of Water SamDles

Field sampling procedurea for ground water and surface water are
sunarized in Table 2-3. QC efforts as8ociated with ground-water 8amplirlg are
primarily procedural activities. These procedures focus upon ensuring that
the samples are representative of ground water and as free as possible from
external and/or cross-contamination. The QC steps for ground-water sampling
include the following:

o Ground-water levels will be measured and recorded before
sampling work begins.

o All wells will be developed by pumping or bailing in order
to riove all fine sediment within the well.

G-1O
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o All umpling equipment will be thoroughly cleaned before

the start of work and between wells.

o Upgradient wells will be sampled first in order to further

mini.inize possible transfer of contninants, if present,

among the well8.

o All wells will be purged with a PVC or Teflon bailer or a

suInersible bladder pump prior to sampling. Purging will

continue until the pU and specific conductance of the

water stabilizes or until at least three well volumes of

water have been rnoved.

o Following purging, wells will be allowed to recover prior

to sampling.

o Samples will be transferred to containers with a minimum

of agitation and disturbance.

o A sufficient volume of ground water will be collected so

that 8amples can be split with OEHL and a replicate of

each retained for Radian Analytical Services.

o All samples will be refrigerated (i.e. iced) during trans-

portation and storage.

o Blind duplicate samples will be prepared and submitted for

analy8is at a frequency of 20Z to provide a measure of

sampling and analytical variability (precision).

G-12
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In addition to these procediire, chain of custody documentation

(Figure 2-1) will accompany all samples. The chain of custody records will

contains at a minimum, the following information:

o Time, date, and location of sampling, and nae of person

performing sampling;

o Number, depth, and type of sample;

o Conditions encountered during well evacuation and water

8anlpLe collection;

o The signature of the responsible on-site hydrogeologist

and the time and date he relinquished the samples to

either the field laboratory technician or the transporter

who will deliver samples o the analytical laboratory.

G-13
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3.0 QUALITY CONTROL pgOCEDURES FOR ANALYSES

In addition to the anpling QC procedures deecribed in Section 2.0,

specific QC procedures and criteria will be associated with the various analy-

see. These QC procedures are project-specific and comp1nent the ongoing QC

program conducted routinely in the laboratory.

3.1 Analysis of Metals

Reavy metals will be determined after acid extraction in accordance

with EPA tiiethods. Determination for these metals will involve both inductive-

ly coupled plasma ission spectrometry (ICPES) and atomic absorption spec-

troscopy (AAS). The metals to be analyzed, the analytical method for each

metal, and EPA method references are presented in Table 3-1. Calibration and

QC procedures for metals analyses are discussed below. These procedures are

based upon EPA recommended procedures for the 200 Seriee Nethods.

Calibration curve will be generated daily for each metal species

using a reagent blank and a mininlum of three upscale concentrations. A cali-

bration curve will be considered acceptable if the correlation coefficient is

0.995. A new calibration curve will be generated after analysis of no more

than 20 samples. The new curve will be acceptable if it meets the linearity

criterion above, if the slope agrees with that of the previous curve

within +10%.

3.2 Analy8is of Pureable Organica

Purgeable organics in water will be determined by EPA Methods 601

and 602 (Methods 8010 and 8020 for soil). Detection limits and holding times

are provided in Table 3-1. QC procedures for these methods involve quadru-

plicate analyses of reagent water spiked with a 'quality control check sample

concentrat& and a "surrogate standard". Average percent recoveries and

standard deviations are then calculated for each compound and compared to EPA

values to determine acceptability. These data should be available for

inspection, but the acceptability test need not be repeated specifically for

this project.
G-14
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TABLE 3-1. ANALYTICAL METHODS AND DETECTION LIMITS

G- 15

(Conti n.d)

lid.uI 600 7 d.y
Llnd.n. 0.1 /L 0.1 /L (.t.otlon)
E,,drn 0.1 /L 0.1 /L 40 d.yu
HsthozyhLr 1.0 /L 1.0 /L (anLylJ
bo.ph.n. 1 .0 /L 1 .a /L
Chtord.n. 1 .0 /L 1 .0 /L

Hnbi4d.nI St.nd.rd N.thod O9B
2,4-0 5.0 /L 0.2 /L
2.4,5-IP ISIL.x) 5.0 /L 0.2 gfL
2.4.5-1 5.0 /L 0.2 ug/L

P.rUIr Vmthd
L1.ft'

(W.s,J
0,tsctlo.. Ll.t

(SIL1 HoLding T.s

410.1/410.2 1.0 aJL NA 21 dsys
OIL d Gre... 413.2 1.0 .g/I. 10.0 0/9 20 dy
P.unotu 4.2 0.005 /L 0.1 gfg 29 dy.
bC 415.1 1.0 /L NA 28 d.y.
mx a020 0.01 .Q/L NA 14 d.y.

Pl.ry K...y VtL.
Arnc 200.7 0.060 .g/L 3.0 /g 6 onth.
B.,1.. 200.7 NO IC S onth.

200.7 a.002 ./L 0.40 /g 6 onth.
Qra.. 200.7 0.005 ./L NO 24 hoar.
L.ad 200.7 0.080 .g/L 4.0 /g 6 MOnth.
Hsrory 24.51 0.0002 ./L 0. gfg 20 dy.

200.7 0.0W .g/L 4. /9 6 Onth.
S1L.r 200.7 0.002 .Q/L 0.020 gfg 6 onth.

EP boI ci y 1310

ArnIe NA 0.060 Q/L
NA NO

NA 0.O2 .g/.L
NA 0.O gf.L

L..d NA O.O /.L
M.rry NA O.00 /.L
S.L.n1 NA 0.080 /t
S1L..r NA O.O /.L
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TABLE 3-1. (Continued)

D,taction Lialt Oataction Llalt
P.ratar EPA Msthad HOtding u.s

14 days
14 diye
14 days
14 days
14 days
14 days

14 days
14 day.
14 days
14 days
14 day.
14 days
14 days
14 days
14 dsys
14 day.
14 days
14 days
14 days
14 days
14 days
14 days
14 days
14 days
14 days
14 day.
14 days
14 days
14 days
14 days
14 days
14 days
14 days
14 days

R.diaiit I
gross A 900.0 NO 8 rsntha
grass B .O NO B .onths
Tot.t Pmdi a. NO B rsnths

N0T

Dstsctior ti.it. n vary upu.rds if till pts 1. dltutid.
ND - Not d.taruiid
NA Nat sppl.ibLs

SWRCI
EPA. lwl. 19. T.st ythod. for Organic Qii t Aiiatysi. of Munl ci pit aild Industri at Wsst.vatsr",

EPA-600/4-82-057.

EPA. Norcfl 19w. "Mutliod. for Qiit A.tys1. of Watar and Wa.tss". EPA-6LXI/4-79-020.

Csrstt RAS Rsports, Feb.-Nsy 19.

C- 16

Pw9bl.a Art1cui 602
8si irs 0.2 ug/L
Tot i*,a 0.2 uaJL
Ethyl. 8.isms 0.2 ug/L
1.3-01 alit oPODs,sns 0.4 ug/L
1 .0icli(orobsusns 0.4 uaJL
1,4-01 alit O.ObsianS 0.3 ug/L

Purgualits Nsl.agsnhl 801

Chto,.ath.n. 0.08 ug/L
8rcarsath.p. 1.18 ug/L
Vinyl. Qitorida 0.1$ ug/L
Thtorosthsn. 0. uaJL
Nsthytas Qitorida 0.25 ug/L
1,1 alitorofluorathsna NO

1.1-Oiitorrstilsn. 0.13 ug/L
I .101ch1wasthsna 0.07 ug/L
trani.2-Olal,t,rra*han. 0.10 ug/L
Chtorofar. 0.08 uaJL
1,2-01 al,Lorsilan. 0413 ug/L
1.1.1-Trlcfltorosthana 0.03 ug/L
Carn T,ttaal,tOrld. 0.12 uaJL
BrdichtorrsaUtans 0.10 ug/L
1.2-01 aliL,roproç.sns 0414 ug/L
tsn.l.3Olchtoroprapani 0.34 ug/L
Trial,Iarthsns 0.12 ug/L.
0ibrchtorrssthans 0.08 ug/L
1.1.2-Tr1ilorthan. 0.02 ug/L
cia-I .3-Olciltoropropana 0.20 ug/L
2-QitorthytvinyL Ethar 0.13 ug/L
BrraofarR 0.20 ug/L
1.1 .2.2-Tatrsditoro.thans 0.03 ug/L
T.traahtara.thyt.ns 0.03 ug/L
Qitoroli.nzars 0.25 LIg/L
I .3-Oichtorob.nz.na 0.32 ug/l
I ,2-0iclitarobs,sn. 0.15 ug/L
1.4-Oiclitorob.nzsns 0.24 ug/L
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Duplicate samples will be analyzed at a frequency of 30Z to provide
a measure of samling and analytical variability. These will be blind dupli-
cate5 8ubiaitted by the field Bample custodian and will be subject to the
complete analytical sche.

Second gas chromatographic coluoins for Methods 601 and 602 are
required for confirmation whenever the following values are exceeded:

Tables 3-2 and 3-3 provide information on second column confirmation
data for these method8.

G-1 7

Compound Concentration (ugIL)
Benzene 0.7
Carbon Tetrachloride 4.0
Chloroform 10.0

Dichlorethane 0.1
Methylene Chloride 4.0
Tetrachloroethylene 4.0
Toluene 10.0

1,1 ,l-Trichloroethane 10.0

Trichloroethylene 1.0

Vinyl Chloride 1.0
Dichlorobenzene isomers >10

Other organics 10
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TABLE 3-2. SECOND COLUMN CONRIR}fATION DATA FOR EPA METROD 601

*1st Column: Packing: Carbopack B 60/80 mesh w/1Z SP-1000 8' x 1/4 OD

glass column
Carrier Gas: Helium @ 40 mi/mm
Initial Tnp: 45CC
Initial Hold: 3 am
Program rate: 8°C/mm
Final temp: 200°C
Final hold: 15 mm

**2nd Column: Packing: Porpak-C 1 w/120 mesh v/N-octane 6' x 1/4: OD glass
column

Carrier Gas: Belium @ 40 ml/miu
Initial Tnp: 50°C
Initial Hold: 3 miii
Program rate: 6C/inin
Final temp: l70C
Final hold: 4 mm

G- 18

Compound
Retention Times

1st Column* 2nd Column**

Chloromethane 2.09 4.58
Bromomethane 3.37 5.98
Vinyl chloride 4.14 4.58
Chioroethane 5.24 7.82
Methylene chloride 7.39 9.40
Trich1orofluoroiethane 9.39 5.15
1,1-Dichloroethene 10.09 6.53
1,1-Djchloroethane 11.30 11.88
trans-i ,2-Dichloroethene 12.08 8.44
Chloroform 12.54 11.40
1,2-Dichloroethane 13.32 15.37
1,l,1-Trjchloroethane 14.59 12.17
Carbon tetrachloride 14.97 9.66
Broodjchloroinethane 15.46 14.04
1,2-Dichioropropane 16.88 17.04
Trjchloroethene 17.73 12.17
Dibromochlormethane 18.28 16.68
2-Chloroethylvinyl ether 19.56 ND

Bromoform 21.03 19.21
Tetrachloroethylene 23.52 14.04
Chlorobenzene 26.15 18.91
l,3-Dichlorobenzene 39.44 22.58
1,2-Dichlorobenzene 40.65 23.87
1,4-Djchlorobenzene 41.42 22.58



RADIAN

TABLE 3-3. SECOND COLUMN CONFIRMLTION DA& FOR EPA METROD 601

Retention Times

*1st Colin: Packing: Supelcoport 100/120 mesh w/5% SR. 1200 and 1.75

Beitone-34 6' z l/4 glass column

Carrier Gas: Nitrogen @ 40 mL/mi

Initial Tp: 5OC

Initial Hold: 5 mm

Program rate: 8°C/mm

Final temp: 9OC

**2nd Column: Packing: Chromasorb W-AW 60/80 mesh v/5% l,2,3-tris(2-

Cyaioethyoxy) propane 6' x 1/4' OD gla8s colunrn

Carrier Gas: Nitrogen @ 40 mL/mi

Initial Temp: 4OC

Iiitial Hold: 2 mi

Program rate: 2C/min

Final teinp: 1O0C

G- 19

Compound 1st Colm*n* 2nd Column**

Benzeie 4.72 6.04
Toluene 7.54 8.93
Ethyl benzene 11.04 12.12
1,4-Dichlorobenzene 17.47 25.25
1,3-Dichlorobenzeie 18.31 23.77

1,2-Dichlorobenzene 23.17 28.91
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ATtACURENT

Al Form 2752 - Environmental Saupling Data
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ENVIRONUE$TAL SAMPLING DATA OEwI.uSOMLY 1 f IH3 1-
(U.. Ui.. .p.e. i. e,.eh.c.I .ao.nf) SAMPLING SITE

IDENTIFIER
(APR J9-7

a.. .

BASE WHERE SAMPLE COLLECTED

SAMØLING SITE DESCRIPTION

DATE COLLECTION BEGAN
(rMWD)

TIME COLLECTION .EGAM
(34 ho.., clock.)

COLLECTION METHOD

0 GRAB COMPOSITE HOURS

MAIL
REPORTS

To
(cl.e. II

ORIGINAL

COPYl

COPY 2
SAMPLE COLLECTED BY (jv...,G1.d.AF50) SIGNATURE AUTOVON

REASON POP
SUBMISSION

A.ACCIDEHT/INCIOENT C-COMPLAINT F.FOLLQWUP/CLEAHUP
R..ROUTINE/PERIOOIC N.MPOES O-OTHER(.pcEl,)i..

BASE SAMPLE NUMBER :1 I F
OLI4L RIO -, Jjj

ANALYSES REQUESTED ( ch.ek .pp,opr,.I. blocks)

.-i . ...
j' GROUP A Herdness 00900

Residue.Sett1eebl
50086 GROUP T

00610Aonis 01045 00505Residu.,VotaU.le 32104
Bromo(or

00340Ceicat Oxygen Demand
01051

Lead
00955

Si1ca
32101Brodlommedane

0062$e1dab1 Noen
0027M.ieatum

00095
Specific Conductance 3210Carbon Tetr5chlorlcte

00o20Ht,et.
U1UbIang*eSe

0Q94
Sul(ote h1orfo

00615 Merc'.uy 71900 Suute 0740 Corethe 34418

U & Grease icke1 01067 Suactan MBAS 33260 Dibrcocblorometaze305

rpoic Carbon 00680 Potassium 007 Turbidity 00076 Methvleoe C1onde 34423

Ord,ohosphetr 00671 SeIetüu 01147 TecbJomethvIee
l,osphorus.Totel 00665 SUer 01077 1,1.1-Tric1iloroetbane3506

So 00929
f 4

GROUP H Trijo,oethyIe 39180

I :j. DGROUP 01059 BHC Isoerz 39340 Ta1oethanes 82380

kvanide,Total 00720 Zinc 01092 Chlordane 39350 pcs
1 00722;%.de.Fre 39370DDT Isomers

39380

GROUP E E..;:Ii-i--1 GROUP G Eodnn 39390

32730 Acidity,Total 70508 Heptachlor 39410

AlkaUnitv.Total 00410 Heptachlor Epozade 39420

FTTJ GROUP F Alkatiniy.Bicarboaste0025 Lindane
01097 71870B,omde 34bUMethoxychlor

ArsenIc 01002 Csrboo Dioz.ide 00405 Tozaphene 39400

Barium 01007 CItloride 00940 2,4-D 39730 oH SITE ANALYSES

Beryllium 01012 Color 00080 2,4,5-TP-Silvex 39750 Parameter Value

BOron
01022 Fluoride 00951 2.4,5-T 39740 Flov 50050 rnd

Cadmium 01027 Iodide 71S65 hlorme.ToP°
Calcium 00916 Odor DisoIved
Chromium.TotaI 01034 Residue.TotaI 00500

H 00400

01032 Re,idue.Fi!te'e(7S)7000 [ GROUP j Trre00 oc
01042

Cooper
00530

R esidueN on (ittera bI e
00745

Sul lid
COItMENTS



INSTRUCTIONS FOR COMPLETING AF FORM 2752,
ENVIRONMENTAL SAMPLING DATA-

The purpose of this form i3 to record environmental and drinking water
sampling information. The form will be used for submitting environmental and
drinking water sazple5 (except radiological samples) to the USAF Occupational
and Environmental Health Laboratory (USAF OEHL). Use AF Form 2753 for
radiological sampling data.

1. Identification Data. Plastic embossed cards for recording identification
data may be u5ed in lieu of the following handwritten entries: -

Sampling Site Identifier. Enter code for Sampling Site Identifier
(see page 3).

Base. Enter name of base where sa.ple is collected.

Sampling Site Description. Enter name of sampling site.

2. Date Collection Began. Enter date sample collection began (e.g., if
Jan 11, 1981, enter 81/O1/1I).

3. Time CQllection Began. Enter time (2I-hour clock) sample colletio
began. - - -

1. Collection Meth&d. Chec whether sample was a grab sample or a composite --

sample. If a composite sample, enter number of hours from beiuing to the
completion of compositing.

Mail Reports To. Enter four-digit base code in small boxes (same code as
fir5t four digits of enviroriental identifier if same base). Enter mailing
addresses where analysis results will be zent. Include uritt designation,
office symbol, base, state, and ZIP code.

Sample Collected By. Enter name (last nanie only), grade and AFSC of-
individual collecting sample.

Signature. Enter signature of iidividuai collecting 3ample.

8. ATJI'OVOfl. Enter AUTCVON number oV rezponsible individual who can answer
questions from the laboratory conceriing the sample-.

Reasons for Submission. Enter code (in the box to the right of sbaded
"E") indicating reason for submitting sazxiple.

Base Sample flunber. Enter eigt-djgjt coded base sample number for each
sample. See pages I-5.

OEHL PID. Leave blank.

G- 24



Analyzis Requested. Cbeak the bloak to the left of the analyzes dezired.
For parameters not li3ted, enter parameter name and number in the blank spaces
provided under the appropriate prezervation group. Continue in the Coent5
Section if required.

On-Site Analyses. Enter resultz of any on-zite analyses. For parameters
not listed, enter parameter name, ntber, value and unit in the blauk zpaaez
provided.

lU. Preserve a one liter (one quart) sample as shown in page 7 for eaah group
in whiah an analysis is requested.

15. Submit one copy of the completed form in a waterproof envelope with the
sample to USAF OEHL/SA, Building 14O, Brooks AFB TX 78235.
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1. All envirorental monitoring and drinking water sampling 3ite3 must be
identified in a 3tandardized manner. The sampling site identifier will be
used for local identification purposes and will be the primary i.dentifier for
environertal data 3tored in a central. Automatic Data Proces3in& (AD?)
repo3i tox7.

2. The sampling site identifier i3 nine alphanteric characters made up of
the installation code, followed by the sampling 3ite type code and the
5apling location number.

Installation Code. The four-digit number now used for the film
dosimetry pros-am with a zero prefix (available from project monitor or base
bioenviroriental engineer).

Sampling Site lype. A two-letter code to identify the source of the
sample (see para 5 of this attachment for the complete li3t).

a, Sample Iocatiori Nuniber. A tree-digi.t number assigned locally.

3. The code formed when the three elements are comb.ned is unique for a
particu.1ar.,sampling poi.nt. If the zaplir location is taken out of service,
destroyed or no longer u3ed, the code will not be reassied to another
samplin& site nor used again.

4. The rew code will look like thi3:

Thstallation Sample Sample
Code Type Location

0123 "56

5. Sample Type Codes:

am1ix Site r'e

Air AO
Nonpotable water, source (effluent) MS
Nonpotable water, process NP
Nonpotable water, ambient NA
Potable water, distribution system
Potable water, round water (untreated) PG
Potable water, 3urface water (untreated) PS
Potable water, otter ro

Solid

ThE SAMPLING SITE WENTIFIER
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CODED BASE SAMPLE NUER

Thi3 3ection contajn3 accepted envirorental sampling methods recommended by
the USAF OEHL. The basi3 for any moritoring program rests upon information
obtained from sampling. Improper sampling can negate even the most careful
and accurate work performed by the rezainder of the monitoring teani. There-
fore, the proper 3election, collection, identification and shipment of envi-
rorental samples are paramount for a successful monitoring program. (General
in3tructions for packaging and shipping 3ample3 are contained in Section V).
Additional information can be obtained from:

USAF OEHL/ECA AUTOVON 2I0-2B91 or (512) 536-2891
USAF OL/ECW AUTOVON 2I0-3305 or (512) 536-3305
USAF OL/ECE AUTOVON 2110_3667 or (512) 536-3667

ASSIGNNT OF BASE SAMPLE NUERS

EnvironentaJ. samples that are collected at base level must be assigned a
sample ntber, regardless of whether they are analyzed locally or at a central
laboratory such as the USAF OEHL. This coded sample number will enable the
analysis results to be ultimately stored in and retrieved from a central data
repository. A sample nber code consists of eight digits. The first two
digits cla3sify the sample as to the method and type of sample. The next two
digits identify the calendar year that the sample was taken and tbe last four
digits identify the locally assigned sample number, proesing in nerical
3equence from sample ntber 0001 to sample nber 9999. Sample ntber codes
follow:

a. Flr3t 2 digits

Digit 1 -

aD1e Method Code

Grab Sample G
Compo3ite Sample C

Digit 2 -

Sam1e Tvte Code

Nonpotable N

Potable Water P

Re3idue (Incinerator Ash) ID

Sludge (Wet or Dry) L
Soil - S
Unclassified C
Vegetation V



Next 2 digits - Code for sample year using last two numbers of
calendar year in wh.ch sample was taken. Example: Code for CY 1981 is 81.

Last Z digits - Code for locally assigned, numerically sequenced
sample number. Example: Code for thirteenth sample taken during a calendar
year is 0013.

Completed Base Sample Number. To illustrate a completed code, consider an
environental water sample taken to characterize storm water runoff. The
sample was a ab sample taken from a storm drain. Eighty-six other samples
had already been taken at the base tbat year (CY 1979). The sample would be

arab Sample

Nonpotable Water

Calendar Year 1979

I I

Sample No. 87

GN t 007

'I
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1XX
2XX
3XX
zxx
5X1
6XX

7XX
9 XX

I XXX

9XXX

Ixxxx

USAF OL WOX CENTER DES

Analysiz of Industria.]. Hygiene Samples
Liquid Media or Eluent for Tube Analy3i3
Liquid Media or Eluerit for Pe3ticide Type Analysis
Eluent or Solvent for Metals Analysis
Collection Media Colorietric Analysis
Media f or Gray imetric/Physical Observations
Media for Voletric/Electraetric l

Media for Liquid Croatography
Special Modification
Special Analysis (Bulk Indu2trial Products)

Analysis of Biological Materials

Analysis of Water or Soil (Environmental) Samples
101 00-10199 A Preservation Group -

10300-10399 D Preservation Group (Cyanides)
1000-1099 E Preservation Group (Phenols)
10500-10599 F Preservation Group (Metals)
10600-10699 G Preservation Group (Unpreserve)
10600 J Preservation Group (Su1fies)
10700-10799 H Preservation Group (Pesticides)
'10800-10699 T Preservation Group (Trace Qraatc5)

2XXXX Rad.ioaszay of Materials
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PRESERVATION METHODS'

NOTE: A preservative muzt be added immediately after collection unless the
sample is to be analyzed for dissolved aterialz. For dissolved
materials analysis, filter as soon as possible, and then add the
preservative.

GROUP DESCRIPTION

A (A1XX) Cool to 14°C; add sulfuric acid to pH <2; submit 1 liter in a
polyethylene or glas3 container.

(A2XX) Same as Group A1XX except that a separate 1 liter individual
sample uzt be submitted in a 1ass container.

D (Dlxx) Cool to 14°C; add sodium bydroxide to pH >12; add odi
thiosulfate if residual thlorine exists in the sample.
Submit 1 liter in a polyethylene or gla$s container.

E (E1XX) Cool to 14°C; add sulfuric acid to pH <2; submit 1 liter in a
polyethylene or glass container.

F (Flxx) Add nitric acid to pH <2; subnit 1 liter in a polyethylene or
glass container.

(F2xX) This 'oup is for boron. Do not add nitric acid to this
oup--no preservative is necessary. Do not, under ay

circumstances, submit sample in a glas3 container.

G (Glxx) Cool to 14°C; add no other preservative; submit 1 liter in a
glass or polyethylene container.

(G3XX) This 'oup is for asbestos. No other preservative is
necessary.

H (H1XX) Cool to 14°C; add sodi. thjosulfate if residual chlorine
exists in 5ample; submit 1 liter in glazs container with
TeflonR lined cap.

(H2XX) Tbese analytes deade rapidly and it is generally ot
feasible to submit samples for this analyte. If it is
necezary call USAF OEHL/SAN [AUTOVON 214O3626 or (512)
536-3626/Mr Nisioka).

J (J1XX) This sample is for 3ulfides. Cool to 14°C; add 2 ml of a 22%
zinc acetate solution per liter of sample. Submit 1 liter in
a glass or polyethylene container.

T (T1XX) Submit only in special containers obtained fron USAF OEIL/SAN
[AUTOVON 2LO-3626 or (512) 536-3626/Mr Rodriguez].

(TlXX) Cool to °C; add sodium thiosulfate if residual chlorine
ex.izts in sample;-subit 1 liter in glass container with
Teflon lined cap.

'These instructions supersede all previously issued preservation instructions.
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RECO?NDED ENVIRON?NTAL AMPLDC ?ThODS

STORET 9 NAME PRESERVATIVE NOTES REF.
WORK CENTER

3Z1205 ACENAPHTHENE TZIXX_10820 C E610

34200 ACENAPHTHYL.ENE TZIXX10820 C E610

1oo162AD ACID EXTRACT. PRIORITY POLLUTANT TZIXX_1 0810 C E625

00Z136 ACIDITY (MINERAL) G1XX-10610 A E305

70508 ACIDITY (TOTAL) G1XX-10610 A E305

3Z1210 ACROLED TzIXX10820 C E603

3Z1215 ACRYLONITRILE TZIXX_10820 C E603

70312 AGGRESSIVE INDEX G1XX-10000

39330 ALDRIN H1XX-.10700 C E638

00Z125 ALKALINITY (BICARBONATE) C1XX-10610 A ALO3

00Z130 ALKALINITY (CARBONATE) G1XX-10610 A AL403

00Z120 ALKALflZITY (HYDROXIDE) G1XX-10610 A A4O3

00Z115 ALKALINITY (PHENOLThALE) G1XX-10610 A A1403

OOIl0 ALTALflITY (TOTAL) G1XX-10610 A AO3

01106 ALUMINUM (DISSOLVED) F1XX-10500 A E202

01105 ALUMINUM (TOTAL) F1XX-10500 A E202

00610 AF4JNIA (NITR) A1XX-10110 A E350

3Z1U20 ANTHRACENE Tz!XX_10820 C E610

3'1556 DIBENZO(a,h)ANThRACENE TI4XX-10820 C E610

01095 ANTIJNY (DISSOLVED) F1XX-10520 A E2O

01097 ANTflCNY (TOTAL) F1XX-10510 A E2O

01000 ARSIC (DISSOLVED) F1XX-10520 A E206



G-32

r4

RECOMNE ENVTh ONMEN TAL SAMPLING THODS

STORET # NAME PRESERVATIVE
WORK CENTER

NOTES REF.

01002 ARSENIC (TOTAL) F1XX-105iO A E206

3225 ASBESTOS G3XX-10000 C C

01005 BARflJM (DISSOLVED) F1XX-10520 A E208

01007 BARIUM (TOTAL) F1XX-O5O A E208

1001163BE BASE/NEUThPi EXTR. FBI. POLLUT. TJ4XX-10820 C E625

3O3O BZE T1XX-10850 F E503
(OBTAIN SPECIAL NTADER FROM LAB)

39t20 SENZIDINE V4XX-10820 C EGOS

3526 BJZO(a)ANTHRACENE TtXX-1O820 C E610

3230 BZO(b)FLU0RANTHENE TXX-0820 C E610

31212 BZO(k)FLUORANThENE TXX-1O820 C E510

32l7 ZO(a)FYBJE TXX-0820 C E610

3521 BZO(ghi)PEBYLE T4XX-O82O C EEiO

01010 BERYLLIUM (DIZSOLVED) F1XX-10520 A E210

01012 BERYLLIUM (TOTAL) F1XX-10510 A E210

393O BHC ISC}RS H1XX-10700 C E608

39337 a-BHC H1XX-O7OO C E603

39338 b-HC HTXX-10700 C E608

3259 d-BHC H1XX-10700 C E608

00310 'BOD (BIOCHEMICAL OflC DEMAND) G1XX-OOOO AX

01020 BORON (DiSSOLVED) F1XX-10500 B AOB

0O22 BORON (TOTAL) F1XX-10500 B AO4B



G-3 3

RECONDED ENVIRONFNTAL SAMPLING ThODS

STORET # NAME PREZERVATIVE
WORK CENTER

NOTES REF.

71870 BROMIDES G1XX-10630 A AI05

32101 BRODICHLOROThANE T1XX-1 0850 D ESOl
(OBTAIN SPECIAL NTAINER FROM LAE

3210 BROMOFORM T1XX-1 0860 D E501
(OBTAIN SPECIAL NTA2ER FROM LAE

313 BROHOThANE T1XX-10860 D E501
(OBTAIN SPECIAL NTAflER FROM LAE

01025 CADMIUM (DISSOLVED) F1XX-10520 A E213

01027 CADMIUM (TOTAL) F1XX-10510 A E213

00915 CALCIUM (DISSOLVED) F 1XX-1 0520 A E215

00916 CALCIUM (TOTAL) F1XX-10510 A E215

O0IO5 CARBON DIOXIDE (CALCULATED) G1XX-106 10 A A4O6

32102 CARBON TETACHLORIDE T1XX-10860 D E601
(OBTAIN SPECIAL NTAflER FROM LAB)

003IO CHEMICAL OXYG DEMAND (COD) A1XX-10130 A A508A

39350 CHLORDA?E H1XX-10700 C A509

0090 CHLORItEZ G1XX-10630 A E325

5006 *CHLORDE (FREE AVAfl..ALE) G1XX-10000 x

50066 'CHLORINE (COMBDED AVAILABLE) G1XX-1 0000 x

50060 CHLORflE (TOTAL RESIDUAL) G1XX-10 000 x

3301 CHLOROBZE T1XX-10850 E601
(OBTA SPECIAL NTADER FROM LAB)

32106 CHLOROFORM T1XX-10800 D E601
(OETA2 SPECIAL NTAThER FROM LAB)



C- 34

RECONDED ENVIR ONZNTAL SAMPL2G ? ThODS

STORET # NAME PRESERVATIVE
WORK CENTER

NOTES REF.

3143fl CHLOROETHANE T1XX-1 0860 E601

(OBT.P.fl SPECIAL CONTAINER FROM LAB)

314273 51S(2-CHLOROETHYL) ETHER TLXX1 0820 C E611

3278 BIS(2-CHLOEOETHOXY)METHANE T14XX-1 0820 C E611

314283 BIS(2-CHLOROISOPRO?YL)EThER TXX- 0820 C E6fl

314576 CHLOROETHLVflYL EThER T1XX- 1 08 60 D E602
(OBTADI SPECIAL NTAER FROM LAB)

3141418 CHLORO?iANE TXX-lC860 D E602
(OBTAfl SPECIAL NTADER FROM LAB)

314518 ' 2-CHLORONAPHThALENE Ti4XX-1 0820 C E612

01030 CHROMIUM (DISSOLVED) F1XX-O520 A E218

01032 CHROMIUM (HEXAVALENT) F1XX-105t0 AX A3123

0103L CHROMIUM (TOTAL) FIXX-105tG A E218

3Z4320 CHRYE T14XX-1 0820 C E610

01035 BALT (DISSOLVED) F1XX-1 0500 A E219

01037 COBALT (TOTAL) F1XX-10500 A E219

31501 4COLIPORM (TOTAL) GIXX-1 0000 x

00080 COLOR GIXX-10620 A EllO

010140 COPPER (DIaSOLVED) F1XX-10520 A E220

010142 PPER (TOTAL) F1XX-105lO A E220

00720 CYANIDES (TOTAL) D1XX-10300 A A14t2D

00722 CYA.NIDES (ANABLE TO C1LODE) D1XX-1 0300 A A1412D

39730 2,4-D HIXX-10700 C A509



RECOMNDED ENVIRON?NTAL SAMPLING ?ThODS

G-35

STORET 0 NAME PRESERVATIVE
WORK CENTER

NOTES REF.

39310 14,14'-DDD H1XX-10700 C E608

39320 4,4'-DDE H1XX-10700 C E608

39300 14,14'-DDT H1XX-10700 C E608

39370 DDT ISOMERS H1XX-10700 C A509

39570 DIA.ZINON H2XX-10700 C A509

32105 DIBROMOCHLORO)ThANE T1XX-10860 D E501
(OBTAIN SPECIAL NTAINER FROM LAB)

3'4536 1,2-DICHLOROBENZENE (ORmO) T1XX-10850 F E602
(OBTAIN SPECIAL NTAflER FROM LAB)

3'4566 1,3-DICHL0ROBZENE (META> TXX-1O85O F E602
(OBTAIN SPECIAL CONTADEE FROM LAB)

34571 1,'4-DICHL0ROBEZENE (PARA> T1XX-10850 F E602
(OBTAIN SPECIAL CONTA2ER FROM LAB)

3'4631 3,3'-DICHLOEOBIZIDENE T14XX-1 0820 C E605

3'4668 DICHLORODIFLUOROTHANE T1XX-10860 D E601
(OBTAfl SPECIAL CONTAINER FROM LAB)

3141496 1, 1-DICHLOROETHANE T1XX-10860 D E601
(OBTAIN SPECIAL CONTA2ER FROM LAB)

32103 1 ,2-DICHLOROETHANE T1XX-10860 D E6O1
(OBTAIN SPECIAL CONTA2ER FROM LAB)

3'4501 1, 1-DICHLOROEENE T1XX-1C860 D E601
(OBTAIN SPECIAL CONTAINER FROM LAB)

3145146 1,2-DICHL00ETHYLE T1XX-10860 D E601
(OBTAIN SPECIAL CONTArnER FROM LAB)

3141423 DICHLOROflANE T1XX-10860 D E601
(OBTA2 SPECIAL CONTA2ER FROM LAB)
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RECO1ENDED ENVIROThENTAL SAMPLING ThoDS

STORET 0 NMIE PRESERVATIVE
WORK CENTER

NOTES REF.

31151 1,2-DICHLOROPROPANE T1XX-10860 D E601

(OBTAIN SPECIAL CONTAINER FROM LAB)

31701 CIS-1,3-DICHLOROPROPENE T1XX-10860 D E601

(OBTAIN SPECIAL CONTAINER FROM LAB)

311699 TRANS-i ,3-DICHLOROPOPENE TXX-1O860 D E601

(OBTAIN SPECIAL CONTAINER FROM LAB)

39380 DIELDRIN H1XX-10700 C E608

34611 2,11-DINITROTOLUE T11XX-10820 C E609

311626 2,6-DINITROTOLUE T11XX-10820 C E609

00300 'DISSOLVED OXYG G1XX-10000 CX

3146ifl DURSEAN H1XX-1O700 C E611

314361 DOSULFAN I H1XX-10700 C E608

31356 DOSULFAN II H1XX-10700 C E608

31351 DOSULFAN JLFATE H1XX-10700 C EGOS

39390 DRIN H1XX-10700 C E608

314366 DRIN ALDEHYDE H1XX-10700 C E608

314371 ETHThBZE T1XX-i0850 F E602
(OBTkIN SPECIAL CONTAINER FROM LAB)

31613 'FECAL COLIFORM G1XX-10000 X

31673 FECAL STREPTOCOCCI G1XX-10000 X

314376 FLUORQPNTHE T14XX.1Q82O C E6Q

3J438 FLUOflNE T14XX1O82O C E610

00951 FLUORIDES G1XX-10630 B E3L0

38260 FOAMING AGTS (SEE SURFACTANTS) G1XX-10620 AX E25
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RECOM}ENDED ENVIRONNTAL SAMPLING THODS

STORET # N ÂME PRESERVATIVE
WORK CENTER

NOTES REF.

00901 HARDNESS (CARBONATE) G1XX-1 0600 A A31i4A

00902 HARDNESS (NONCARBONATE) G1XX-1 0600

00900 HARDNESS (ToTAL) FIXX-1 0510 A A3114A

3g410 HE PT A CHL OR H1XX-1 0700 C A509

3920 HEPTACHLOR EPDXIDE HIXX-10700 C E608

39700 HEXA CHLOR OBZ E VXX-1 0820 C E608

3391 HEXACHLOROEUTADIENE VXX-1 0820 C E612

3386 HEXA CHLOR 0 CYCLO PEN TADI ENE VXX-1 0820 C E612

3396 HEXA CHLOR OETHANE TXX-1 0820 C E612

0000 *HYDROGEN ION (PH) G1XX-l0000 AX E150

3I03 flIDENO(1 ,3-CD)PYBENE TXX-1 0820 C E610

71865 IODIDES G1XX-10630 AX E3145

01 06 IRON (DISSOLVED) F1XX-10520 A E236

01O5 IRON (TOTAL) FIXX-10510 A E236

3i4i408 ISOPHORONE TXX-1 0820 C E609

00625 KJaDAHL. NITRCG (TOTAL) A1XX-101 10 A .E351

70311 LANGLIER INDEX G1XX-10 000 A A203

0109 LEAD (DISSOLVED) FIXX-1 0520 A E239

01051 LEAD (TOTAL) FIXX-10510 A E239

39782 LINDANE H1XX-07U0 C E608

00925 MAGNESIUM (DISSOLVED) F1XX-1 0520 A E2142

00927 MAGNESIUM (TOTAL) F 1XX-1 0510 A E2112
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RECOMNDED ENVIR0NNTAL SAMPLING ThODS

STORET i N A? PRESERVATIVE
WORK CENTER

NOTES REF.

01056 MANGANESE (DISSOLVED) F1XX-10520 A E23

01055 MANGANESE (TOTAL) F1XX-10510 A E2'3

1001'65MT MAXIMUM TRIHALOMEANE POTENTIAL T1XX-1 0830 E E501
(OBTAIN SPECIAL NTADER FROM LAB)

3826 0 MBAS (SEE SURFACTANTS) G1XX-1 0620 AX E1425

71890 PRCURY (DISSOLVED) F1XX-1 0520 A E2'5

71900 }'RCTJRY (TOTAL) F1XX-10510 A E245

39Z80 ME flWXYCHLOR H1XX-10700 C £608

31123 MEYLiE CHLORIDE T1XX-1 0800 E601
(OTAD SPECIAL NTAflER FROM LAB)

81595 ME1YL E1YL KETONE TIXX-1 0850 D E503
(0BTAfl SPECIAL NTAD1ER FROM LAB)

81596 1YL ISOBUTYL. ITONE T1XX-10850 D E503
(DTA SPECIAL cONTAflER FROM LAB)

01060 MJLYBDENUM (DISSOLVED) F 1XX-1 0500 A E26

01062 MLYBDENUM (TOTAL.) F1XX-10500 A E2'6

3'301 NOCHLOROBZE T1XX-1 0800 F E602
(OBTADI SPECIAL NTA2ER FROM LAB)

3'696 NAPHTHALENE T1XX-1 0820 C E610

01065 NICKEL (DISSOLVED) F1XX-1 0520 E249

01067 NICKEL (TOTAL) F1XX-10510 A E249

00620 NITRATES (AS NITBcG) A1XX-101 10 AX E353

00630 NITRATES-NITRITES A1XX-1O1 CO AX E353

00615 NITRITES (AS NITROG) AIXX-1G11O AX E353
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UECOENDED ENVIRON1ENTAL SAMPLING THODS

STORET 4 NAME PRESERVATIVE
WORK CENTER

NOTES FEF.

31414147 NITROBZENE TZ10820 C E609

00625 NITROG (TOTAL KJELDAHL) A1XX-10110 A E351

3Z1438 N-NITROSODIMETHThANINE TI4XX_10820 C E607

3141428 N-NITROSODI-N-PROPYLANINE TI4XX_1 0820 C E507

3141433 N-NITROSODIPHThAMINE TXX-1O820 C £607

00086 ODOR G1XX-10620 X

00560 OIL & GREASE A2XX-10120 CJ E413

00680 ORGANIC CARSON A1XX-1O30 A EliiS

00671 ORTHO PHOSPHATE (DISSOLVED) A1XX-10110 AX E365

00300 'OXYGEI (DISSOLVED) G1(-1O000 X

39516 PCS (POLYCHLORINATED BIFHENTh) TXX-iO8S0 C E608

QQZQQ 'pH (HYDROG ION) G1OC-100O0 X

34461 PHIANTHRENE T(-10820 C E610

32730 FHDLS E1-iO400 A E120

3Z452 Z-CHLORO-3-?Th'YLPHOL TZ(10810 C E60

314586 2-CHLOROPHENOL TI4XX_10810 C E6O

3601 2,-DICHLOROPHOL TXX-10810 C E6O

36O6 2,4-IMETHYLPH1OL Tl4XX1OB1O C E6O'

3606 2,4-DINITROPHOL T4XX-10810 C E6O4

3657 2-METHYL-a ,6-DINITROPHOL T1XX1 0810 C E6O

3L591 2-NITROPHENOL T4XX-iO81O C E604

31466 14-NITROPHENOL Tc-ioa10 C E6OL



(OBTAIN SPECIAL CONTAflE FROM LA.5)

G-40

RECOMNDED ENVIONNTAL SAMPLING ThODS

STORET # NAME PRESERVATIVE
WORK CENTER

NOTES REF.

3l6924 FE N T A CH L OR OPH EN OL TUXX-1 0810 C E6OU

3U621 2,1 ,6-TRICHLOROPHENOL TUXX-1 0810 C E6OU

31636 -BROMO PHENYL PHENYLETHER ThXX-1 0820 C E611

316U1 -CLOROPHENYL PHENYLEThER TUXX-1 0820 C E611

00671 PHOSPHATES ORTHO (DISSOLVED) A1XX-10110 AX E365

70507 PHOSPHATES ORTHO (TOTAL) A1XX-101 00 A E365

00665 PHOSPHORUS (TOTAL) A1XX-101 10 A E365

1 000069PH PHT1ALATE ESTER SCE TUXX-10820 C £606

39100 BIS ( 2-ETYLHEX1'L ) PHT1AL ATE TUXX-1 0820 C E606

3U292 BUTYLBZYL PHTHALATE TUXX-1 0820 C E606

39110 DI-N-BtJTYL. PHT1ALATE TXX-1 0820 C E6C6

3l336 DIETHYL PHTHALATE ThXX-1 0820 C E606

3U3U1 DITdYL PHThALATE TUXX-1 0820 C E606

3 U 596 DI-N-OCTYL. PHTHALATE TUXX-1 0820 C E606

31751 'PLATE COUNT, TOTAL G1XX-t0000 X

00935 POTASSIUM (DISSOLVED) F1XX-1 0520 A E258

00937 POTASSIUM (TOTAL) F 1XX-1 0510 A E28

1001162AE PRIORITY POLLUTANT-ACID EXTR. TUXX-10810 C E625

1 001U63BE PRIORITY POLLUTANT - BASE/NEtJT. EXT TUXX-1 0820 C E625

1 OO1U65NT PRIORITY POLLUTANT - MAX. IHALo.pQ T1XX-10830 E E501
(O3TATh SPECIAL CONTADER FROM LA)

82080 PRIORITY POLLUTANT - TUT.TRIHALOT T1XX-1 08U0 D E501



RECOM1NDED ENVIRONNTAL SAMPLING ?EThODS

G-4 1

STORET # N AME PRESERVATIVE
WORK CENTER

NOTES REF.

100146 1PA PRIORITY POLLUTANT - VOL. AROMATICS T1XX-1 08 50 F E602
(OBTAIN SPECIAL CONTAnER FROM LAB )

1OO1I6OPH PRIORITY POLLUTMT-VOLATfl..E HALOCAR T1XX-1O85O D E601
(OBTAIN SPECIAL CONTADER FROM LAB

7 1220 'PSEUDOMONAS, AERUGINOSA G1XX-1O 000 X

311 16 9 PYRE TXX-1O82O C E610

00500 RESIDUE (TOTAL) G1XX-106 112 A E160

70300 RESIDUE FILTERABLE (TDS) G1XX-1 06110 AX E160

00530 RESIDUE NON-FILTERABLE (SS) G1XX-1O6O AX E160

50086 RESIDUE (SETTLEABLE) G1XX-10600 A E160

00520 REIDUE (VOLATfl.E FILTERABLE) G1XX-1 06 00 AX E160

00535 REIDUE (VOLATfl.E NON-FILTERABLE) G1XX-10600 AX E160

00505 RESIDUE VOLATfl.E (TOTAL) G1XX-1O62 AX E160

00180 SAL 2 ITY G1XX-10600 A A21OA

01145 SELENIuM (DISSOLVED) F1XX-10520 A E270

01 147 SELENIuM (TOTAL) F 1XX-1 0510 A E270

39750 SEV IN H2XX-1 0700 C A.509

00955 SILICA G1XX-10600 B E370

01 075 SILVER (DISSOLVED) F 1XX-1 0520 A E272

01077 SILVER (TOTAL) F1XX-1 0510 A E272

39760 SILVEX (2,11,5-TP) HXX-1 0700 C A509

00930 SODIUM (DISSOLVED) F 1XX-1 0520 A E273

00929 SODIUM (TOTAL) F1XX-10510 A E273



(OBTAIN SPECIAL CONTAThE FROM LAB)

G-4 2

RECOMNDED ENVIONNTAL SAMPLING ThODS

SlORET # NAME PESEVATIVE
WORK CENTER

NOTES REF.

00095 SPECIFIC NDUCTANCE G1XX-1 0620 A E120

80110 SPECIFIC GRAVITY G1XX-10600 A A213

009k5 SULFATES G1XX-10630 A E375

007215 SULFIDES JiXX-10600 AX E376

007210 SULFITES G1XX-10600 AX E377

38260 SUFACTANTS (AS AS LAS) G1XX-10620 AX E25

397210 2,2I,5T H1XX-10700 C A509

322210 TANNINS & LIGNINS G1XX-10600 A A513

00010 TEMFEAJE (°C) G1XX-10000 X

321516 TERACHLOOEflANE T1XX-10860 D E601

(OBTAfl SPECIAL NTAER FROM LAB)

3275 TETRACHLOOETHYLENE T1XX-10860 D EGOl

(OBTAIN SFECIAL NTADE FROM LAB)

00730 THIOCYANATES D1XX-10300 A

01057 THALLIUM (DISSOLVED) F1XX-10520 A E279

01059 THALLIUM (TOTAL) F1XX-10510 A E279

01100 T (DISSOLVE) F1XX-10500 A .E282

01102 T (TOTAL) F1XX-10500 A E282

01150 TITANIUM (DISSOLVED) F1XX-10500 A E283

35O6 7, 1-TRILOROE7-JANE r,xX- 0860 D E6O
(OBTA'I SPECIAL NTAER FCM LAB)

321511 1,1,2-TRICHLOBOETHANE- T1XX-1OS6U D E601
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RECOMFNDED ENVIRONINTAL SAMPLING ThODS

STORET # NA} PRESERVATIVE
WORK CENTER

NOTES REF.

39180 TICHLOROETHYLENE T1XX-10860 D E601
(OBTAD SPECIAL CONTAINER FROM LAB)

34458 TRICHLOROFLUOROTHANE T1XX-10860 D E601
(OBTAfl SPECIAL CONTAINER FROM LAB)

82080 TIHALOThANES (TOTAL) T1XX-10840 D £501
(OBTAD SPECIAL CONTAflE FHOM LAB)

00076 TURBIDITY G1XX-10620 AX E80

39175 VINYL CHLORIDE T1XX-10860 D E601

(OBTAD SPECIAL CONTAflER FROM LkB)

81710 H-XYLENE T1XX-1 0850 F E503
(OBTAIN SPECIAL CONTAflER FROM LAB)

81711 O-XYLENE T1XX-10850 F E503
(OBTAfl SPECIAL CONTAflIER FROM LAB)

78132 P-XYLENE T1XX-O35O F E503
(OBTAIN SPECIAL CONTAflER FORM LAB)

01090 ZINC (DISSOLVED) FXX-105O0 A £289

01092 ZINC (TOTAL) F1XX-105l0 A E289
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RADIAN
THE QUALITY ASSURANCE/QUALITY CONTROL PROGRAM

FOR RADIAN ANALYTICAL SERVICES

Radian Analytical ServicesT (RAS) objective is to provide high

quality chemical analyses to all clients regardless of the size of the

analytical task. To aid in achieving this goal, a strong quality assurance

program and rigid quality control practices are integral parts of all

analyses. This document describes these quality assurance/quality control

protocols for the Radian Analytical Services laboratories.

The basic quality control program includes procedures for sample

handling, calibration, spiking and replicate analyses, analysis of QC test

samples, equipment maintenance, and supplies contr4l. These procedures can

be integrated with a client's additional requirements, such as spiking

studies, analysis of replicate samples, linearity determinations, and

stability studies.

The quality assurance program consists of the frequent submission

of blind QA samples, duplicates, and spiked sample splits. Also included

are personnel training, analytical methodologies, sample control procedures,

data handling, and equipment maintenance and calibrations.
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1.0 QA Organization/Policy

The objective of Radian's quality assurance/quality control program

is to assure, assess, and document the precision, accuracy, and adequacy of

data obtained from chemical analysis and to assure the technical accuracy of

the results obtained for all sples.

Radian has organized the quality assurance function within the

company to allow complete independence of program review. Radians Quality

Assurance Director reports directly to the Vice President of the Technical

Staff. This position provides independent reviews at all levels of the

technical staff and laboratory organization and allows iimnediate access to

Radian's top management on QA-related matters.

The QA Director's involvement may be limited to a review of quality

control practices or as extensive as active development and implementation of

quality control procedures and statistical data analysis. The QA Director may

be asked to contribute expertise and assistance when a need is perceived by

either the client, the technical staff, or the management staff.

Because of the large number of samples analyzed by RAS, a QA coordinator

has been assigned to monitor and maintain an effective QAIQC program for these

laboratories. The RAS Quality Assurance Coordinator, directly responsible to

the Corporate QA Director, serves as an independent auditor of all RAS labora-

tories. The responsibilities of the RAS QA Coordinator are as follows:

S Monitor QA/QC within RAS laboratories,

Supervise the preparation of blind audit samples,
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inform the Director of RAS and the corporate QA Director of

quality assurance problems,

summarize and report QA activities in the laboratories,

document all QA and QC procedures within RAS,

act as liaison between the corporate QA Director and RAS,

provide QA data to the corporate QA Director for inclusion in

the corporate QA reports.

The RAS laboratory managers function as the quality control coor-

dinators in each particui.ar analytical area. Their efforts are coordinated

and monitored by the QA Coordinator.

Quality control coordinators serve as a focal point for all QC

activities pertaining to each RAS laboratory. They work as a committee

coordinated by the RAS Quality Assurance Coordinator. Their accivities

include the following:

S monitor the QA/QC activities of the laboratory area,

S inform the Director of Analytical Services and the QA coor-

dinator of QC problems and needs.

summarize, document, and report quality control activities

and data generated in the laboratory,
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provide documentation of all QC procedures in the laboratory,

maintains summaries of QC activities and data in a form
suitable for client review upon request.

2.0 Quality Control for Laboratory Analyses

RadlaIl Analytical Services has developed and implemented quality

control procedures for all of the anal7ses performed in the laboratory. The

laboratory quality control program provides an effective and efficient laboracory

protocol for QC regardless of the size or scope of the analytical requirements.

Approved analytical methods are used whenever available. When approved methods

are not available, a method is developed by the Radian technical staff, and

a technical note written describing the method. The quality control procedures

are designed to insure that the standard operating procedures and quality coricrol

protocols are being followed and accurate results are obtained.

The general quality control program utilized in each laboratory

Includes consideration of the following areas:

personnel training and certification,

analytical methodology documentation,

sample handling and control,

laboratory facilities and equipment,

calibration and standards,

data handling and doc.mientation,

quality control check samples,

The general approach to quality control in each of these areas

is discussed in the remainder of this section.
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2.1 Personnel Training and Certification

The successful implementation of any QA/QC program is determined

by the training and dedication of the laboratory personnel. The quality and

consistency of data should be independent of the analyst. With the proper

training and supervision, an analyst will be able to obtain quality data by

the use of proven methodology. Periodic assessment of training requirements

and certification are performed to maintain a high level of laboratory aware-

ness.

The training and certification methods employed in the RAS laboratories

are briefly described below:

study of laboratory standard operating procedures,

study of QA manual,

observation of experienced operators/analysts,

study of operating manuals,

instruction by the laboratory manager on all aspects of the

analysis,

perform the analysis under the direct supervision of the

laboratory manager,

perfonn analysis under supervision of experienced personnel,

analysis of blind QC samples prepared by Laboratory QC coor-

dinator,

participation in in-house seminars on laboratory methods and

procedures.
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PERSONNEL TRAINING RECORD

Employee

Employee 1umber

Date of Employment

Laboratory Orientation:

Upon completion of each phase of personnel training the employee-
and Laboratory Manager will initial and date the step coinpleted.

The RAS laboratory Standard Operating Procedures have
been read and understood.

Figure 2-1.

Employee Lab Mgr. Date

The RAS Quality Assurance manual has been read and
the procedures for the laboratory in which the employee
worker have been explained.

Employee Lab Mgr. Date

Operation manuals for instruments with which the
employee performs analyses have been studied and
the procedures for operation and maintenance are
understood.

tnstri.znent Employee Lab Mr. Date Instrument Employee Lab Mgr. Date
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Test Specific Training:

Each specific test performed in the RAS laboratories involves
procedures which may be unique. The steps involved in traiaing an employee
are:

Instruction by the Laboratory Manager on all aspects
of the analysis,

Observation of experienced operators/analysts,

Perform the analysis under supervision of the laboratory
manager,

Perform analysis of QA samples submitted by the QA
coordinator, and

Participation in in-house seminars on laboratory
methods and procedures.

The following table is to be completed by dating and initialing
by the employee and Laboratory Manager upon completion of each step.

Perform the Analysis of
Method Instruction Observation Analysis QA samples Seminars

Figure 2-1. (Cont'd)
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All RAS personnel must complete a quality control training program.

This system includes motivation toward producing data of acceptable quality

and involves "practice work" by new employees. New personnel are made aware

of the quality standards established by RAS and the reasons for those standards.

They are made aware of the various ways of achieving and maintaining quality

data. After an employee has been trained to use a method and the work validated

by the laboratory manager, the employee is certified to perforn'i the analysis.

As these people progress to higher degrees of proficiency, their accomplish-

ments are reviewed and then documented. Documentation of proficiency training

is maintained by the QC Coordinator for each laboratory technician using the

two-page forn'i shown in Figure 2-1.

2.2 Analytical Methodologies

All analytical procedures followed in the RAS laboratories are docu-

mented in a methods manual for the specific laboratory. A set of standard

operating procedures (SOP) has been established for each analysis to insure

consistency. Most methods used are directly from an approved analytical manual,

e.g., EPA methods, APHA Standard Methods for Water and Wastewater, ASTM, etc.

Methodologies may contain the following information

method title,

scope of method,

suunnary of interferences, and applications,

concentration ranges and detection limits,

safety precautions,

required equipment and materials,

standardization directions,

detailed analytical procedure,

calculations, with examples,

reporting method,

precision and accuracy statement,

references.
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2.3 Sample Control and Record Keeping

The Radian Analytical Services Snple Control Center is a controlled

access area. Only employees of the Sample Control Center have access to

sample receiving, sample storage, documentation files, and the computer

terminals. Analysts check out samples under the supervision of the sample

control personnel. All samples are stored in locked storage areas. Sample

tracking is maintained by a computerized laboratory management system and

a sample checkout logbook. The RAS Sacramento laboratory is linked to the

central processing unit of the computer in Austin via a dedicated phone line.

This insures that the laboratories are in constant communication. All sample

information ad data entries can be immediately accessed at either location.

Detailed record keeping and control of samples are essential for

effective laboratory operation. All samples received for analysis in the

Radian Analytical Service laboratories are processed through the Sample and

Analysis Management System (SAN). Radian Corporation's SAM is a software

and hardware system for controlling and handling information for the

analytical laboratory. SAM provides a dynamic, easy-to-use method for

tracking, scheduling, reporting, and laboratory management. The system

has been designed to accoimnodate and promote good laboratory management

practices by providing high visibility of the information laboratory

managers need to make good decisions regarding schedules and priority. The

system is designed around a Data General Mova-IV computer with a 64K-byte

memory. It also includes a 6514-byte disk drive and a line printer with

plotting capabilities. Data is entered via a TEC terminal and CRT. All

data stored on the disk is backed up on magnetic tape to prevent loss in

the event of a system malfunction. The system is designed so that an

individual designated as the principal operator can process the required

paperwork for a large laboratory with little difficulty. The approach

centralizes information input and data retrieval, and provides the mechanism

for organized, up-to-date laboratory performance monitoring.
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SAN maintains complete client information files, generates laboratory

status reports, flags sample analyses which are overdue, accepts analysis

results manually or automatically, and generates reports and invoices.

The Sample Control Center and SA1 have six basic functions:

sample receipt and logging,

sample storage and maintenance of saniple integrity,

laboratory status reporting,

document control,

data compilation and reporting, and

invoicing

In order to assure the integrity of a sample and the accompanying

documentation, a security plan has been established. This plan consists of

three parts:

chain or custody,

secured refrigerated storage, and

document control.

The progression of samples and documentation through the Sample Control Center

and the analytical laboratories is presented in Figure 2-2. Detailed des-

criptions of each sample control function are presented below:

Samples are received from the commercial carrier at Radian's

shipping and receiving facilities by the receiving clerk.

Within one hour of arrival, the samples are accepted by RAS

sample control personnel. -
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Sample Control Center

I
Sample nuisubers assigned
Laboratory designated
Data verified
QA Audit submitted
Labels printed
Work orders printed

SAHPLES RECEIVED

I

Samples to Control
Access Storage Are

)ata entry

Updated work sheet printed

Final data entry
Report printed
(A Audit checked

I

FiiiaI report printed

Print invoice

led

a

Analytical Laboratory

Data sheets to Laboratory Hanager
Work sheets to Laboratory

Analysis performed
Iaily data report by Laboratory

I
A11 tests comp]eted

Final data verified

by Laboratory Hanager

I

Figure 2-2. SAM Laboratory Management System

0
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All shipping containers and security seals, when appropriate,

are inspected for physical damage or evidence of tampering.

The samples are unpacked in the sample receiving area by the

RAS sample custodian. The method of shipment, shipping con-

tamer integrity, condidon of samples, the number of samples!

container, integrity of the security seal, and accompanying

documentation are noted. Sample identification is verified

against custody documents. The enclosed chain-of-custody

forms, Figure 2-3, when required, are completed and filed

with the shipping and receiving doctnnenation. In the event

that peculiarities are noted, the project officer or client

is immediately advised of the irregularity.

Samples are logged into a bound sample logbook, Figure 2-4.

Again, sample identity is verified. All discrepancies are

noted in the logbook.

The handwritten logbook and all documentation are transferred

to the Sample Control Center.

The samples are logged into the SAM system. Each batch of

samples is assigned a consecutive work order number by the

system. Analytical requirements for each sample are entered

into the computer.

Hard copy of the work order and other information is printed

and filed with the received documentation in the Sample Control

Center.

Labels are printed and secured to each sample. Label infor-

mation includes sample number, identification, storage loc-

ation, and analytical requirements.
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COPOR*YION

CHAIN OF CUSTODY RECORD

FI.d Sample No

Company SampedIAddress
Sample Point D.scrfption

Stream Charactensdcs:
Temperature Flow pH

VIsu& Observations! Comments

Coilectors Name Date/Tim. Samp'ed
Amount of Samp'e Coliected
Sample Description
Store at: Ambient 0 5°C 0 - 10C Oth.r

Caution No more samp'e availab'e Return unused portion of sample Discard unused portions

Other Instructions Sp.cia Handling. Hazards

Hazardous samp. (see be'ow) Non4iazardous samp'e

Toxic Skin irritant Flammable (FPc 40C)
Pyrophorlc 0 Lachrymator Shock sensitive
Acidic BloogicaI Carcinogenic suspect
Caustic Peroxide Radioactive
Other

Samp'e Allocation!Chain of Possession:
Organization Name
Received By Date Received Time
Transported By Lab Sample No.
Comments
Inclusive Dates of Possession

Organization Name
Received By Date Received Time

Transported By Lab Sample No

Comments
Inclusive DateS of Possession

Organization Name
Rec&ved By Date Received Time

Transported By Lab Sample No
Comments
Inclusive Dates of Possession

Figure 2-3. Chain or Custody P.ecord
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Company Quoted $ Contact
Facility Sample $ Received

Misc $ Date Due
Rep Total $ Samples

Phone mv by (CPR)______ Keep for
Report 7. Surcharge Keep til

to 7. Disc: All______ Disp (RD)

/1 Reports 11 Invoices
Attn

mv
to

Attn
P.O. #

Expires

Work ID
Taken
Trans
Type

Condition
Comments:

Location:

Figure 2-4. Sample Log Sheet

G-60
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Data sheets and work sheets are printed for each batch of samples

and distributed to the appropriate laboratory managers. The

work sheets list sample numbers, sample identification, storage

location, and analytical requirements. Data sheets are for

results and contain only the parameters to be determined by a

given laboratory.

S Following sample logging, the samples are placed in the desig-

nated locked storage area.

Subsequent sample custody is documented and all transactions

witnessed by sample control personnel.

I The analyst retrieves the samples from the Sample Control Center

by sample number and storage location.

The Sample checkout log (Figure 2-5) is completed by the analyst,

noting the laboratory to which the sample is being removed.

S After analysis, or when the required aliquot is removed, the

sample is returned to the Sample Control Center and return is

noted in the sample checkout log.

S The sample is returned to the designated storage location.

When requested, addition chain-of-custody documentation can be

provided using a SAN-generated document (Figure 2-6). This

document can be retained by satnple control to provide a more

easily retrievable record of sample custody within the analytical

laboratory.

The sample is stored until the assigned time or written permission

is given to either properly dispose of or reurr the sample to

the client.
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RAS SA}IPLE CUECK OUT LOG

Figure 2-5. Sample Checkout Log

I I I

iS/196
(Water and
Prep. Labs)

iS / 194

(Extraction
& Water Labs)

iS / 180

(ILCP and AA

Labs)

7S/191

(TOX, TOC)

iS/195
(Technician)

iS/ill

(CC)

1JRK ORDER SPLITS REMOVED
ChECK-OuT INFORMATION RETURN INFORHATION

DATE TIME DESTINATION INITIALS DATE TIME INITIALS



PAQE I Ana1tica1 Serv CHAIN OF CUSTUDY LAB # 83-02-Mi
RCVD: 02/2h/83 DIJE 03/19/83 04/21/83 09: 5h: 49 KEEP 05/09/83 DISP U

DASH SAMPLE IDENTIFICATION LOCATION TESTS

02A Number 002

02B Number 002

Ref 2

Ref 2

ACFS

ICP_40

03A Super soil Ref 2 1 ANFS

04A Boiler scale 222 Ref 2 CA_E CL_TA CO3_A FE_E HCO3_A HO_E NA_E
P_E 604_NA S_E ZN_E

05A Sample AVS6 Shelf 13 I B_MET C_MET

06A Water *164 Ref. 023 AO_E AS_HA A_E CD_E CR_E FE_E HG_CA
I IIN_E NAE PB_GA SE_HA

06U Water *t64 Ref. 023 I CL_TA F_SIEA MHO_A NO3_A PHA 604_NA TDS_A
C)

c 06C Water *164 Ref. 023 : HIRCRA P1RCRA

OW Water *164 Ref. 023 I ALPHA BETA RATOT

RECEIVED BY DATE RETURNED TO DATE FRACTION NUMBERS.

FIgure 2-6. I.aborilEory Chain of Custody

01A-B Number 001 Ref 2 CAUSTY CO3A HARD B HCO3_A MHOA ONO_A PHA
PO4_li 603_TA TANNIN
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All docuuientacion, including shipping documencs, field sampling

documents, computer-generaced log sheets, chain-of-cuscody

forms, laboratory daca sheets, final compucer reports, and ocher

documents, are inaincained in the sample concrol area. All

reports are kept in locked filing cabinecs. As with the sample

storage area, the document storage area is limiced-access.

All scorage areas are ichin the Sample Concrol Cancer and are

locked when noc in use. Access Co che scorage area is limited to sample concro].

personnel or other RAS employees accompanied by sample concrol personnel. There

are four scorage locations chac are used depending on the sample and che required

analyses. They are:

0 ambient scorage for samples chat do noc require refrigeracion,

4°C storage for mosc samples requiring water quality analysis

and extraccable organics,

4°C storage for samples requiring volacile organic analysis, and

-20°C scorage for excraccs and samples chac require freezing.

A cemperacure log is inaincained co nionicor che cold storage facilicies.

2.4 Laboracory Facilicies and Equiptnenc

A clean well-lighced, and well maincained laboracory is essencial

for accurace analytical resulcs. Each laboratory is well-lighced, air

condicioned and equipped with chemical fume hoods. Inscruzencacion thac may

emit noxious odors is venced excernally.
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use of lJltrex acids in trace metal digestion,

cleaning of organic glassware wi.th chromic acid or firing in

a kiln at 450°C,

cleaning of trace metal glassware with nitric acid,

use of organic-free water prepared at Radian by distillation

over alkaline permanganate under nitrogen atomsphere in all-

glass still,

use of volatile-free water prepared by purging organic-free

water with nitrogen,

sample preparation performed by experienced technical personnel

under the supervision of senior level analysts.

2.5 Quality Control for Standards and Calibration

The quality of all test results is greatly impacted by the cali-

bration procedures used. Calibration procedures and standards should be

specified for all equipment and supplies used in the test procedure

Traceability to common standards is essential for test procedures to be used

in multiple laboratories. Quality control procedures for standards and

calibrations include the following considerations:

written, detailed calibration instructions,

preparation procedures for secondary standards, when applicable,

requirements for frequency of calibration,

recordkeeping of all calibrations and standards used,
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quality conro1 charts for recording results from multiple

calibrations,

evaluation of internal standards, and

tolerances for calibration requirements.

All calibration standards are prepared from NBS-traceable, EPA certified,

or primary standard materials. Daily logs are maintained to monitor instru-

ment response to a jven standard.

Quality Control Test Samples

Routine quality control samples to be analyzed concurrently with

client samples are a significant portion of the RAS laboratory quality con-

trol programs. The purpose of these checks is twofold: 1) to assure that

samples being analyzed satisfy predetermined standards of accuracy, and 2)

to measure nd document achieved levels of accuracy and precision.

There are many different types of quality control samples which

could be used for these purposes. The correct combination of these will

depend on the complexity of the test method and the desired degree of

accuracy. The following quality control parameters are enera1 considera-

tions for Radian's quality control for test methods.

Interferences

The analytical results of a test method might be affected by

interferences from the 1assware, solvents, reagents, or the sample matrix.

Blank samples which are subjected to conditions similar to samples being

analyzed are used to evaluate the purity of laboratory reagents. The fre-

quency of blank analysis is method dependent. For example, a laboratory or

field blank is analyzed after each CC/MS volatile organic analysis with high

levels for any of the pollutants. Ten percent of the samples from a

G-6 7



AN

given sample batch are spiked with a known standard. Spike recovery data

are calculated to determine matrix interference.

Prec ision

The precision or repeatability of a test method is required for

proper interpretation and weighting of the data. Replicate samples or

standards are used to determine the precision on a regular basis. The

precision of multiple analyses are compared against predetermined precision

limits to determine their acceptability. The precision is usually reported

as a standard deviation or repeatability statistic and often depends on the

concentration of the parameters analyzed. Replicate analyses are defined

as separate digestions or extractions of the same sample, when possible.

The percentage difference or range between replicate analyses is also used

to monitor precision.

Reproducibility

The reproducibility of a test method refers to the repeatability

over a period of time. How well will analytical results repeated a month

later agree with today's results? Reproducibility can be measured by the

repeated analysis of samples from a previous time period or by analysis by

more than one laboratory or laboratory technician.

Qualitative Specificity

In the analysis of complex sample matrices containing multiple

components, the use of a single method can lead to misidentification of

compounds. The misidentification can be detected by repeated analysis of

standards containing the compounds of interest or by independent analysis by

a more specific method. For example, mass spectral confirmation can be used

to evaluate misidentificatiot problems in the CC laboratory.
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2.6 Documentation and Data Handling

Documentation of methods, procedures, and results is an essential

aspect of a QA/QC progra.

Adequate documentation is required for an instrument maintenance

system. RAS laboratories use an individual logbook, which is kept at each

instrument, to record all calibration and maintenance activities. This

logbook gives a chronology of that instrumentts installation, operation,

calibrations, maintenance, malfunction, and repairs. An accompanying binder

includes all pertinent manufacturing information, service manuals, and

similar reference materials.

Directions for calibrations and maintenance, along with appropriate

forms and checklists, are maintained in a manual accompanying the logbook.

The directions specify the required frequency for calibrations and main-

tenance, the tolerances for calibrations, and the action to be taken when

calibration requirements are not met.

In this system, there is a single source for reference purposes as

well as record keeping. All the instrument logbooks are reviewed periodically

by he quality assurance coordinator and laboratory manager. A record of these

logbook checks is maintained by the QA coordinator.

Work sheets have been developed to insure consistent laboratory

data entry for most parameters determined in the laboratories. These sheets

are designed to organize the data in a clear and logical manner, and to

simplify calculations. The work sheets are divided into various sections

including a section for reporting calibration standards and blank values

and a section for plotting calibration curves. These work sheets are usually

a standard data entry form which the laboratory technician enters in his/her

bound lab notebook. When automated calibration is not applicable, electronic

calculators are available in the laboratories to generate calibration curves

by the method of least squates. Thus errors in reading calibration curves

and calculating data are minimized. After an analysis
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is completed and a data sheet filled out, the laboratory manager checks the

data for completeness and approves the data sheet. After the data have been

entered into the SAM system, an updated data sheet is issued to the laboratory

manager. When the work is complete, a preliminary report is printed and

distributed to the contributing laboratory managers for the final data check

and approval. A final report is printed, certified by the laboratory manager,

and forwarded to the client.

Proper documentation of quality assurance and quality control

activities is an essential requirement. Documentation is needed to demonstrate

that quality control activities were completed as scheduled and to communicate

the results of the QC tests to laboratory managers and clients. Documentation

of QA results is required to provide feedback for improvement of quality

control programs.

Quality control documentation should be tely in order for feed-

back to occur. Daily reporting to laboratory managers is mandatory. Fortns

are designed to organize the QC data in a clear and logical manner, and to

simplify calculations. Control charts are another excellent tool for sunmiarizing

quality control test results.

As part of Radian's QA audit progrn weekly reports summarizing

audit results in the laboratories are prepared and distributed to QC

coordinators.

3.0 Quality Assurance Audits

The quality assurance audit program of the RAS laboratories is

conducted by the RAS QA Coordinator in conjunction with the corporate QA

Director. The program consists of the following:

QA standards are prepared using EPA certified standards, NES

standards, primary standard materials, and NBS-traceable

compounds. All standards preparations are recorded in the QA

Sample logbook (Figure 3-1).
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QA type

Prep date

Standard source

Sample matrix

Parameters

Prepared by
Verified by

Figure 3-1. Standards preparation logbook
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Prep method (cont)

Calculations

Figure 3-1. (Cant.)
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An inventory of stock standards is maintained within the

limits of published stability data. This decreases the time

required for daily standard preparation.

Duplicate samples are requested from clients. These are blind

to the laboratory and the client is not billed for the duplicate

Blind QA samples are submitted through the Sample Control

Center to all laboratories. The parameters and concentration

levels are selected by the RAS Quality Assurance Coordinator.

Laboratory managers submit, via a "QA Alett Form" (Figure 3-2 ).

a list of the types of QA samples needed the following week.

This insures that the parameters with which there have been

problems are included in the sample.

Monthly reports are issued from the RAS QA Coordinator (Fig. 3-3).

These are submitted to the corporate QA Director, laboratory

managers and Director of RAS. Managers are notified immediately

of major problems with the results of analysis of a QA sample.

The results of the program are summarized on a quarterly basis

for Radian's management.

In addition to the continuous audit program, provisions for third

party review are made with each client's work. Radian Analytical Services

welcomes onsite audits, performance samples, and independent evaluations.
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QA ALERT FORM

QA standard for the week of

NPOES RCRA metals pesticide
Form A water anions OC OP
Form B water herbicide

metals
Form C water

metals
organics

TOC TO X

Matrix requirements:

Concentrati on requi renients:

S.ecial Standards/Instructions rndividual Parameters

EPA 601 624
602 625

B/N Acids A/N

MSVOA GCVOA_

Pca

Figure 3-2. QA alert form
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ANALYTICAL SERVICES
MONTHLY QA REPORT

QA prep report for the month of

Certified Analyzed Date
Order No. Lab Parameter Value Value Recovery Reported

Figure 3-3. Monthly QA Report
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3.1 Data Review and Validation

All analysis results are entered into the SAN computer system.

Following completion of the analyses, a preliminary report is printed and

returned to the appropriate laboratory manager for review and validation. A

final report is printed after the certification by the manager. This report

is signed and approved by the laboratory manager before being forwarded to

the client. The following diagram (FIg. 3-4) illustrates the data flow for

a typical sample analysis.

Upon completion of the analysis and before the final data are issued,

he results of the QA audit samples are compared to the certified values.

These results are plotted on control charts. Separate control charts ar

maintained for each analysis. If results are outside the accepted control

limits, the analytical results are held until the problem is resolved.

3.2 Control Charts

Quality control charts are maintained for both accuracy and pre-

cision. Both charts are structured as shown in Figure 3-5. The main portions

of the chart are the center line and the two control limits. The center line

is the 100% or total recovery/total agreement of analytical results. The

upper and lower control limits are calculated from historical data.

Control charts for accuracy are constructed as follows:

Precent recovery of standards (PST):

analyzed value

ST
= 100 x certified value
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Figure 3-5. Control Chart
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Percent recovery of spikes in samples (Pgp):

analyzed value - background value
P5p - 100 x

spike

From a set of analyses, the average percent recovery (F):

a

il
n

The standard deviation for percent recovery (SR):

-un /n \2/
i) P Pj) /nj1l i.1

n-1

The upper and lower control limits are therefore

UCL + 3S R

LCL P - 3S
R

An analysis is out of control when either of the two conditions apply:

Any results outside the control limits

Seven successive results on the same side of the control line.

Control charts for precision are also constructed. Precision is a

function of the concentration range of the analyte. The closer the result

is t the analytical detection limit, the more imprecise the data become

on a percentage scale. Figure 3-6 illustrates the relationship between

detection limit and precision for a typical methodology. Because of this

concentration dependence, precision control charts need to be developed for

specific concentration ranges for each analyte. For duplicate samples A and B,

the ratio of the values of A and B are plotted.
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1u1tiple of detection limit (DL)

Figure 3-6. Relationship between Detection Limit and Precision
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3.3 Concurrent Review

Upon review of analytical results of QA audit samples, the QA

Coordinator will schedule a meeting with the laboratory manager if there

are any Cests out of concrol or which are deviant from an expected precision,'

accuracy norm. The purpose of this meeting is to:

review raw data and determine if there is an

explanation for the deviance.

outline analyses of quality control and/or quality

assurance samples to further define the problem

and its solution.

establish a schedule for monitoring the analysis

after a solution is implemented, to assure that the

problem does not recur.

Involvement of the laboratory manager in the problem assessment and solution

is essential to a mutual cotmytittment to a quality analytical laboratory.
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RADIANCOSOATION
CHAIN OF CUSTODY RECORD

3S'C -
SO,OJ' L7O8/O

F1.id Sempi. No

Company Sampled !Address "F'

Sampi. Point Description JO74. /t
Stream Characteristics:
T.mp.ratur. FlOW

Visual Obs.rvatlonslComments

Hazardous sample (see belOw)

Toxic
o Pyrophorlc
o AcIdic
o CaustIc
O Other - \7LCi
Sample Allocation IChain at Possession:
Organization Name

H- 3

pH

Collector's Nam. /- fV 4d-' D.t.!Tlm.Sampledø'///f1 /Y/1
Amount of Sample Collected
Sample Description
Store at: 0 AmbIent 0 s.c )-ioc 0 Other

No more sample avaIlable 0 Return unusid portIon of sample 0 DIscard unused portions

Other Instructions- SpecIal Handling- Hazards '4"('
(__,c' --

j. , 722

0 Non-hazardous sample

Peroxide . / 0 Radioactive

/ 'I t7

Received By Date Received Time

Transported By Lab Sample No.

Comments
Inclusive Dates of Possession

OrganizatIon Name
Received By Date ReceIved Time

Transported By Lab Sample No.

Comments
InclusIve Dates of Possession

Organization Name
Received By Date Received Time

Transported By Lab Sample No.
Comments
Inclusive Dates of Possession

o Skin irritant o flammable (FP< 40°C)

o Lachrymator o Shock sensitive

o BIological o Carcinogenic suspect



Collecto?s Name PPrii bYu S DateITlme Sampled 1/14 /t'i
Amount ol Sample Collected
Sample Description c OIL
Store at: 0 AmbIent 0 5°C - 10°C 0 Other

Cautlon . No more sample avaIlable 0 Return unused portion of sample 0 DIscard unused portions

Other Instructions . Special Handling. Hazards .4A? +L '?1 F OA C, IL ji ii & £ TOT'L.*&lc i1.r cp roxic,rc'

XHazardous sample (see below) 0 Non4iazardous sample

Sample Allocation!Chali 431 Possession:
Organization Name -
Received By 1A ( ti'(J Date Received Time
Transported8y LabSampleNo.
Comments
Inclusive Dates of Possession

Organization Name
Received By Date Received Time
Transported By Lab Sample No
Comments
Inclusive Dates of Possession

Organization Name
Received By Date Received Time
Transported By Lab Sample Ho
Comments
Inclusive Dates of Possession

H-4

RADIANCOPOR*TION 130 303 A/J,O
CHAIN OF CUSTODY RECORD 35031i -

FisId Simple No yço IZ

Company Sampl.d!Addr.0 (-j ctu f L/ ,4pj
Simple Point Description Al fMJi n#i A .5 /7I 13

Stream Characteristics: Al/n
Temperature FlOW pH
Visual OburvatlonslCommnts

o Toxic O Skin irritant O Flammable (FP< 40°C)
o Pyrophoric o Lachrymator o Shock sensitive
o AcIdic O Blologcal O Carcinogenic suspect
o Caustic o Peroxide o RadiOactive
O Other



RADIANCoOU*?$ON
CHAIN OF CUSTODY RECOflD

Company Sampl.d!Addreas
Sampi. Point Description

Stream Charact.ilstics:
Temperature
Visual Obs.rvaflonslComments

Row ,\-/&. c1s

Collector's Name T7- Dat.ITim. Sampled 7'
Amount of Sample Collected
Sample DescriptIon
Stor, at: 0 Ambient 0 5°C 10°C 0 Other

LZaution . No more sample available 0 Retur unused portIon of sample 0 Discard unused portions

Sample Allocation IChaip ? Possession:
Organization Name kiS
Received By 2" XX'Ct < . (A Date Received

Transported By -i et - çY \ Lab Sample No.

Comments '

Inclusive Dates of Possession

Organization Name
Received By Date Received Time

Transported By Lab Sample No.

Comments
Inclusive Dates of Possession

Organization Name
Received By Date Received Time

Transported By Lab Sample No.

Comments
Inclusive Dates of Possession

H-5

Field Sample No

lime

0th. Instructions Special Handling Hazard
fl,

L3azardous sample (see below) 0 Nonhazardous sample

Toxic o Skin irritant o Flammable (FP< 40°C)

o Pyrophoiic o Lachrymator o Shock sensitive

o Acidic o BIological O Carcinogenic . suspect

o Caustic o Peroxide O Radioactive

O Other



Collector's Name AAW " J Dat.lTime Sampled
Amount of Sample Collected
Sample Description I
Store at: 0 AmbIent 0 5°C 1O°C 00th.,

Con - No more sample available 0 Return unused portion of sample 0 Discard unused portions

Other InstructIons - Special Handling . Hazards

tl.414Øous sample (see below) 0 Nonhazardous sample

EI-Tic 0 Skin irritant 0 Flammable (FP< 40°C)

0 Pyrophoric 0 Lachrymator 0 Shock sensitive

0 Acidic 0 Biological 0 CarcinogeniC . suspect

0 Caustic 0 Peroxide 0 RadIoactive

0 Other

Sample Allocation IChak of Possession:
Organization Name ('(A ''
Received By j ti(A Date Received "2 Time

Transported By ) Lab Sample No.
Comments
inclusive Dates of Possession

Organization Name
Received By Date Received Time

Transported By Lab Sample No

Comments
inclusive Dates of Possession

Organization Name
Received By Date Received Time

Transported By Lab Sample No
Comments
inclusive Dates of Possession

H- 6
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Fi.ld Sample No.

Company Sampl.dlAddresa (i/VS 14) ei2JL ,4f1
Sample Point D.scrlption S 4' / )
Stream Characteristics:
Temperature 7 ROW pH

Visual Observationelcommenta
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COSPO*TION

CHAIN OF CUSTODY RECORD
SQ -ok3,

Field Sample No

Company Sampl.dlAddr.0 CtSw e22 A----.z

Sample Point Description i9 Ivi'ii.öp ¶/4) io.4 /' )''i /'F
Stream Characteristics:
Temperature FlOW. pH

Visual Obs.rvationslcomments

Collector's Name -Mt-ckc- /1kJ F'ia-A DateITlme sampled_//; /i ()

Amount of Sample Collected
Sample Description
Store at: 0 AmbIent 0 5C 10C 0 Other

CCautlon . Na more sample available 0 Return unused portion of sample 0 DIscard unused portions

Other tnstructlons Special Handling Hazards

Hazardous sample (see below) 0 Non-hazardous sample

Xoxic 0 Skin irritant 0 Flammable (FP< 40°C)

o Pyrophoric 0 Lachrymator 0 Shock sensitive

o AcidIc 0 BIological 0 CarcinogenIc - suspect

o Caustic 0 Peroxide 0 Radioactive

o Other

Sample Allocation! Chain of Possession:
Organization Name k/I
Received By (1) AJ.4>t2 Date Received Time

Transported By Lab Sample No

Comments
Inclusive Dates of Possession

Organization Name
Received By Date Received Time

Transported By Lab Sample No

Comments
Inclusive Dates of Possession

Organization Name
Received By Date Received Time

Transported By Lab Sample No

Comments
Inclusive Dates of Possession
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CHAIN OF CUSTODY RECORD

Field Sample No

Company Sampled !Address /1//fi ?7'
Sample Point Description 4',' cz, /Z /- a
Stream Characteristics:
Temperature Flow pH
Visual Observations IComments

Collectors Name DatelTime Sampled /( ? -
Amount of Sample Collected
Sample Description
Store at: 0 Ambient °C 0 - 10°C 0 Other

ution . No more sample available 0 Return unused portion of sample 0 Discard unused portions

Other Instructions . Special Handling. Hazards

jo.
o Pyrophoric
o AcidiC
O Caustic
O Other

Sample Allocation 1Chai f Possession:
Organization Name k/'
Received By _/,. . '.-' L.

'azardous sample (see below) 0 Nonhazardous sample

o Skin irritant 0 Flammable (FP< 4OaC)
o Lachrymator 0 Shock sensitive
o Biological 0 Carcinogenic . suspect
0 Peroxide 0 Radioactive

/,IY

11-8

Date Received - Time
Transported By - t

f
( Lab Sample No. - I

Comments
Inclusive Dates of Possession

Organization Name
Received By Date Received Time
Transported By Lab Sample No.
Comments
Inclusive Dates of Possession

Organization Name
Received By Date Received Time
Transported By Lab Sample No.
Comments
Inclusive Dates of Possession



- RADIANCORQ*TION
CHAIN OF CUSTODY RECORD

Fl.ld Sample No.

H- 9

J5o
Company Sampl.dlAddress CAç>tM,' ie cx
Sample Point Description , S A). I , j,fY* I

f)c3, i ) F o , )' 'i'- ', , ) M

stream Characterlstics
Temperature Pow pH

Visual ObssrvationslComments

Coli.ctor's Nam.L .rtIl1 ( Oat.ITlme Sampled I -I'I-5
Amount of Sample Collect
Sample Description Sn
Store at: 0 Ambient 5°C 0 10°C 0 Other

Caution . No more sample available 0 Return unused portion of sample 0 Discard unused portions

Other instructions . Special Handling Hazards

Hazardous sample (see below) 0 Nonhazardous sample

Toxic 0 Skin irritant 0 Flammable (FP< 40°C)
o Pyrophoric\ 0 Lachrymator 0 Shock sensitive
o Acidic \ 0 BIological 0 Carcinogenic suspect
o Caustic 0 Peroxide 0 Radioactive
O Other T?
Sample Aliocatlon / Chainqi Possession:
Organization Name H
Received By '\ Date Received. iT.. ' Time -
Transported By L IK\ L.ab Sample No.

Comments
Inclusive Dates of Possession

Organization Name
Received By Date Received Time

Transported By Lab Sample No.

Comments
inclusive Dates of Possession

Organization Name
Received By Date Received Time

Transported By Lab Sample No

Comments
Inclusive Dates of Possession





RADIANCUO*?ION
CHMN OF CUSTODY RECORD

(-g5-G1. -.
G.i

F1&d Sample No

company Sampl.dlAddr.ss C
$amplePolntDeecviptlon 1t )b)(
Strum Characteristics:
Temperature Flow pH

Visual Observations lCommerits

Collector's Name Oatefllm. Sampled I -

Amount of Sampl. Collected
Sample Description N
Store at: 0 Aniblent S.0 0 - 10°C 0 Other

- Caution No more sample avaIlable 0 Return unused portion of sample 0 DIscard unused portions

Other Instructions . Special Handling. Hazards

- Hazardous sample (see below) 0 Non.hazardous sample

Toxic - 0 Skin irritant 0 Flammable (FP.c 40°C)

o Pyrophoric 0 Lachrymator 0 Shock sensitive

Acidic - 0 BIological 0 CarcinogeniC suspect

o Caustic 0 Peroxide 0 RadIoactive

O Other

Sample Allocation I Chain of Possession:
Organization Name / -
Received By ' Date Received Time

Transported By / Lab Sample No.
Comments
Inclusive Dates of Possession

Organization Name
Received By Date Received Time

Transported By Lab Sample No.

Comments
inclusive Dates of Possession

Organization Name
Received By Date Received Time

Transported By Lab Sample No.
Comments
Inclusive Dates of Possession

H-il



Stream Characteristics:
Temperature Flow
Visual Obs.rvatlonslComments

1 1)pH 2j

Collector's Name Dat.ITlme Sampled
Amount of Sample Collected
Sample Description
Store at: 0 Ambient 5°C 0 - 10°C 0 Other

Caution -No more sample available 0 Return unused portion at sample 0 Discard unused portions

Other Instructions . Special Handling. Hazards

Sample Allocation lChain of Possession:
Organization Name -
Received By tL1tiL\ Date Received Time

Transported By - \
LabSampleNo. L L-7

Comments
Inclusive Dates of Possession

Organization Name
Received By Date Received Time

Transported By Lab Sample No.

Comments
inclusive Dates of Possession

Organization Name
Received By Date Received Time

Transported By Lab Sample No.

Comments
Inclusive Dates of Possession
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RADIANCNOTION
CHAIN OF CUSTODY RECORD 35' o8:U

Field Sample No

company Sampled IAddress Cc.s\\ t\' 11X
Sample Point DescriptIon I / 2) C

Hazardous sample (see below) 0 Non-hazardous sampie

Toxic i? r r4
0 Skin irritant 0 Flammable (FP< 40°C)

o Pyrophoric 0 Lachrymator o Shock sensitive

lAcidic treri 0 Biological 0 Carcinogenic - suspect

o Caustic o Peroxide o RadioactIve

O Other



Company Sampl.dlAddrsas
Sample Point Description I 1 ft) '-I

Stream Characteristici:
Temperature Row pH

Visual ObservatlønslComm.nts

Collector's Nam. CA Dat.lTlme Sampled /

Amount of Sample Collected
Sample DescriptIon
Store at: 0 Amblent 5C 0 - 10°C 0 Other

Cautlon- No more sample available 0 Return unused portIon of sample 0 DIscard unused portions

Other Instructions . Special Handling Hazards

Hazardous sample (see below) 0 Nonhazardous sample

.Toxlc jiA__ 0 Skin irritant 0 Flammabie(FP< 40°C)

o Pyrophoric 0 Lachrymator 0 Shock sensitive

Acidic 0 BIological 0 CarcinogeniC suspect

o CaustIc 0 Peroxide 0 Radioactive

o Other

Sample Aflocatlon !Chain of Possession:
Organization Name -,
Received By L IL' Date Received Time

Transported By Lab Sample No. I /

Comments
Inclusive Dates of Possession

Organization Name
Received By Date Received Time

Transported By Lab Sample No.

Comments
Inclusive Dates of Possession

Organization Name
Received By Date Received Time

Transported By Lab Sample No.

Comments
Inclusive Dates of Possession
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RADIANCOPOATION
CHAIN OF CUSTODY RECORD

Fl.ld Sample No.

Company Sampl.dlAddr.ss CtiA\\ I\)
SampliPointOscdptlon j3

7
Stream CharacteristIcs:
Temperature FlOW pH

Visual Obsirvatlons!Commnts

Coflectors Name Dat&Tlm. Sampled L -). 85
Amount of Sample Collected
Sample Description .S c

Store at: 0 Ambient 5C 0 - 10C 0 Other

2!'Cautlon - No more sample available 0 Return unused portion of sample 0 Discard unused portIons

Other instructIons . Special HandlIng. Hazards

+lazardous sample (sac blow 0 P4onhazardous sample

s-Toxic ,-QA. c4kin irritant 0 Flammable (FP< 40°C)

0 Pyrophorlc 0 Lachrymator 0 Shock sensitive

0 Acidic 0 Biological 0 CarcinogenIc suspect

0 Caustic 0 Peroxide 0 RadIoactive

0 Other

Sample AllocationlChainof Possession:
Organization Name
Received By Date Received Time

Transported By 'I ' Lab Sample No. !

Comments
Inclusive Dates of Possession

OrganizatIon Name
ReceIved By Date Received Time

Transported By Lab Sample No.

Comments
Inclusive Dates of Possession

Organization Name
Received By Date Recewed Time

Transported By Lab Sample No

Comments
Inclusive Dates of Possession
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Collectors Name Datellime Sampled /(fl c O 9 3o
Amount of Sample Collected
Sampl.D.scrtpUon (r.I,g,,.. iplo.cc2 LkVOAJ I SCO..t iciJs...

Store at: Q Ambient ,ft.5.0 0 - 10C 0 Other

Caution . No more sample available 0 Return unused portion of sample 0 Discard unused portions

Other instructions Special Handling. Hazards

Hazardous sample (see below)

Toxic 1cSSM1 IF
0 Pyrophoric
0 Acidic
0 Caustic
0 Other

Sample Aliocation/Chaifl of Possession:
Organization Name -.
Received By - ;J.4 k(

o Skin irritant
o LachrymatOr
o Biological
o Peroxide

0 Non-hazardous sample

0 Flammable (FP< 40°C)
0 Shock sensitive
0 Carcinogenic suspect
0 Radioactive

Date Received ' ) Time

L.abSampleNo *(; /f- tTransported By I Y
Comments
Inclusive Dates of Possession

Organization Name

Received By Date Received lime

Transported By Lab Sample No

Comments
inclusIve Dates of Possession

Organization Name
Received By Date Received Timi
Transported By Lab Sample No.

Comments
Inclusive Dates of Possession

H-15

RADIAN N5-O' 10
CHAIN OF CUSTODY RECORD

Fl.ld Sample No

Company S.mpl.dAddr.as CLi5&'t 4F
Sample Point D.scrlptlon 't 4
Stream Charecteristics: Ic -Temperature Flow pH ? (
Visual Obssr.atlonslCommsnts



RADIANcow.a*v,Ou
CHAIN OF CUSTODY RECORD

IIazardous sample (see biow) 0 Non-hazardous sample

Field Sample No.

Company Sampl.dlAddr.as i dii AP
Sample Point Description

Stream Characteristics:
Temperature Ii Flow pH '
Visual ObservatlonslComm.nts

GIJ5rOtuJI

Collector's Name D.t.lTIm.Sampled 2/S/S'S 1/0/)
Amount of Sample Collected
SampleDescrlption hi \
Store at: C Ambient 5°C 0 -10°C d Other

Caution . No more sample available 0 Return unused portion of sample 0 DIscard unused portions

Other Instructions . Special Handling Hazards

Sample Allocation IChain of Possession:
Organization Name - -

Received By (CA Date Received (.) Time Ct
Transported By Lab Sample No. -:)(

Comments
Inclusive Dates of Possession

Organization Name
Recelv*d By Date Received Time

Transported By Lab Sample No.

Comments
Inclusive Dates of Possession

Organization Name
Received By Date Received Time

Transported By Lab Sample No.
Comments
Inclusive Dates of Possession

11-16

Toxici4c5vMI- tP O Skin irritant o Flammable (FP 40°C)

o Pyrophoric o Lachrymator o Shock sensitive

o Acidic o Biological o CarcinogeniC - suspect

o Caustic o Peroxide o Radioactive

O Other



RADIANCOSPO*?0N
CHAIN OF CUSTODY RECORD

Field Sample No

Company Sampl.dlAddress 4f 13
Sample Point Description

Stream CharacteristIcs:
Temperature ( C Flow pH '

Visual Observations IComments

Collectors Name )4/ .T c DateITime sampled z/J-ç -. / V3o
Amount ol Sample Coll,ct.d - - 00

Sample DescriptIon X VO4
Store at: 0 Ambient ,5C 0 - 10C 0 Other

Caution - No more sample available 0 Return unused portion of sample 0 Discard unused portions

Other InstructIons . Special HandlIng - Hazards

Hazardous sample (see below) 0 Non-hazardous sample

Toxic - 2 1 P 0 Skin irritant 0 Flammable (FP< 40°C)

o Pyrophorlc 0 Lachrymator 0 Shock sensitive

o AcIdic 0 BiologIcal 0 CarcinogenIc . suspect

o Caustic 0 Peroxide 0 Radioactive

O Other

Sample AllocatlonlChau of Possession: -
Organization Name -
Received By T( J1\&(i.hI,\ Date Received .' Time

Transported By 1'. i'V' ' LabSampleNo.
Comments
Inclusive Dates 01 Possession

Organization Name
Received By Date Received Time

Transported By Lab sample No
Comments
inclusive Dates of Possession

Organization Name
Received By Date Received Time

Transported By Lab Sample No.

Comments
inclusive Dates of Possession

H-i 7

4L



RADIANCO.OR*TION

Company Sampl.dlAddress
Sample Point Description

Hazardous sample (see below)

&Toxic 4J tf pv*i
o Pyrophoric
o Acidic
o Caustic
O Other

CHAIN OF CUSTODY RECORD

&AI8
Stream Characteristics:
Temperature I Flow pH 7.
Visual Obeervatlons!Commnts

Collector's Name D ) 4 Dat.!Tim. S mpled I S' 3

AmountofSampleCollecced ELY) £c u-e x VOA
Sampl. Description
Store at: 0 Ambi.nt &C 0 - 1O'C 0 Other

Caution No more sample available 0 Return unused portion of sample 0 Discard unused portions

Other Instructions . Special Handling - Hazards

o Skin irritant
o Lachrymator
o Biological
o Peroxide

H- 18

0 Non-hazardous sample

Field Sample No.AJ - -o 9i3

Sample Allocatlon!Chalnof Possession:
Organization Name If\7
Received By 'iU Xi t' Li\ Date Received TLJ Time

Transported By / it .' \ Lab Sample No. - (.-
- (

Comments
Inclusive Dates of Possession

Organization Name
Received By Date Received lime
Transported By Lab Sample No.

Comments
Inclusive Dates of Possession

Organization Name
Received By Date Received Time

Transported By Lab Sample No.
Comments
Inclusive Dates of Possession

-( 95

o Flammable (FP< 40°C)
O Shock sensitive
o Carcinogenic . suspect
O Radioactive



RADIAN
COR.O_*?1ON

Company S.mpl.dlAddr.0 ii1?/ A-Fg
Sample Point Description

Stream Characteristics: / 7.O
Temperature -' Flow pH

Visual ObservatlonslComm.nts

Collector's Name _1ik Dat.ITim. Sampled /
Amount of Sample Collected
Sample Description 1? I csJ
Stor, at: 0 Ambient 0 - 10°C 0 Other

Caution No more sampl. available 0 Return unused portion of sample 0 Discard unused portions

bther Instructions Special Handling Hazards

CHAIN OF CUSTODY RECORD
GAJ-$s -Q'i13

FI.ld Sample No
Lf.

I(Hazardous sample (see below) 0 Nonhuardous sample

,-Toxic 4s.i_4 - tRf 0 Skin irritant 0 Flammable (FP< 40°C)

o Pyrophoric 0 Lachrymator 0 Shock sensitive

o Acidic 0 Biological 0 Carcinogenic . suspect

O Caustic 0 Peroxide 0 Radioactive

O Other

Sample Allocatlon!Chalp of Possession:
Organization Name /
Received By t /AAiiL' Cl. . Date Received - Time

Transported By iAf. Lab Sampie No. {> (7
Comments
Inclusive Dates of Possession

Organization Name
Received By Date Received Time

Transported By Lab Sample No.

Comments
Inclusive Dates of Possession

Organization Name
Received By Date Received Time

Transported By Lab Sample No

Comments
Inclusive Dates of Possession

H-i 9





RADIAN
CORPOR?ION

Stream Characteristics:
Temp.ratw. Row

CHAIN OF CUSTODY RECORD
6fl-L

Field Sample No.

Company Sampl.dlAddreu ()1 F ,Fg
Sample Point Description

pH

Visual Obsuvationsl Comments

Collectors Name t& Dat.ITim. Sampled _ [ 0
Amount of Sampi. Collected
Sample oescriptionk J 2
Store at: 0 Ambiint 0 - 10°C 0 Other

71.
Caution . No more sampl. available 0 Return unused portion of sample 0 DIscard unused portIons

Other Instructions . Sp.clal Handling- Hazards

Sample Allocation IChain of Possession:
Organization Name Y5 -
Received By U / C Date Received "2 Time

Transported By - r/,.. '( LabSampieNo ---
Comments
Inclusive Dates of Possession

Organization Name
Received By Date Received Time

Transported By Lab Sample No

Comments
Inclusive Dates of Possession

Organization Name
Received By Date Received Time

Transported By Lab Sample No
Comments
Inclusive Dates of Possession -

H- 21

J4azardous sample (see below) 0 Non.hazardous sample

Toxic vJ - O Skin irritant o Flammable(FP< 400C)

o Pyrophoric o Lachrymator o Shock sensitive

o Acidic O Biological O Carcinogenic suspect

o Caustic O Peroxide o Radioactive

o Other



RADIAN GN-5-OH2 -
6N-S 3I

CHAIN OF CUSTODY RECORD -
FleIdSampleNo tC) C

Company SampiedAddre*s G43WQ
Sample Point Description ik 3oo' i ?Y.Snv% )X lotc SciO" kA LY"VOc.

Lj.KVO
Stream Characteristics:
Temperature Flow pH

Visual ObservatlonslComm.nts

Hazardous sample (see below) 0 Non-hazardous sample

4oxic cL'..i fr\t&,I D'yZrfr\ 0 Skin irritant
o Pyrophoric 0 Lachrymator
o AcidIc 0 Biological
o Caustic 0 Peroxide
O Other

Sample Allocation I Chainof Possession:
Organization Name (L3 '2 -
Received By L'(,;\ Date Received Time

Transported By ' "- Lab Sample No. -- '
Comments \..___ )
Inclusive Dates of Possession

Organization Name
Received By Date Received Time

Transported By Lab Sample No

Comments - -

Inclusive Dates of Possession

Organization Name
Received By Date Received Time

Transported By Lab Sample No.
Comments
Inclusive Dates of Possession

H-2 2

Collectors Nam. 'ttk G04AC,5s 't Date !Tlme Sampled -4o
Amount of Sample Collected
Sample Description I¼iSç& jt. L

Store at: 0 Ambient 5C 0 10°C 0 Other

Caution . No more sample available 0 Return unused portion of sample 0 Discard unused portions

Other instructions Special Handling - Hazards

o Flammable (FP< 40°C)
o Shock sensitive
o Carcinogenic suspect
o Radioactive





RADIANCOOR*YION
CHAIN OF CUSTODY RECORD

Field Sample No - A, 5

Company Sampled/Address Ca..cs,.j_\
Sample Point Description " c .pc.

ksOu-c...Stream Characteristics:
Temp.rature Flow pH

VIsual ObservationalComments

G,'J-5-o'10
G79V7

Collectors Nami C fl'4i\ 1)M Date/Time Sampled
Amount of Sample Collect
Sample Description LM eli
Store at: 0 AmbIent 5C 0 - 10C 0 Other

) Caution No more sampl, available 0 Return unused portion of sample 0 Discard unused portions

Other InstructIons Special Handling Hazards

Sample Allocation/Chain of Possession:
Organization Name 1' '

Received By 2t& 1 Date Received / " Time - -

Transported By ( i'1 /\. Lab Sample No.
Comments
Inclusive Dates of Possession

Organization Name
Received By Date Received
Transported By Lab Sample No.
Comments
Inclusive Dates of Possession

Organization Name
Received By
Transported By Lab Sample No.
Comments
Inclusive Dates of Possession

H-24

Time

Hazardous sample (see below) 0 Non.hazardous sample

joxic-4 JI_ o Skin irritant O Flammable (FP< 40°C)
o Pyrophoric o Lachrymator O Shock sensitive
o Acidic o Biological O Carcinogenic suspect
o Caustic o Peroxide O Radioactive
o Other

Date Received Time



RADIANCOOR*TION
CHAIN OF CUSTODY RECORD

Gi'J-5--o'925

_OJj
Field Sampie No. (j 1 I

Collector's Name '/ 1'i 4G Date/Time Sampled '785
Amount of Sample Collected
Sample Description 1M'S (t4h\
Store at: 0 AmbIent 5'C 0 - 10°C 0 Other

,)&Caution . No more sampl. available 0 Return unused portion of sample 0 Discard unused portions

Other Instructions . Special Handling Hazards

14azardous sample se. below)

Toxic Ctf jII
O Pyrophoric
o Acidic
o Caustic
O Other

Sample AIIocation/Chn of Possession:
Organization Name
Received By
Transported By -

Comments
inclusive Dates of Possession

Organization Name
Received By

Transported By
Comments
inclusive Dates of Poss.sson

Organization Name
Received By

Transported By Lab Sample No
Comments
Inclusive Dates ol Possession

H- 25

.' i___ yI-, ( -

Date Received '-' Time - -.

Lab Sample No. -Tjv::(j 2\( t-f-')

0 Non-hazardous sample

O Skin Irritant O Flammable (FP 40°C)

o Lachrymator o Shock sensitive
o Biological O Carcinogenic . suspect

o Peroxide o Radioactive

Company Sampled IAddrssa VJ't
Sampi. Point Description C .. ..

Stream Characteristics: ISA k'$
Temperature Flow pH

Visual ObsirationsIComments

TimeDate Received

Date Received Time

Lab Sample No.



RIAN
CORPON*TIQN

CHAIN OF CUSTODY RECORD

,Hazardous sample (see below) 0 Nonbazardous sample

Toxic &,I'? '$kin irritant
o Pyrophoric 0 Lachrymator
o Acidic 0 Biological
O Caustic 0 Peroxide
o Other

Sample Allocation lChai of Possession:
Oroanization Name i Y

Received By - 7) Date Received -' Time / -

Transported By (X Lab Sample No. ''-'
Comments
Inclusive Dates of Possession

Organization Name
Received By Date Received Time

Transported By Lab Sample No.

Comments
Inclusive Dates of Possession

Organization Name
Received By - Date Received Time

Transported By Lab Sample No.
Comments
Inclusive Dates of Possession

H- 26

GM45- cfi3
&'4-&5-

Field Sample No
('i /

Company Sampled IAddr.ss
Sample Point Description lP 3'$6.\ k1 1i lLj

, S pksbc .cVaA

Stream Characteristics:
i2ik - c $)0t3rP4jAS) .. .-si o

Temperature Row PH

Visual Observations lComments

Collector's Name ' L/ b\ ( Date/Time Sampled .-'i
Amount of Sample Collected
Sample Description ('''S (pt\\
Store at: 0 Ambient 5'C 0 - 10C 0 Other

Caution . No more sampl. available 0 Return unused portIon of sample 0 Discard unused portIons

Other Instructions Special Handling . Hazards

o Flammable (FP< 40°C)
O Shock sensitive
O Carcinogenic . suspect
o Radioactive



RDIAHC00R*TIOM
CHAIN OF CUSTODY RECORD

Company SampI.dAddr.0
Sample Point Description

Stream Characteristics:

Field Sample No

H-2 7

\
Temperature Flow pH -

Visual ObservatlonslComments

Collector's Name -L-/ k.(- Date/Time Sampled -
Amount of Sample Collected
Sample DescriptIon #-\
Store at: C Ambient .51C 0 - 10°C 0 Other

.Caution No more sample available 0 Return unused portion of sample 0 DIscard unused portIons

Other InstructIons . Special Handling. Hazards

Hazardous sample (see below) 0 Non.hazardous sample

,Toxic c%4,T_ 0 Skin irritant 0 Flammable (FP< 40°C)
o Pyrophonc 0 Lachrymator 0 Shock sensitive
O Acidic 0 BIological 0 Carcinogenic suspect
C Caustic C Peroxide C Radioactive

DOther_.

Sample Allocation/Chain of Possession:
Organization Name
Received By ' Y ."t '(4I Date Received 9 '' Time

Transported By 44 \4 \ Lab SampleNo.
Comments
Inclusive Dates of Possession

Organization Name
Received By Date Received Time

Transported By Lab Sample No.
Comments
Inclusive Dates of Possession

Organization Name
Received By Date Received Time

Transported By Lab Sample No
Comments
Inclusive Dates of Possession -



RADIANCOPO*V,ON
CHAIN OF CUSTODY RECORD

FieldSampleNo (IJ
Company Sampled/Address Cs1..t\
Sample Point Description Ic...- t$(Vi \1t5s 1.t. Vbr

Stream Characteristics: I S6 n-C 't- 'a* \c,S cc
Temperature FloW pM

Visual Obs.rv.tlonalCommenis

Collectors Name Z,( -/1\& Date/Time Sampled 2
Amount of Sample Collected
Sample Description J'S \ \
Store at: 0 Ambient 5C 0 10°C 0 Other

Caution - No more sample available 0 Return unused portion of sample 0 Discard unused portions

Other Instructions - Special Handling Hazards

,ZZHazardous sample (see below)

,Toxic - dj(Y.L-)I rj' Skin irritant
o Pyrophoric 0 Lachrymator
o Acidic 0 Biological
o Caustic 0 Peroxide
O Other

Sample Allocation/Chain of Possession:
Organization Name

Received BY 'T.tL Date Received ' Time

Transported By Y Lab Sample No.
Comments
Inclusive Dates of Possession

Organization Name
Received By Date Received Time

Transported By Lab Sample No.

Comments
Inclusive Dates of Possession

Organization Name
Received By Date Received Time

Transported By Lab Sample No.
Comments
Inclusive Dates of Possession

11-28

0 Non-hazardous sample

01 as-ô cj3.
O132.

O Flammable (FP< 40°C)
o Shock sensitive
O Carcinogenic - suspect
o Radioactive



Company Sampled/Address
Sample Point Description

Stream Charact.rlstics:
Temperature Flow pH

Visual Obs.n,ationslComm,nts

Collector's Name L-AJ Date/Time Sampled 2/i /g;-
Amount of Sample Collected 1/14 i'i4-b
Sample Description
Store at: 0 Ambient X5'C 0 - 10°C 0 Other

Caution . No more sampl. available 0 Return unused portion of sample 0 DIscard unused portions

Other Instructions . Special Handling Hazards

Hazardous sample (see below) 0 Nonhazardous sample

O Toxic
o Pyrophoric
O Acidic
O Caustic
O Other 1%'i ie,°
Sample Allocation/Chain of Possession:
Organization Name
Received By 7v1'.'J71/\ Date Received A '- Time

Transported By . 'P( Lab Sample No. I

Comments
Inclusive Dates of Possession

Organization Name
Received By Date Received Time

Transported By Lab Sample No.
Comments
Inclusive Dates of Possession

Organization Name
Received By Date Received Time

Transported By Lab Sample No.
Comments
Inclusive Dates of Possession

,4-p2
Iov

o Skin irritant
o Lachrymator
o Biological
O Peroxide

H- 29

O Flammable (FP. 40°C)
o Shock sensitive
o Carcinogenic . suspect
O Radioactive

RADIANCOO*?ION
CHAIN OF CUSTODY RECORD so 33

Field Sample No





RADIANCOOm?ION

Company Sampled/Address

o Toxic
o Pyrophoric
O Acidic
o Caustic
O Other cr

CHAIN OF CUSTODY RECORD

a44? 4f1
Sample Point Description A it / 7L/(

Stream Characteristics:
Temperature Flow pH

Visual Observations/Comments

Collector's Name Ci -- Date/Time Sampled J/z /gc
Amount of Sample Collected tJeL'U
Sample Description tJa.-Z
Store at: 0 Ambient 5°C 0 - 10°C 0 Other

Caution . No more sample available 0 Return unused portion of sample 0 Discard unused portions

Other Instructions - Special Handling Hazards

)4Hazardous sample (see below) 0 Non-hazardous sample

O Skin irritant
o Lachrymator
o Biological
o Peroxide

Sample Allocation/Chain ol Possession:1-'
Organization Name N -
Received By '1 Date Received 1 Time

Transported By tY 7 LabSampleNo.
Comments
Inclusive Dates of Possession

Organization Name
Received By Date Received Time

Transported By Lab Sample No.

Comments -

Inclusive Dates ot Possession

Organization Name
Received By Date Received Time

Transported By Lab Sample No.
Comments
Inclusive Dates of Possession

H- 3].

Field Sample No

o Flammable (FP< 40°C)
O Shock sensitive
O Carcinogenic . suspect
o Radioactive



RDlAN
CORPQR*T5OIS

CHAIN OF CUSTODY RECORD

Company Sampled/Address
Sample Point Description c.h' I H

Stream Characteristics:
Temperature Flow pH

Visual Observations/Comments

Collecto?s Name /d'f &_- Date/Time Sampled 2/ &j/85'
Amount of Sample Collected
Sample Description
Store at: 0 AmbIent 0 5°C 10°C 0 Other

Caution No more sampie available 0 Return unused portion of sample 0 Discard unused portions

Other Instructions Special Handling - Hazards

o Toxic
o Pyrophoric
o Acidic
o Caustic
O Other

Cat4-Q Mi3

O Skin irritant
o Lachrymator
o Biological
O Peroxide

H- 32

o Flammable(FP< 40°C)
o Shock sensitive
o CarCinogenic suspect
o Radioactive

Sample Allocation ICh inpf Possession:

Organization Name
Received By
Transported By Lab Sampie No.

Comments
Inclusive Dates of Possession

Organization Name
Received By Date Received Time

Transported By Lab Sample No.

Comments
Inclusive Dates of Possession

Date Received Time

Organization Name '7 -
Received By Date Received I Time-
Transported By -' Lab Sample No. L L- cl
Comments
Inclusive Dates of Possession

Hazardous sample (see beiow 0 Non-hazardous sample

Field Sampie No. IdJ 10)



RADIANCOPOTION

Company SampledlAddr.se WF1.L 41F&
Sample Point D.sculptlon N01117"A W,1iS

Stream Charact.iistics:
Temperature Flow pH

Visual Obs.vvatlonslComments

Collector's Name pi7,,Q 4- 4z.é.Xáp#j<. Date/Time Sampled 3

Amount of Sample Collected 41MRr' vc -
Sample DescriptIon 47ffQ
Store at: C Ambient o s.c o 10°C .Qther '

,Caution - No more sample avaIlable 0 Return unused portion of sample 0 Discard unused portions

Other Instructions- Special Handling - Hazards 5/f <flff'T1P .4i9 //L.5 M7 /

0 Hazardous sample (se. below) 0 Non-hazardous sample

-- r-------------- -------- ____
Received By
Transported By 1.

Comments
Inclusive Dates of Possession

Sample A1locatlon/Chai,pt..Possession:
Ornanization Nam. 7. ttL

__ -

CHAIN OF CUSTODY RECORD
2' 5 ff67
3 99

Field Sample No. 3ci q 7j

Date Receive4 Time C

Lab Sample No.

Organization Name
Received By Date Received Time

Transported By Lab Sample No.

Comments
Inclusive Dates of Possession

Organization Name
Received By Date Received Time

Transported By Lab Sample No.

Comments
Inclusive Dates of Possession

H-33

o Toxic O Skin irritant o Flammable (FP< 40°C)

o Pyropho.ic o Lachrymator o Shock sensitive

o Acidic o BIological o Carcinogenic . Suspect

o Caustic O Peroxide o Radioactive

o Other



RADIANCOO*TION
3c'?r7
2rt ?ç7

CHAIN OFCUSTODY RECORD 3Q'?7 2
-oq 'j

FleldSampleNo ifr7q
zro?c-

Company Sampled/Address _/#fl ' £1)I!L( 4F) '1

Sample Point Description I7ft (aLLS

Stream Charecteristics: A//A
Temperature Flow pH
Visual Observations/Comments

Collectors Name P/!7A ,4 raa c Date/Time Sampled
Amount of Sample Collected qiihr 4c, ra.n./ NJ77. /J
Sample Description &TFp
Store at: 0 Ambient 0 5°C 0 - 10°C *Pther '' D(

)(Cautlon . No more sample available 0 Return unused portion of sample 0 DIscard unused portions

Other Instructions - Special Handling Hazards U. PPC Tfl A',47 /'i) d/ fl4.

0 Hazardous sample (see below) 0 Non.hazardous sample

Sample Allocation/Chain of Possession:
Organization Name

Organization Name
Received By Date Received Time
Transported By Lab Sample No.
Comments
Inclusive Dates of Possession -

Organization Name
Received By Date Received Time
Transported By Lab Sample No.
Comments
Inclusive Dates of Possession

H-34

Received By -4 t'' Date Received Time '-
Transported By t 'tht ( Lab Sample No. '- - i '. 7(

Comments
Inclusive Dates of Pososion

O Toxic o Skin irritant o Flammable (FP< 400C)
o Pyrophoric o Lachrymator o Shock sensitive
o Acidic O BIological o Carcinogenic - suspect
o Caustic O Peroxide O Radioactive
O Other



RADIANCORR*?ION
CHAIN OF CUSTODY RECORD

g5-o9
7 O?5Z

Field Sample No co c/c 3

Company Sampl.dlAddr.ss 5 s.iP LI
Sample Point Description /i8/#1 1V2 Lul1 1. c

Stream Characteristics:
Temperature. Flow pH

Visual ObesrvstlonslComm.nts

Collector's Name ft1TTR 4 b' TEAAJ!LI c DateITlpie Sampieci - g
Amount of Sample Collected 4I1niQT VIM, ll/)(4.Ac7; i-4
Sample Description Li)'TI!
Store at: 0 AmbIent 0 SC 0 - 10°C $Other 4C.

j.aution . No more sample available 0 Return unused portion of sample 0 Discard unused portions

Other Instructions- Special Handling. Hazards SI, /LA.'i nQ OtVJ < i2/

0 Hazardous sample (see below) 0 Non-hazardous sample

Sample Allocation IChaji of Possession:
Organization Name
Received By _(Tj1L2 1A"LL'
Transported By C.1 Lab Sample No ''% C't1 ,

Comments
Inclusive Dates of Possession

Organization Name
Received By Date Received Time

Transported By Lab Sample No
Comments
Inclusive Dates of Possession

Organization Name
Received By Date Received Time

Transported By Lab Sample No
Comments
inclusive Dates of Possession

H- 35

Date Received T" Time CiJ

o Toxic O Skin irritant o Flammable (FP< 40°C)

o Pyrophonc o Lachrymator o Shock sensitive

o Acidic O Biological o Carcinogenic - suspect

o Caustic o Peroxide o Radioactive

O Other



Company SamplsdlAddress (,4SLs)L4
Sample Point Description h

Stream Characteristics: /j/q.
Temperature Flow pH

Visual Obs.rvatlons!Comments

CHAIN OF CUSTODY RECORD

a co 9e 2
3r0963

Field Sample No ,?D 96/
'ro76O

CoHectors Name P$TrA 9- r1qiA c DatelTime Sampled

Amount of Sample Collected /2 rc VOh-S, 4i:. /
Sample Description (i ' ft7Fi
Store at: 0 Ambient C 5°C 0 -10°C Othsr ' "C

Caution No more sample available 0 Return unused portion of sample 0 DIscard unused portions

Other tnstructions Special Handling Hazards U<PP'rvJ Ri /L

O Hazardous sample (see below) 0 Nonhazardous sample

o Toxic 0 Skin irritant 0 Flammable (FP< 40°C)

o Pyrophoric 0 Lachrymator 0 Shock sensitive

o Acidic 0 Biological 0 Carcinogenic . suspect

o Caustic 0 Peroxide 0 Radioactive

O Other

Sample Allocation /Chaingf Possession:
Organization Name
Received By (&'O Jt4(J\ Date Received Time -
Transported By L, 4A. ( Lab Sample No. '?C j

Comments
Inclusive Dates of Possession

Organization Name
Received By Date Received Time

Transported By Lab Sample No.

Comments
inclusive Dates of Possession

Organization Name
Received By Date Received Time

Transported By Lab Sample No

Comments
Inclusive Dates of Possession

H-3 6

RIAt1C0P0*TSON



RADI'1
CHAIN OF CUSTODY RECORD

CompanySampl.dlAddr.ss Cqc,F1/ 4FJ
Sample Point O.scriptlon ili&U/TñA /,1CiJ S

Stream Characteristics: /J/4
Temperature FlOW pH

Visual Observations IComments

Collectors Name PErPa .+ b)e.7-A A i c Datellime Sampled - /.d/J c
Amount of Sample Collected /?/94TS VD'tS1 C */ 7/.v1 7 /2J4, -A
Sample Description V4TEA
Store at: 0 Ambient 0 5C 0 - 10C MOther (OC.

Caution . 1do more sample available 0 Return unused portion of sample 0 Discard unused portions

Other Instructions Special Handling. Hazards

o Hazardous sample (see below) 0 Non.hazardous sample

o Toxic 0 Skin irritant 0 Flammable (FP< 400C)

o Pyrophoric 0 Lachrymator 0 Shock sensitive

o Acidic 0 Biological 0 Carcinogenic suspect

o Caustic 0 Peroxide 0 Radioactive

o Other i',CTP-, iOL /1tTEA #,9L.
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TIIOMâS V. GRINSHAW

EDUCATION:

Ph.D., Geology, University of Texas at Austin, 1976.

M.S., Geology, University of Texas at Austin 1970.

B.S., Geological Engineering, South Dakota School of Mines and Technology,
1967.

EXPERIENCE:

Program Manager, Radian Corporation, Austin TX, 1984-Present.

Division Manager, Policy and Environmental Analysis Division Radian Corpora-
tion, 1982-1984.

Department Read, nviroental Analysis Department, Radian Corporation, 1978-
1982.

Group Leader, Radian Corporation, 1976-1978.

Teaching Assistant, The University of Texas at Austin 1974.

Captain (R&D Coordinator), U.S. Army, 1970-1972.

Geologist, Junior Grade Amoco Production Company, 1969-1970.

Geologic Field Assi8tant, Amoco Production Company, 1967.

Certification: AIPC Certified Professional Geologist No. 4425

FIELDS OF EXPERIENCZ:

As Program Manager at Radian, Dr. Grimshaw has overall responsibility for the
technical fiscal and schedule aepecta of several solid/hazardous wastes
ground-water, and other environmental projects. For these projects, he serves
as the primary point of contact for the clients sponsoring the work.
Dr. Grimshaw ia also responiible for marketing and preparing proposals for
Radian services in a variety of areas including solid/hazardous waste site
investigations, remedial action planning and implementation, ground-water con-
tamination studies, multidisciplinary environmental studies, and reclamation
investigations.

Moat recently, Dr. Grimshaw has served as Program Manager (PM) for solid/haz-
ardous waste disposal investigation8 at seven U.S. Air Force bases in Texas,

12/05/84
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Dr. Grimshav iB PM for a site investigation and reinediation for a pesticide-
contaminated site in Arizona owned by University Financial Investors Corpor8-
tion. This project has included soil sampling and analysis for pesticides,
remedial plan preparation, and presentations to state and EPA regulatory auth-
orities.

Dr. Grimshaw has øerved as Technical Coordinator for over 40 risk aasesament
auxveys for Envirotmiental Impairment Liability CElL) insurance policies. The
purpose of these surveys is to provide EIL insurance underwriters the data
needed for aaeeaaing the riaks involved in providing insurance coverage for
the facilities uzveyed. Dr. Grimaha'v also personally performed six EIL sur-
veys involving facilitiea at more than 30 locations around the country. Theae
facilitiee included a hazardous wa8te landfill, numerous industrial and inunic-
ipal vaatewater treatment plants, a Iunicipal landfill, an aluiinum forging
plant and a casting plant, 8 magnet wire production facility, and ieveral
paper oiillg.

Dr. Grimehaw was Project Director for an investigation of an unpermitted dis-
posal site located near Dallag, Texas. This project, which waa performed for
a major law firm in Dall8s, included extensive waste and soil sampling and
analyais, delineation of epecific sites of di8poaal, and reconinendations for
disposition of the waste materials found. Several, meetings were held with the
regulatory agency, the Texas Department of Water Resources.

In another iuvetigation for the same law firm, Dr. Grimshaw wa Project
Director for 8 soil saupling and analysis and ground-water monitoring project
at 8 PCB dispoaal site. The area of contamination was defined by aurface and
shallow subsurface soil sampling on a modified grid pattern, and two monitor
wells were installed. A recommendation iuvolving soil removal, redepo8iting,
and pavement was made to address the PCB contamination at the site.

For a large program conducted for International Paper Company, Dr. Grimshaw
served as Technical Coordinator for developing Closure Plan8 for impoundments
at wood treatment planta in three states. This program included a full, corn-
pleient of studies to define the existing situation and prepare a plan of re-
medial action for each plant. The initial activity was the sampling and anal-
ySi5 of pond upernatant and aludge, subsoil, and ground water. Bench-scale
9tabilization atudies were performed on the sludge ueing a number of candidate
coimnercial atabilizing coinpounda. Several closure alternative9 were developed
and icreened, and a 8et of alternatives was selected foz inclusion in concep-
tual plans. After the conceptual plans were approved by the client and the
regulatory agencies, a detailed design waa prepared and specifications de-
veloped.

For Tuloma Energiea, Inc., Radian performed a program directed by Dr. Griinshaw
for development of a commercial Bazardous Waste Management Facility in north-
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eastern Oklahoma. During the initial pha8es of this project, a market analy-
018 was performed to determine the souxces at waste that could potentially use
the new facility. Subsequently, a regional screening analy8is was performed
to identify areas moat likely to have auitable sites for the new facility.
This analyii included screening for several factors, including hydrologic,
geologic, topographic, ecologic, and aerometric characteristics as well as
population density. Dr. Grimsbaw assisted Tuloma Energies in coordinating
with the state regulatory agency (Oklahoma Department of Health) during the
initial phases of the project.

Dr. Griashaw was Project Director for two programs for International Paper
Company to e'waluate the potential risk of proposed solid waste managenient
plan8 for paper mills in arkansas and Miesissippi. These programa included
collection of waste, soil, and ground-water swipleg, analysia of the wastes,
and batch extraction of the wastes followed by analysis of the leachates. In
addition, leachate. were generated and attenuated in waete and soil columns to
evaluate the capacity of the subsoil to attenuate any leachate that might es-
cape from the disposal site. A ground-water flow model was used to a8ess the
rate and direction of contaminant Inovenient if contaminants were to reach the
water table.

Dr. Grimshaw wa8 Technical Director fox a generic environmental as8e8sment of
wa8tes from fluidized bed combustion for the U.S. Environmental Protection
Agency (EPA). Emphasis was placed on potential hydrologic impacts. Both lab-
oratory studies and field lysimeter te8ts were conducted in the study. The

objectives were to identify and investigate key variables which determine the
acceptability of FEC waste disposal and to establish a reliable empirical cor-
relation between laboratory and field results so that better conclusions on
field effects can be drawn on the basis of laboratory studies. Since the reg-
ulatory situation for FBC wa8tes was unclear during conduct of the program,
provisions were made for both the eventuality that leachate migration will be
allowed in the substrate below the landfill and that leachate escape will be
controlled by liners. Interactions between leachate and repre8entative dis-
posal media and between leachate and several candidate liner materials were
investigated in laboratory studies.

Dr. Grimshaw was also Technical Director for a program to investigate the
ground-water impact of a spill of a coal-distillate liquid fuel at an SRC-II
(Solvent Refined Coal) pilot plant at Fort Lewis Military Reservation near
Tacoma, Pierce County, Washington. The 8tudy involved detailed coring to
establish the location and extent of unsaturated zone con tamination and de-
signing and constructing a set of ground-water monitoring well8 to define the
extent of ground-water contamination that had occurred. Analytical chemistry
support was provided for Re8ource Conservation and Recovery Act (RCRA) Extrac-
tion Procedure testing of contaminated Boils and for ground-water quality
evaluation. A Remedial Measures Plan was formulated and implemented to remove

12 / 05 / 84
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contaminated material and to prevent the further spread of ground-water con-
tamination. This program involved extensive coordination and interfacing with
the states regulatory auchority (Wa8hington Deparcmenc of Ecology).

In a follow-up program for which Dr. Griinshaw was again Technical Director,
Radian evaluated the overall hydrogeologic impact of the entire SRC plant in
addition to the spill area. This program again involved goil eampling, ex-
traction, and analyajs as well as water quality monitor well installation and
sampling. A zone of contamination was identified, and a comprehensive Reine-
dial Measures Plan waa prepared to address the problem.

In a program for Utah International, Incorporated, Dr. Grimahaw was respon8i
ble for evaluating the implications of RCRA on the company's mining operations
under various regulatory Bcenarioa. Special reference wal made to UI's pro-
posed Springer Mine which is in ?ershing County, Nevada. Several isaues con-
cerning the application of RCBA regulations to metal mines emerged, including
the applicability of the procedure for classifying golid waste as hazardous or
non-hazardous..

Dr. Grimehaw was Technical Director for a project to investigate the environ-
mental feasibility of disposing of flue gas desulfuri.zation (FGD) wastes, ash
and sludge, from a mine mouth power plant by backfilling into the associated
surface mine in northwestern Colorado. lie also had major supervisory and hy-
drogeologic interpretation roles in the second phase of the program, which in-
cluded extensive field studies. These field studies included infiltration
tests of the mine floor and overburden, water balance inve8tigations to esti-
mate ground-water recharge, and emplacement of piezometers to aacertain the
direction of ground-water flow. A major output of this program was a rating
of the variouB parts of the large surface mine in terms of suitability for ash
and sludge disposal.

Dr. Grimshaw was a Task Leader in a program for the EPA ground-water labora-
tory (Robert S. Kerr Enviroiental ftegearch Laboratory) to investigate a tech-
nique for identifying sourceB of nitrate ions in ground waters and soils using
stable nitrogen isotopes. The usefulness of nitrogen isotope ratios for dif-
ferentiating eources of nitrate pollution (Beptic tanks, feedlots, barnyards,
and lands receiving municipal waste waters) wag evaluated. Standard Btatisti-
cal technique. were used to analyze the observed variations in nitrogen iso-
tope value8, with respect to several nitrate-ion sources and various environ-
mental factors.

For a comprehensive environmental assessment for Shell's Milam Mine near Rock-
dale, Texas in Texag, Dr. Grimshaw prepared and conducted an aquifer test pro-
gram. These efforts included design of the pump wells and piezotneters, layout
of the well configuration in the field, oversight of well drilling operations,
conduct of the two pump tests, and interpretation of the results in terms of
the basic aquifer parameters. In another project related to this mine,
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HONORARY AND PROFESSIONAL SOCIETtES:

Sigma Xi, Phi Kappa Phi, Sigma Tau, Sigma Ggnm.ji Epsilon, Geological Society of
America, American Association of Petroleum Geologists, Association of
Engineering Geologists.
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LAWRENCE N. FRENCE

EDUCATION:

M.A., Geological Sciences, University of Texaa at Austin, 1979.

B.S., Geological Sciences, University of California at Riverside, 1975.

EERIENCE:

Senior Geologist, Radian Corporation, 1uatin, TX, 1985-Present.

Staff Geologist, Radian Corporation, Austin, TX, 1979-1984.

Geologist, Sargent and Lundy Engineers, Chicago, IL, 1978-1979.

REGISTRATI0N/CERTIPICATI0N:

Registered Geologi8t No. 3804, California
American In8titute of Profegaional Geologists, CPGS No. 6307

FIELDS OF EXPERIENCE:

At Radian, Mr. French is involved in a variety of hydrogeologic and geologic
studies. His role8 in these studies range from collecting and analyzing hy-
drogeologic data, interpreting and reporting results of investigations, to di-
recting interdisciplinary programa.

A RCRA groundwater detection monitoring program was recently designed by
Mr. French for a hazardous waste management area at a large petroleum refinery
in Illinois. The groundwater program, a component of a Part B application,
provided for sampling and analy8is of groundwater at up-and-down gradient com-
pliance monitoring point3 and specified monitoring parameters.

At Carswell AFB, Texas, Mr. French is directing an investigation to determine
the effect of waste-dispoaal sites on soil, surface water, and groundwater.
The program, part of the nationwide DOD Installation Restoration Program, in-
volves installation of monitor wells, geophyeical surveys, collection and
analy8is of environmental 8amples, and interpretation of data. Recoiiimenda-

tion8 for appropriate future actions will be based on the findings of this in-
veStigation. Mr. French has also been responsible for field activities re-
lated to the USAF In3tallation Re8toration Program at Tinker APE, Oklahoma.
At Tinker, electromagnetica surveys were performed at closed industrial waste
impoundments and monitoring wells were installed near landfills. At England
AFB, Louisiana, Mr. French developed a work plan for the field evaluation of
waste disposal practices at the base.
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Recently Mr. French .erved as Task Leader for the field portion of an environ-
mental audit of a major DOE-owned research facility near San Francisco. This
project involved a detailed look at the regulatory compliance statul of the
facility, which generates, 3tores, transports, and di3poees of a wide variety
of hazardous a8terigls and waltel. The audit, which included contacts with
nearly 1,000 people and visits to dozens of buildings, uncovered a number of
areas needing upgrading in order to achieve regulatory compliance.

Mr. French has also been involved in variou8 aepects of ground-water investi-
gations at several hazardous waite di8posal sites. Re recently erved ae Pro-
ject Director for a study of PCB-containated .oils at an industrial Site in
North Tex&s. The atudy involved eampling and analysis of near-surface soils
to define the extent of PCB contamination. Remedial measures options were
al3o identified. Mr. French also developed a ground-water monitoring plan in
accordance with the Compliance Agreement between the etate and the property
owner. Aa Ground-Water Task Leader, he upervised the installation of moni-
toring wells at an abandoned petroleum products waste dump in Southern Calif-
ornia. He later co-authored a technical report on the occurrence and char-
acter of ground water at the site. Mr. French aleo prepared technical designs
and epecificgtiona for a permanent, post-remedial action ground-water monitor-
ing network.

Aa part of a coinprehenaive hydrogeologic evaluation of a eolvent refined coal
pilot plant i Washington, Mr. French 8upervi$ed the installation of water
quality monitoring wells and conducted pumping tests for the evaluation of
aquifer characterietics. He also supervised soil coring and eaupling efforts
at the eite of process fluid apill. Mr. French also served ae Project Direc-
tor for a pre-closure evaluation of two hazardous waste impoundmente at a wood
treatment plant in Washington. The plant had discharged waetewater containing
creoBote and pentachlorophenol to the unlined impoundmente, which are located
on floodplain sands and gravels of the Columbia River. A eecond site was also
examined in terms of disposal practices and the character and volume of
wastes. ftesulte of the pre-closure survey were ueed for a definition of areas
of concern requiring closure and for the Belection of ground-water monitorixig
parameters based on the character and volume of wastee.

While employed by Sargent and Lundy Engineers, Mr. French was involved in de-
tailed hydrologic and geologic studies for Preliminary and Final Safety Anal-
yai Reports (PSAR and FSAR) for several nuclear power plante. The PSARe and
FSARs involved detailed geologic mapping, inventory of water wells, analyeis
of subaurface flow, and reviews of regional geologic featuree. Mr. French
also analyzed etratigraphic, structural, and hydrologic features at power
plant sites in the Illinois Basin for a coinpreaeed air energy 8torage project.
Mr. French directed an exteneive hydrogeologic and geologic study of potential
sites for a lignite-fired electric generation station in Walker County, Texa8.
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JENNY B. CBAPMAN

EDUCATION:

M.A., Geology, The University of Texas at Austin, Austin, TX, 1984.

B.S., Geology, Sul Rois State University, Alpine, TX, 1981.

EXPZ&IENCE:

Geologist, Radian Corporation, Austin, TX, 1984-Present.

Research Assistant, The University of Texas Bureau of Economic Geology,
Austin, TX, 1982-1984.

FIELDS OF EXPERIENCE.

At Radian, MB. Chapman is involved in hydrogeologic and geologic studies,
especially as they relate to hazardou5 waste contamination. Her responsibili-
tieB range froiii collecting and analyzing hydrogeologic and geologic data and
samples to interpreting and reporting on the results of investigations.

}fs. Chapman recently participated in a field study at Carswell AFB. She
supervised the installation of monitor wells in both alluvial deposits and in
the regional aquifer. Drilling methods used include hollow-stem auger, mud
rotary, and air rotary. She also supervised geophysical crews and partici-
pated in soil and water sampling. She is one of the primary authors of the
project report.

Other recent projects include a study funded by the Electric Power Research
Institute to locate and collect limestone samples for use in experiments con-
cerning stack scrubber systems. In addition to identifying and collecting the
BampleB, Ms. Chapman participated in laboratory grindability and insoluble
reBidue experiments. In another project, she performed field work at the Big
Thicket National Preserve to assess the environmental impact of oil and gas
well drilling. Activities included delineation and mapping of active and non-
active gas and oil well sites as well as damaged areas adjacent to sites.

At the UniverBity of Texas Bureau of Economic Geology, Ms. Chapman wrote and
edited contract reports for the West Texas Waste Isolation Project, studying
the feasibility of storing high-level radioactive waste in Permian salt beds
in the Texas Panhandle. She assisted in hydro- and geochemical research per-
taining to WTWI, especially interpreting chemical analyses of water samples.

Ms. Chapman researched and wrote her master degree thesis on the hydrogeo-
chemistry of the unsaturated zone. Her field work included the use of tenslo-
meters, ly8imeters, and neutron probes (moisture and density). Lab work
included water and soil analysis using atomic absorption spectrophotometer,
titration techniques, Xray diffraction, and thin-section analysis.
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HONORARY & PROFESSIONAL/TECIINICAL SOCIETIES:

Sigma Gnn Epsilon, Alpha Chi.

PUBLICATIONS:

Chapman, J.B., "A Comparison of the Depositional Environmental of the San
Andres Formation in the Palo Duro Basin to Recent Evaporitic Environments,"
The University of Texas at Austin, Bureau of Economic Geology, Open-file
Report OF-VTWI-1984-1, 1984.

Kreitler, CL, J.B. Chapman, and L.P. Knauth, "Chemical and Isotopic
Composition of Waters from the Salina Ocietepec, Baja, California," The
University of Texas at Austin, Bureau of Economic Geology, Open-file Report,
OF-WTWI-1981-41, 1984.

Chapman, J.E.B., "Rydrogeochemistry of a Salt Flat in Hudspeth County, Texas,"
The University of TexaB at Austin, Master's Thesis, 1984.
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JAMES L. MACHIN P. E.

DUCLTtON:

LS., Environmental Uealth Engineering, Civil ngineering Department, Univer'-
sity of Tezae at Auetin, 1980.

LB.A., University of Michigan, Ann Arbor, MI, 1974.

B.S.E., Engineering Princeton 1niversity, Princeton, NJ, 1971.

EXPERIENCE:

Staff Engineer, Radian Corporation, Austin, TX, 1977-Present.

Hydrologist, Texas Department of Water Resources, Austin, TX, 1975-1977.

Manufacturing engineer, Texas Inatrument, Inc., Austin, TX, 1974.

Pipestre.. Analyst, C-E Luus, G.m.b.L, WieBbaden, Germany, 1971-1972.

FIELDS OP EXPERIENCE:

Mr. Macbin ha. pArticipated in and directed a variety of investigations at
Radian. is work baa focused on the areaa oe solid and bazardous waste tan-
ageent, euvironmeutal engineering and waste treatment, and water reBource5
engineering and bydro logy.

Mr. Machin was Project Director of a study to develop guidance for c1ostre and
remedial action at hazardous waste surface impoundments used in the wood
treating induetry in Florida. The complex regional combinations of hydro-
geology, geology, soils, and surface-water hydrology were analyzed. Based on
this analysis, treatment technologie. and costs were developed for disposal of
liquids, sludge, and contaminated soils in the various regions. Mr. Machin
also performed an in-depth analysis of the applicability of biological degra-
dation of theae wastes by specialized bacteria.

For a major industrial cliezit, Mr. Machin prepared a pertuit application in-
cluding operating procedures for a solid waste disposal landfill. On two
other projects, he prepared and costed closure plans for RCRA Part Z permits
for hazardous waste surface impoundments. Re was also involved in the design
and costilig of remedial action6 at a major abandoned hazardous waste disposal
landfill in the densely populated Los AngeleB area.

He also conducted a laboratory wasee treatability evaluatioii. The projecr
involved remedial measures for a hazardous waste site from which leachate con-
taining chlorinated organics had migrated into the local ground water. For
another hazardous waste sire, he designed a stream bottom sedimeiit analysis
program to define extent and severity of waste migration.
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Mr. Machin performed a special analysis involving the reclamation of an aban-
doned hazardous waste disposal site for a proposed industrial facility. The
waste contained residual, low-level radioactivity. A detailed investigation
was made and calculations were performed for estimating the cover requirements
to eliminate the potential health hazards of the site. At another hazardous
waste site, he prepared a design for a permanent, paved cap. The site con-
tained high levels of PCS surface contamination over a large area.

Re was Project Director of a study to design and construct stream gaging sta-
tions and conduct a detailed surface-water field data collection program at a
proposed surface mining sits. Re has been Project Director or Surface-Water
Task Director for several comprehensive environmental assessments of proposed
industrial, mining, and power generation sites in various regions of the
country. These studies involved extensive field work and analyses in the
areas of hydrology; water quality; design and implementation of water, sedi-
ment, and priority pollutant sampling programs; statistical data analysis;
impact analysis; and mathematical modeling. He has also been Task Director on
three sits acceptability studies for proposed Department of Energy coal con-
version facilities in Minnesota, Tennessee, and iCentucky. A major portion of
these studies involved an analysis of the availability of local surface waters
for water supply purposes.

As part of an assessment of the water-quality impacts of disposing of power
plant wastes in a surface mine, Mr. Machin performed a special hydrologic
study. This was done on a reach of the Yampa River in northwestern Colorado
and involved a quantitative analysis of exchanges between the surface-water
and ground-water systems.

For EPA, Mr. Machin served as Project Director for an Environmental Impact
Statement for a proposed sever interceptor in north Carolina. Re participated
in an intensive water quality survey of the affected area which included the
municipal water supply. lie also performed all engineering calculations and
costing analyses for the alternatives under consideration. On another project
for EPA, Mr. Machin performed a study evaluating the impacts of developing
large-scale energy resources in eight western states. This included an analy-
sis of using large quantities of water for coal, oil shale, uranium, and geo-
thermal energy development.

Mr. Machis's work at the Texas Department of Water Resources was primarily
within the areas of engineering and water quality analysis, waste treatment,
and economic evaluations. Re helped design and manage a water quality in-
vestigation for a major water supply reservoir for the City of Houston. Both
point and nonpoint sources were significant, and both structural and non-
structural control measures were evaluated. A portion of the study involved a
cost-benefit analysis of the effects of water quality alterations.

Upon graduation from Michigan Business School, Mr. Macbin was employed by
Texas Instrument's Digital Systems Division. He was responsible for control
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of all of the printed circuit boards and metal fabricated parts used in their
Austin plant.

While at Luu, Mr. Machin was involved in planning and design of industrial
facilities. e was primarily responsible for computer stress analysis of high
and low pressure piping systems.

POflSSIONAI. IJYILIATIONS:

Registered Professional Engineer, Texas No. 53349; American Water Resources
Association; Water Pollution Control Federation; Texas Water Pollution Control
Association.

HONORS:

1976 PA Fellowship for Professional Development of an Agency Employee of the
State of Texas.

PUBLICATIONS:

Machin, J.L. and D.L. Richrnann, "Guidance f or Closure and Remedial Action at
Hazardous Waste Surface ImpoundmentsWood Treatment Industry," Radian Cor-
poration, Austin, TX, January 1984.

French, L.M. and J.L. Mschin, "Cumulative Hydrologic Impact Assessment for
McKinley Mine," Radian Corporation, Austin, TX, January 1986.

Machin, J.L., et al., "Preaurvey, Inflow Study of Wastewater Conveyance Sys-
tern, Kelly AYB, TX," Radian Corporation, Austin, TX, December 1983.

Leonard, LL., et al., "Permit Application Package: Administrative Complete-
ness Review, McKinley Nine, NM," Radian Corporation, Austin, TX, November
1983.

Leonard, R.L., et al., "Western Water Scoping Study," Radian Corporation,
Austin, TX, November 1983.

International Paper Co., Radian Corporation, and Lay Engineering Testing Co.,
R.Jt Permit Application far Uazardous Waste Storage Impoundments at a Treated

Wood Products Plant, Joplin, MO," International Paper Co., Dallas, TX, July
1983.

Machin, J.L. and C.M. Thompson, "Input Information for Ground-Water Modeling
for the International Paper Wood Treatment Facility at Joplin, MO," Radian
Corporation, Austin, TX, June 1983.

Machin, J.L., et al., "Capping of PCB-Affected Soils at
Greenville, TX, Conceptual Design," Radian Corporation,
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James L. Machin

Radian Staff, "Environmental Assessment of Remedial Action Alternatives for
the McCall Site, Fullerton, CA," Radian Corporation, Austin, TX April 1983.

Radian Staff, "Remedial Action Alternatives for the fcCo11 Site, Fullerton,
CA," Radian Corporation, Austin, TX, March 1983.

International Paper Co., Radian Corporation, and Law Engineering Testing Co.,
"Closure Plan for Surface tmpounthnents Regulated Under Louisiana Iazardous
Waste Manageicent Plan," International Paper Co., Dallas, TX, March 1983.

Macbin, J.L., "Surface-Water Hydrology Interim Task eport, Texas Gasifica-
tion Project,'t Radian Corporation, Austin, TX, February 1983.

Machin, J.L., et al., "Adsorption Teating of Contaminated Ground WaCer, Waste
Disposal Engineering, Inc. Landfill Site," Radian Corporation, Austin, TX,
November 1982.

Machin, J.L., "Surface-Water Data Collection Program, Chacon Creek East
Property, Zavala County, Texa3, System Construction Report," Radian Corpora-
tion, Austin, TX, September 1982.

Radian Staffs "Pre-Survey Report for kelly Air Force Base, San Antonio,
Texas," R.adian Corporation, Auatin, TX, Auguat 1982.

Radian Staff, "Environmental Assesmnent of Air Quality, Surface Water, and
Noise Icipact for the Proposed Milaiu fine," Radian Corporation, Austin, TX,
July 1982.

Machin, J.L. and J.C. Lippe, "Surface-Water Baseline Data Collection Program,
Chacon Creek East, Zavala County, Texas, System Design Report," Radian Cor-
poration, Austin, TX, May 1982.

Devine, Michael, et al., "Energy From the West," University of Oklahoma Press,
Norman, OK, 1981.

Radian Staff, "Identification and Environmental Evaluation of Candidate Solid
Waste Disposal Sites for Tn-State Synfuels Project" Radian Corporation,
Austin, TX, October 1981.

Wallae, R.C, et al., "Preliminary Analysis of Impacts from Mine epressur-
ization Discharges of the Milam fine," Radian Corporation, Austin, TX,
September 1981.

Radian Staff, "Compilation of Environmencal Information for Tn-State Synfuels
Project," Tri-Stae Synfuels Company and Radian Corporation, Austin, TX,
September 1981.
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Perino, J.V., et al., "Compilation of Environmental Information for a Proposed
Olefins Complex, Brazoris County, Texas," Radian Corporation, Austin, TX, July
1981.

Beau, G.D., J.L. Machin, and LL. Kelly, "Yield Measurevzents of Environmental
Epacta of Gypsum Pile Radioactivity," Radian Corporation, Austin, TX, June
1981.

Wolterink, T.W., et al., "Preliminary Analysis of Potential Environmental Con-
straints to the RIC/C In-Situ GaBification Project," Radian Corporation,
Austin1 TX, June 1981.

Belan, LA., et al., "Environmental Constraint Screening of 4ine Property and
Surrounding Area3 for Solid Wa3te Disposal Siting near Troup, Texas," Radian
Corporation, Austin, TX, March 1981.

Lippe, J.C., J..L. Macbin, and A.P. Covar, "Preliminary Study of Water Supply
and Dem&nd in Austin, Texas" Radian Corporation, Austin, TX, January 1981.

Ho5kings, T.W., et al., "Review of Altenative Storxnwater Treatment Systems
for the SRC Pilot Plant, Fort Lewis, Waaliington," Radian Corporation, Austin,
TX, December 1980.

Covar, A.P., et al., "Baseline Environmental Studies and Licensing Activities
for a Cement Plant and Quarry in Comal County, Texas," Radian Corporation,
Austin, TX, Noveiber 1980.

Grimsbav, LW., et al., "Preliminary Evaluation of the Bydrologic Impacts of
Utilizing the Trapper Mine for Dispoaal of Wastes from the Craig Station Power
Plant, Moffat County, Colorado," Radian Corporation, Austin, TX, August 1978.

Wolterink, LW., et al., "Environmental A8aessment, Geothernal Direct fleat
Project, Marlin, Texas," U.S. Department of Energy, Washington, DC, August
1980.

Macbin, J.L., et al., "An Analysis of Environmental/Regulatory Considerations
for the Yanti9 Project," Radian Corporation, Austin, TX, August 1980.

French, L.L and J.t. )Iachin, "Water Availability Appraisal for the Proposed
SaC-I Demonstration Plant, Daviess County, Kentucky," Radian Cozporation,
Austin, TX, May 1980.

Machin, J.L. and A.P. Covar, "Floodplain Modeling for Proposed Phillips Ole-
fins Complex, Sweeny, Texas," Radian Corporation, Austin, TX, March 1980.

McCloskey, MR., et al., "Preliminary Culvert Design, Phillips Olefins Com-
plex, Sweeny, Texas," Radian Corporation, Austin, TX, March 1980.
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Jamee L. 11achin

Mgchin, J.L., "Environmental Inventory and Impact Analy8ia, Sparta Mine,
Calhoun County, Arkanaas: Surface-Water Rydrology," aadian Corporation,
Auatin, TX, March 1980.

Grimsh&w, T.W., et al., "Rydrology-Related Regulatory Risk for a Proposed
Lignite Mine in East Texas," Radian Corporation, Austin, TX, Decembet 1979.

Machin, J..L., et al., "Greensboro-Guilford County, North Carolina, Rorsepen
Creek Interceptor (Draft and Final IS),t Radian Corporation, Austin, TX, July
1979.

Machin, J.L., "An Investigation of Surface/Ground-Water Exchanges on the Yampa
River near Craig, Colorado," Radian Corporation, Austin, TX, June 1979.

Sheffield, F.H., J.L. Nachin, and T.W. Grimshaw, "Preliminary Evaluation of
ydrology-Related Regulatory Risk3 for Lignite Mining at the Deadwood-Shiloh

Prospect, Panola County, Texas, and DeSoto Parish, Louisiana, Radian Corpora-
tion, Austin, TX, february 1979.

Radian Corporation and Oklahoma t7niverity Staff, "Energy from the West
Impact Analysis Report Volume II, Site-Specific and Regional Impact Analyses,"
Radian Corporation, Austin, TX, March 1979.

Radian Staff, "An Environmental Report for the Geothermal Direct Utilization
Project at Navarto College and the Navarro County Memorial Rospital,
Corsicana, Teza," Radian Corporation, Austin, TX, May 1979.

Machin, J.L., "Analysis of Radon Daughter and Radiation Problems Associated
with the CAM Company Gypsum Pile, Texas City, Texas," Radian Corporation,
Austin, TX, February 1979.

James, S.N, T.W. Grimshaw, and J.L. Machin, "Evaluation of factors Affecting
the Acceptability of the Proposed Site for the Erie Mining Company Industrial
Fuel Gas Demonstration Plant," Radian Corporation, Austin, TX, August 1978.

Machin, J.L., T.W. Wolterink, and S.N. James, "Evaluation of Factors Affecting
the Acceptability of the Proposed Site for the City of Memphis Medium Bill Coal
Gasification Facility," aadian Corporation, Austin, TX, July 1978.

Grimshav, T.W., J.L. Machin, T.W. Wolterink, and LL. Choffel, "Surface-Water
and Ground-Water Impacts of Selected Energy Development Operations in Eight
Western States," Radian Corporation, Austin, TX, May 1978.

Grim8haw, T.W., J.L. Machin, and L.G. Michel, "An Evaluation of Factors
Affecting Acceptability of the Proposed Site for the Conoco Coal Development
Coal Company Coal Conversion Facility, Noble County, Ohio," Radian Corpora-
tion, Austin, TX, November 1977.
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Macbin, J.L. and T.W. Grimshav, "Investigation of Water Quality Impacts Re-
lated to Development of the Horiepen Creek Baain, Guilford County, North
Carolina" Radian Corporation, AuBtin, TX, October 1977.

Holland, WY., et &I., "Environmental Impact Statement for the Greensboro
Guilford County, North Carolina, 201 Wastewater Treatment System (Draft and
Final ElS)," Radian Corporation, Austin, TX, September 1977.

Macbin, J.L., "An Estimation of Nutrient Sources to an Impoundment: Lake
Livingston on the Trinity River, Texas," Texas Water Quality Board, Austin,
TX, June 1976.
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PETER ALEXANDER WATERREUS

EDUCATION:

B.S., Geology, The University of Texas at San Antonio, San Antonio, TX, 1984.

EXPERIENCE:

Geologist, Radian Corporation, Austin, TX, 1984-Present.

Mud Logger, Precision Well Logging, Houston, TX, 1984.

FIELDS OF EERIENCE:

Mr. Waterreus is currently involved in the inve8tigation and determination of
a JP-4 fuel leak from existing underground pipelines at Bergstrom AFB, Austin,
Texaa. As supervising geologist, activities include safety 5upervision, log-
ging borings, collection of soil samples, in8tallation of monitor wells, col-
lection of water samples, and reporting.

Mr. Waterrue also is currently involved in the inve8tigation of hazardous
waate contamination at Sheppard AFB, Wichita Falls, Texas. As a supervising
geologist, actiuitie8 include safety supervision, logging borings, collection
of soil sample5, installation of monitor well8, collection of water samples,
monitoring poasible types of contamination by use of a photo-ionizer and
drager tubes, and reporting.

Mx. Waterreus was involved in the inve8tigation of environmental impact relat-
ed to gas and oil production in the Big Thicket area of Ea5t Texas. Activi-
ties includes delineation and mapping of active and non-active gas and oil
well site8 as well as damaged areas out8ide the site area.

At Precision Well Logging, he performed analy8es of rock cuttings with respect
to lithology and oil content as well as gas monitoring and identification.

He has also been involved in field mapping and property investigation in
IJvalde County, Texas.

PUBLICATIONS:

Waterreus, PA. and B.A. Wooster, "A Feasibility Study of Inducing Artificial
Recharge to the Edvard9 Aquifer by Diversion of Floodwaters in Uvalde County,
Texas," on record at the Edwards Underground Water District, San Antonio,
Texa8.

HONORARY AND PROFESSIONAL SOCIETIES:

Geologic Society of America.
Association of Ground Water Scientists and Engineers.
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DAVID H. GANCARZ

EDUCATION:

Master of Engineering, Environmental Engineering (Kydrology), University of
Florida, Gainesville, FL, 1984.

Bachelor of Arts (Biology), Grinnell College, Grinnell, IA, 1976.

EXPERIENCE:

Engineer, Radian Corporation, Austin, TX, 1984-Present.

Graduate Research Assistant, Department of Environmental Engineering,
University of Florida, Gainesville, FL, 1983-1984.

Chetniat I, Department of Food Science & Ruan Nutrition, University of
Florida, Gainesville, FL, 1981-1982.

Laboratory Technologiat I, Department of Soil Science and Department of Fruit
Crops, University of Florida, Gainesville, FL, 1977-1981.

Graduate Teaching Assistant, Department of Botany, University of Florida,
Gainesville, FL, 1976-1977.

FIELDS OF EXPERIENCE:

While an engineer at Radian, Mr. Gancarz has been a member of the project team
designing hazardous waate landfarms and providing a8sistance with CRA Part B
permits to eeveral oil companies. lie played a key role in preparing the Fa-
cility Management and Post-Closure portions of these applications.

Mr. Gancarz waa co-author and had a major role in a contract to study and pro-
vide recouinendations for the separation of contaminated from uncontaminated
inflows to a couibined stormvater/industrial waste sewer system on a US Air
Force base. A follow-up eontract to provide a detailed design for this pur-
pose is expected.

He took the lead role in researehing and making recouimendations to a Gulf
Coast cattle feedlot operator for alternative feedlot waste disposal techno-
logiea. The purpose of the study was to provide the operator with the means
to meet federal and state water quality regulations while remaining cost corn
petit ive.

Mr. Gancarz has had extensive experience in the sampling of hazardous waste
contaminated water wells. Re has provided such field support for several USAF
Installation Reatoration Program (IRP) studies.
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A8 a Graduate Research Assistant, Mr. Gancarz was responsible for researching
and writing a thorough literature review of the sourceB, effects, and regula-
tions concerning ambient air flourideB for the Florida Department of Environ-
mental aegulation. A later project under the South West Florida Water Manage-
ment District involved a study of the aurf ace and .ubsurf ace hydrology around
a 150 *D wellfield in central Florida. The focus of the project wag a iDodel-
ing effort using the hydrologic models USPF and PLASM. is graduate research
was an adaptation of the Storage/Treatment block of the widely used urban
stormwater runoff model SWMI4 to microcomputer.

Prior to his return to graduate school, Hr. Gancarz conducted analyses of
pesticide residues in soil and ti8ue aamples for the Institute of Food and
Agricultural ScienceB at the University of Florida. Various phases of this
work involved aainple preparation gas chromatographic analysis, and radio-
isotope tracer techniques. While at the Department of Fruit Crops at the
University of Florida, Mr. Gancarz developed an efficient assay for cellulase
iaozymea in citruB.

PUBLICATIONS:

Machin, J.L., et al., "Storm Sewer Inflow Study--Kelly Air Force Base, Texas,"
Radian Corporation, Auatin, TX, November, 1984.

Gancarz, D.R. and W.C. Huber "The USEPA Storm Water Managetient Model
Storage/Treatment Block for the IBM Personal Computer," Paper presented at the
Storm Water & Water Quality Model Users Group Conference, 1amilton, Ontario,

Canada, September, 1984.

Gancarz, D.H. and J.L. )fachin, "Evaluation of Alternative Feedlot Waste Dis-
posal Technologies," Radian Corporation, Au5tin, TX, July, 1984.

Gancarz, D.H., et al., "Ambient Atmospheric Fluoride Pollution in Florida,"
Report to State of Florida Department of Environmental Regulation, 1983.

Buber, W.C., D.H. Gancarz, and LE. Dickinson, "Apple SWMM, a Possibility?"
Proceedings of Conference on Emerging Computer Techniques in Stormwater Man-
agement, Ontario, Canada, 1983.

Ou, L.T., et al., "Infuence of Soil Temperature and Soil l4oisture on Degrada-
tion and Metabolism of Carbofuran in Soils" Journal of Environmental Qual-

11:293-298, 1982.
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DOUGLAS A. ORR

EDUCATION:

B.S., Chemical Engineering, University of WisconsinMadison Madison, WI,
1984.

EERIENCE:

Chemical Engineers Radian Corporation, Austin, TX, 1985Present.

FIELDS OF EXPERIENCE:

At Radian, Mr. Orr recently joined the Engineering Division and is involved in
the work of the Process Engineering Department.

While in school Mr. Orr was a research assistant for a project with the
University of Wisconsin Water Chemistry Department. Re performed analytical
lab work and gas chromatographic analyses to determine isothems for the
ad8orption of various polychlorinated biphenyl (PCB) compounds onto
part iculates.

RONORARY AND PROFESSIONAL/ThCUNICAL SOCIETIES:

AIChE

Tau Beta Pi

Phi Eta Sigma
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JILL P. ROSSI

EDUCATION:

B.A. Geography, The University of Minnesota at Minneapolis, 1972.

EXflRIENCE:

Geographer, Cartographer, Policy and Environmental Analysis Division, Radian
Corporation, Austin, TX, 1980-Present.

Drafting and Graphics A8siatant, Darn Safety Unit, Texas Departnient of Water
Resource Austin1 TX1 1979-1980.

Cartographer, Continental Map Inc., Austin, TX, 1978-1979.

Teaching A8sistant, University College-Geology, TJniversity of Minnesota at
Minneapolis, 1972.

FIELDS OF EERIENCE:

At Radian, Ms. Rosi is responsible for producing maps and coordinating
graphics for the Environmental Analysis Division. She utilizes data from a
variety of technical discipline8 (geology, hydrology, noise and air monitor-
ing, sociology, soils, and hydrogeology) to create maps which clearly and
concisely illustrate the written text. Ms. &o8si has been responaible for
work in the following projects:

o Develop base ivaps and coordinate graphics throughout an Envi-
ronmental Impact Statement prepared for the U.S. Bureau of Land
Management for a central Texas lignite mine;

o 1evelop color overlay method of mapping for site selection pro-
cess of commercial waste disposal sites in Texas and gouth-
eastern Oklahoma;

o Develop a series of figures used as illustrations in a manual
for the Environmental Protection Agency on Remedial Actions at
Uncontrolled Hazardous Waste Sites;

o Draft taps and coordinate the graphics for an Environmental
Impact Statement for a synfuels plant in Tennessee;

0 Create base and thematic flaps
Restoration Programs (Pha8e I
locations: Kelly AlE, Texas;
Texa8; Cannon AFB, New Mexico
AFB, Oklahoma; and Reese AlE,
Sheppard AFB Texas;

for Air Force Installation
and Phase II) for the following
1ill AFB, Utah; Eergstrom AlE,
England AYE, Louisiana; Tinker

Texas; Carsvell AFB, Texas;
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o Map lime.tone depo5its, lime plants, and limestone quarries in
the United States by county in a 8eries of regional naps for
the Electric Power Research Institute;

o Map coiiipliance/non-compliance with air pollution standard9 for
all counties in the United States in a series of PA regional
maps;

o Map concentrations of selected air pollutants in the El Pa8o,
Texas, area for a Texa5 Air Control Board study in a series of
quarterly and annual reports;

0 Prepare aerial photography history of a wood prefierving plant
for a commercial client which included extensive research of
available aerial photography and interpretation of those photos
to determine historical features of intere5t;

o Prepare complex permitting schedules for propoaed mines, energy
facilitiea, and hazardous waate handling facilities;

o Preparation of baae and thematic mapa for variou9 feasibility
studies, fatal flaw analyses, Environmental Information Docu-
ments, and Environmental Impact Statements;

o Identify, field verify, and ap oil and gas development
feature8 within the Big Thicket National Preserve for the
National Park Service; and

o Research of available map resources, aerial photography, remote
8enaing products, and mapping technologies as required by indi-
vidual client needs.

While with the Texaa Department of Water &eources, Ms. Rossi worked in the
graphics section of the Dam Safety Unit, a federal grant program. She pre-
pared maps and exhibits, and laid Out phototypset text into camera-ready form
according to 8tandarda, developed with her assistance, for the technical
reports written by the engineering section.

During her employment with Continental Map Incorporated, Ms. R058i was in-
volved in all phases of four color map production. These included source
information procurement and classification, imaging of base maps, scribing
plates, cutting specialties, sizing and adhering type, designing customer copy
panels1 indexing streets and points of interest, photo-lab contact reproduc-
ing of base plateB, and the final compositing of the four negative plates to
be sent to the printer. TheBe maps included large metroplex areas, counties,
enlarged downtown gections, and simplified principle city thoroughfares.
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While employed by the Univexsity of Minnesota as a Geology Teaching Assistant,
Ms. Rossi taught geology laboxatory sessions, pxepaxed geology lab voxk mate-
xiala, tutoxed students, and assisted the pofe88os by pepaing classroom
pxesentations and gxading and pxoctoxing exams.
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EDUCATION:

Presently pursuing M.A., Geography (Remote Sensing), The University of Texas
at Austin.

B.S., Geology, The University of Texas at Austin, 1982.

EXPERIENCE:

Cartographer, Research Assistant, Engineering and Environmental Analysis
Division, Radian Corporation, Austin, TX, 1984-Present.

Teaching Assistant, Austin Community College, Austin, TX, 1981-Present.

Lab Research Assistant, Bureau of Economic Geology, Well Sample Core Library
Balcones Research Center, Austin, TX, September-November 1984.

Student Assistant, Department of Geological Sciences, The University of Texas
at Austin, September-December 1982.

Geology Field Assistant, Durango, CO, Suimner 1980.

FIELDS OF EXPERIENCE:

At Radian, Mr. Zonana assists in producing maps, coordinating graphics, and
researching various topics for the Engineering and Environmental Analysis
Division. lie has been responsible for work in the following projects:

o Draft maps of oil and gas development features within the Big
Thicket National Preserve for the National Park Service;

o Draft a series of locator maps for Radian offices in Salt Lake
City, Utah, and Sacramento and Santa Barbara, California;

o Develop a series of figures used as illustrations in a manual
for the Civil Engineering Department of Kelly AFB, Texas for a
Storm Sewer Inflow Study;

KEVIN L. ZONANA

o Create base
Restoration
locations:
New Mexico;
AFB, Texas;

and thematic maps for Air Force Installation
Programs (Phase I and Phase II) for the following
Kelly AFB, Texas; Bergstrom AFB, Texas; Cannon AFB,
Tinker AFB, Oklahoma; Carswell AFB, Texas; Sheppard

o Prepare research material from Texas Air Control Board files
for confidential clients.
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At the Austin Community College Mr. Zonana works as a Geology Teaching
Assistant. He is responsible for preparation, teaching, testing1 and grading
of all lab materials for courses in physical and historical geology.

While with the Bureau of Economic Geology, Mr. Zonana worked in the Well
Sample Core Library where he prepared well core samples for study and
admission to library collection.

As a student assistant to University of Texas geology professors, Mr. Zonana
drafted geologic maps, charts, and illustrations for reports on depositional
systems. He also performed administrative duties in the Geology Graduate
Admissions Office.

As a geology field assistant to Dr. RH. Blodgett of Ohio State University,
Mr. Zonana's duties included all aspects of field work. He was specifically
responsible for measuring and describing stratigraphic sections, and drilling
oriented core samples for paleo magnetic analysis.
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WILLLAN M. LITTLE

EDUCATION:

M.S., Civil Engineering1 University of California, Berkeley, 1974.

M.S., Rydrology, University of Arizona Tucaon 1968.

B.S., Rydrology, University of Arizona, Tucson, 1967.

EXPERIENCE:

Senior Engineer and Group Leader, Radian Corporation, Austin, TX, 1982-
Present.

Senior Engineer, Radian Corporation, Austin, TX, 1978-1982.

Rydrologist, U.S. Army Enviroenta1 Hygiene Agency, 1973-1978.

Research and Technical Operations Officer, U.S. Army Engineer Nuclear Crater-
ing Group, 1969-1971.

Graduate Student in Research, Univer8ity of Arizona, Tucson, 1968.

FIELDS OF EXPERIENCE:

Mr. Little is a Senior Engineer and Group Leader with a major technical spe-
cialty in ground-water pollution studies. Re is currently the Project Direc-
tor for hydrogeologic investigations of multiple waste disposal sites on
Tinker Air Force Base, Oklahoma. Re has recently completed a imi1ar investi-
gation for Kelly All, Texas. The9e investigations include monitoring well
construction, ground-water sampling, and contaminant transport assessment. He
is responsible for program deeign and execution, subcontractor selection, and
managing and editing the final report. Re is also providing technical con-
sulting and expert witnesa services for a hazardous waste site cleanup case in
Kansas City, Miasouri.

Mr. Little has recently completed a hydrogeologic investigation of a Superfund
site in western New York state. The project included monitoring well con-
struction, definition of ground-water flow system, al8egsment of contaminant
transport potential, and presentations to regulatory authorities. Mr. Little
served as Project Director and principal investigator. Ke has also served as
Project Director and field manager for a large, multidisciplinary characteri-
zation of an abandoned hazardous waste disposal site in southern California.
The waste inateriala consist of acid petroleum refinery sludges. Major areas
of inve8tigation were: chemical characterization of wastes and geologic mate-
rials; quantification of sulfur dioxide and hydrocarbon nision; and ground-
water monitoring. Mr. Little was responsible for managing the field opera-
tions and supervising report preparation.
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testing FBC waste diaposal alternatives and for the development of a prelim-
inary waste transport iaodel. He ha also been project director and hydrology
task leader in the evaluation of the enviroental suitability of an aeh/
scrubber sludge diaposal site. He wae reBponeible for the overall management
of the program, evaluated the laboratory and hydrogeologic data and predicted
contaminant iügrstion.

As a hydrologist with the Water Quality Engineering Division, U.S. Army Envi-
roiuiental Hygiene Agency, Mr. Little served aa a consultant to the Office of
the Surgeon General and to major conands and inatallations on hydrologic
aspects of water aupply and wastevater dispoaal. He prepared design criteria
for programs of effluent and receiving water monitoring at Army manufacturing
and research facilitiee, evaluated ground-water pollution potential of waste
disposal practices, and reviewed draft NPDES discharge permits issued to Army
installationa. Re performed preliminary technical feaaibility studies of land
treatment of wastewater including field investigations and trial systems
design. He conducted enviroenta. impact 3tateclent data requirnents review
and prepared and reviewed portions of envirocmental impact statement8. Mr.

Little also managed the Army Medical Department's nationwide Drinking Water
Surveillance Program.

With the Corps of Engineers, Mr. Little was assigned as a Research and Tech-
nical Operations Officer, U.S. Army Engineer Nuclear Cratering Group. There

he conducted a general investigation of hydrologic transport of radionuclides
from Plowshare application sites. This work included literature searches,
computer simulation, experimental de3ign and conceptual modeling of transport
phenomena. He also participated in final preparation of a 1971 Corps of Engi-
neers report on Wastewater Management in the San Francisco Bay Region.

While at the University of Arizona, Mr. Little was a member of the Operations
Research Study Group on the Tucson Basin, gathering background hydrologic
material, and conducting a literature and data file search, lie directed and
participated in preliminary adaptation of a two-dimensional, finite difference
model of a large, heterogeneous ground-water basin.

RONORARY AND PROFESSIONAL SOCIETIES:

American Geophysical Union, American Water Resources Association, National
Water Well. Aasociation, Sigma Xi.

CERTIFICATION:

AIPG Certified Profeional Geological Scientist No. 6468.
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PUBLICATIONS/REPORTS:

Numerous technical reports jn the fields of water resources development,
ground-water contaminant u2igration, occurrence of radionuclidea in ground
water, land treatment feaaibility and receiving water monitoring, including

Little, W.M., et al., "Inetallation Reatoration Program, Phase II - Confirma-
tion/Quantification, Stage 2, Tinker A7B, Oklahoma," adian Corporation, Draft
Report to U.S. Air Force, December 1984.

Little, W.M., et al., "In8tallation Restoration Ptogram, Phase II - Field
Evaluation, Stage 1, Tinker AIB, Oklahoma," Radian Corporation, Draft Final
Report to U.S Air Force, Noiember 1984.

Little, TJ.M., et al., "Installation Reatoratjon Program, Phaae II, Stage 1,
Field Evaluation, Kelly AF'B, Texaa," Radian Corporation, Final Report to U.S.
Air Force, July 1984.

Little, W.M., "Hydrogeologic Investigations, Facet Enterprises, Inc., Elmira,
New York," Radian Corporation Final Report to Facet Enterprises, Inc., Sep-
tember 1983.

Little, W.M., et al., !uMcColl Site Investigation - Phase l, Radian Corpora-
tion Report to the Participants Committee, November 1982.

Little, W.L, et a]., "Environmental Congideratioas and Air Quality Modeling
for the Free8tone County Project," Radi.an Corporation Report to Tenneco Coal
Company, March 1982.

Grimshav, T.W., et al., "Assessment of Fluidized-Bed Combustion Solid Wastes
for Land Disposal," Draft Final Report, Radian Corporation Report to EPA
Industrial Environmental Research Laboratory, December 1982.

Little, W.M., et al., "Enviroental Considerations and Air Quality Modeling
for the Edgewood and Mustang Creek Prospects and Associated Energy Park,"
Radian Corporation Report to Tenneco Coal Company, November 1981.

Little, W.H., et al., "Ground-Water Impact of SRC Pilot Plant Activitie8 Fort
Lewis, Washington," Radian Corporation report to Gulf Mineral Resources Coni-
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1.0 INTRODUCTION

This plan describea the safety and health procedurea and practices
for the accomplishment of IRP Phase II Stage 1 Field Evaluation to be
conducted at Carsvell 08, Texas. All Radian employeea and 8ubcontractors to
Radian will follow this plan unless situations encountered in the field make
change. necesaary. Theae changes must be approved by the Supervising
Geologist.

Major site activitie8 will consist of monitoring well installation
and development followed by collection of water samples.

The prime responsibility for employee safety will rest with: (1)

Radian for it's own employees, (2) Radian subcontractors for their employees
and (3) with other parties whose employee8 will work under Radian's technical
direction.

Radian, it's subcontractors, and other parties participating in
on-eite work, will comply with all applicable requirenents of the Occupational
Safety and Health Administration.

L- 7
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2.0 YIELD ACTIVITIES/TEAM RESPONSIBILITIES

The activities planned for the inve8tigation of Car8well AB are
pre8ented below:

o Performance of geophysical surveys at several wa8te dispo8al
sitea across the Base. These 8urveye do not involve any
disturbance of the land surface.

o Performance of hand augered borings in the vicinity of waste
dispoBal areas and waste affected streame and drainagevays.
The maximum depth of the borings i8 to be ten feet. No wa8te
is expected to be directly encountered. Samples of soil will
be collected as the borehole 18 advanced.

o Drilling eleven boreholes in the vicinity of wa8te storage or
disposal sites using a hollow stem auger drilling rig.

Split spoon 8aples will be collected at regular intervals from
each of the borings.

o In8tallation of twenty-three monitor wells to a maximum depth
of 40 feet using a hollow stem auger drilling rig. Split spoon
samples will be collected as the drilling proceed8.

o Installation of two monitor wells in the Paluxy aquifer will be
made to a maximum depth of 200 feet. An air rotary rig will be
used to accomplish most of the drilling. Samples of soil will
be continuously observed but not collected.

o Collection of surface water Banlples at several locations.

o Collection of ground water samples from the monitor wells.

2.1 Waste De8cription

The type of Waste material that is known to be present on site is
listed below:

o fuels (MOGAS, jP-4);

o solvents (PD-680 type II);

o engine oils and hydraulic fluids;

o wa8te paint cans;

o di8carded batteries; and

o con8truction rubble.

L-8
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2.2 1ey Per8onnel

The Radian persoimel who will be re8ponsjble for the safe operation
of thi8 project are:

o Admini8tration (Torn Grim8haw, Program Manager);

o Supervising Geologist (Larry French, Project Director and
on-site Safety Officer);

o The Drilling Supervisor (8ubcontractor); and

o Corporate Safety Office (Andrew Ellis).

Superyi8jng Geologist (Mr,Larry French)

The Supervi8ing Geologi8t will be responsible for executing the
safety procedures that are described below:

o Locate support facilities in an uncontaminated area.

o Initiate contact with the Base Safety Officer and test the
emergency phone numbers to ensure their accuracy.

o Implement the 8ite safety training program as described in this
plan.

o Ob8erve site activitie8 to ensure the proper use of personal
protective equipment.

o Initiate out8ide emergency phone calls when an injury or

accident require8 medical attenti.on.

o Ensure that work 8chedules , dependent on work levels and
outside temperatures, are set each day and adhered to

throughout the work day.

o En8ure that the field team ob8erve8 the work zone and
decontamination procedures.

o En8ure that safety equipment is maintained in a safe manner.

o Report violation and compliance problems to the Corporate
Safety Office in Austin (512-454-4797 ext. 5763, Andrew Ellis).

Drilling Supervisor (unknown at this time)

o Drilling crew compliance with the health and safety plan.

L- 9
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o Enforcement of corrective action under the direction of the

Superviaing Geologist. Compliance probleina will be brought to
the attention of the Drilling Supervisor who will be expected
to correct the safety ptoblem tbrough a series of reprimands,
eventually resulting in the dismissal of the offending em-
ployee.

Corporate Safety Office

o Prepare a health and safety plan for the project.

o Perform a job safety analysis.

o Select appropriate personal protection equipment.

o Define appropriate workplace exposure monitoring procedures.

o Develop a contamination control program.

o Develop a plan to cope with anticipated emergencies.

o Ensure that the field team has undergone medical monitoring.

Field Team Members

o Read and understand this plan.

o Perform your work safely.

o Report any unsafe condition to your supervisor.

o e aware and alert for signs and symptoms of exposure to site
contaminant8.

L- 10
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3 0 JOB SAFETY ANALYSIS

A preliminary job safety analysis (JSA) haa been performed for each
work function at the site. Additional job 8afety analyse8 will be performed
by the Supervising Geologist to respond to site conditions and work activities
that were not anticipated correctly.

3.1 Geophysical Survey

Geophysical surveys will be performed prior to selecting the

location of well installation points. The surveys will not involve
disturbance of the soile and the primary hazard to employees will be from
contacting the waste material while walking on the Bite. Site survey
personnel should take care to avoid obvious waste areas, and keep shoes and
hands clean. If you or your articles of clothing or equipment become con-
taminated, wash them up with hot soap and water.

Personal Protective Eauipment

o Chemical resi8tant PVC or Neoprene safety boot with steel shank
and toe;

o Safety helmet;

o Safety glasses;

o Long sleeve shirt; and

o Pvc disposable gloves (worti when contact with the waste
material is po88ible).

3.2 Monitor Well Installation

Inatallation of monitor wells using the hollow atem auger rig will
expose the field team to respiratory, skin contact, ingestion and noise
hazards. The personal protective equipment specified below has been selected
to reduce the risk of exposure to site hazards.

Peraonal Protective Equipment

o tyvek coveralls;

o Gauntlet atyle, chemical resistant, neoprene gloves;

o Chical resistant, steel toed, steel shank, safety boots,
(PVC or Neoprene);

o aespirator, full face piece, air purifying, equipped with
organic vapor cartridges and dust filters;
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o Safety helmet; and

o Hearing protectors (rotary drilling rig).

Depending on site conditions and drilling conditions, other items
may be used for supplemental protection. Such items may include;

o Pvc bib overalls and jacket (eBpecially for drillers handling
auger flights that have contacted waste material;

o Reapirator half face piece, air purifying equipped with
organic vapor cartridges and dust filters (used only when there
are no eye irritating chemicals, splasheB, or projectiles in
the work environment) YOU MUST USE EYE PROTECTION WITR HALF
FACE RESPIRATORS;

o Chemical splash goggles when splash hazards exist (steam
cleaning especially); and

o PVC disposable glove8 to be worn outside of the neoprene gloves
for extra protection.

Air rotary drilling techniques will be used to install two of the
monitoring wells. In addition to the hazards mentioned above, the field team
will be exposed to noise hazards while operating the Air notary Drilling Rig.

Based on previous experience with similar operations, hearing
protection will be required for the field team while operating the rotary
drilling rig. Some tips to pay attention to when working around drilling rigs
are given below:

o Always wear the proper personal protection as required by the
safety plan.

o Always wear eye protection while working on Site. Driving pins
in drive chains, handling chemicals, breaking concrete,
hanering or sledging, cutting wires, grinding, and or welding
are all examples of work that is hazardous to your eyes.

o Don't set or drop a heavy object on your foot.

o Use the correct stance when lifting a heavy object.

o Watch out for 8lippery surfaces or objects to trip on.

o Always wear splash goggles when handling chemicals.

o keep your clothing out of spinning rig equipment.

L- 12
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o Alvay get treatment for even the most minor scratch or
abrasion.

o Watch out for swinging equipment. Most drilling equipment viii
break a rib if it hits you.

3.3 Surface and Ground Water Sampling

The sampling team will be expected to contact potentially con-
taminated surface and ground vater vhile they collect samples. This operation
is to be conducted using the following personal protection:

o tyvek coveralls;

o Gauntlet style, chemical resistant, neoprene gloves;

o Chemical resistant, steel toed, steel shank, boots;

o Chemical splash goggles or safety spectaclea vith side shields;
and

o Safety helmet.

3.4 Other Potential Hazards

The site may contain other hazards that are not described above.
The Supervising Geologist will nake an assessment of the site hazards prior to
atarting work and ensure that the field team is protected. Two hazards vhich
may be encountered are:

o heat stres8

o drilling into underground hazard8 (buried drum8, cylinders,
electrical cable8, etc.)

Heat Stres8

During york, the Supervising Geologist must be alert for the Bigns
and symptoma of heat stress. A hazard exiata when employees are required to
york in varm temperatures vhile vearing impervious protective clothing. When
ambient air temperatures at the site exceed 65 degrees F, heat stress may
become a problem. If these conditions are encountered, the following
precautions vill be taken:

o The Supervi8ing Geologist vill regularly monitor the ambient
air temperature;

0 Field team members vill be observed for the folloving signs and
symptoms of heat stres8:

L-13
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- Dizzines8
- Profuae Bweating
- Skin color change
- Increased heart rate
- Abnormal body temperature as measured by fever detectors

(forehead strapa)
- vision problems

Any employee who exhibits any of theae symptolaB will be iiiunediately
renoved from field work and requested to consume 2-4 pints of electrolyte
fluid or cool water every hour while resting in a shaded area. The worker
should not return to work until Bymptoms are no longer recognizable. If the
Bymptoms worsen, seek i.nediate medical attention.

Drilling Into Buried Hazards

During the planning/mobilization phase1 the Supervising Geologist
should consult with baae personnel about the location of utility lines. Prior
to penetrating the soil, aak knowledgeble site employees about the poBsibility
of buried drums or ga cylinders. If drilling cuttings indicate any signs of
druma or cylinders, cease drilling ünediately and close the borehole.

L- 14
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4.0 SAFETY TRAINING

Prior to starting the work1 the Supervising Geologist will conduct a
training session and ensure that each field team member understands his or her
safety reponaibilities.

All personnel asejgned to drilling activities and water sampling
efforts will be inetructed regarding the potential health and safety hazards.
Specifically, the folloving topics will be covered in the initial training
sess.on.

o Potential routes of contact with toxic and or corrosive
materials, excessive noise, or phyøical site hazards.
- kin contact/abøorbtion
- eye contact
- inhalation
- ingeation
- hearing expoeure

o Types, proper uses limitations and maintenance of applicable
protective clothing and equipment.
- safety helmet
- eye protection
- gloves
- safety boots
- tyvek coveralls
- respirators

o Respiratory protection using full face or half face
air purifying respirator equipped with organic vapor cartridges
and duat filters
- fors of respirators: air purifying, air supplied, and

8elf contained
- selection of respiratory protection based on the hazard
- NIOSH certification of all equipment to be used on site
- medical/physical fitnes8 to wear respiratory protection
- uses limitations and maintenance of full and half face

respirators including qualitative fit testing, routine
in5pection, replacement of parts, cleaning, disinfection,
decontamination, and storage requirements.

o Proper decontamination procedures and adherence to work zone
boundaries.

o Reporting of accidents and availability of medical assistance.
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4.1 Potential Routes of Exposure

Field team members can be exposed to a number of hazards on the
site. Based o preliminary information, the following hazarda ad route8 of
exposure are known to be present.

o solvent waste: respiratory hazard, ingestion hazard;

o fuels: respiratory hazard, ingestion hazard;

o discarded batteries: respiratory, eye, skin, explosion hazards;

o waste paint cans: phy8ical hazards (cuts, abrasions);

o construction rubble: physical, eye, body hazards;

o eZCeS3ive noise: auditory hazard; and

o drilling rigs: physical, eye, head, hand hazards.

4.2 Personal Protective Clothing and Equipment

Workers on site will use protective clothing and equipment to reduce
or eliminate the risk of expoaure to the hazards mentioned above. Workers
will be trained in the proper use of such clothing and equipment before
Btarting work.

Clothing

Protective coveralls will reduce the chances of contacting the waste
material. The Tyvek coverall will provide protection against splashes, and
dusts. The coveralls are not to be considered "impervious" and should be
quickly removed upon obvious contamination.

Gloves

Clovee provided for thi8 project will protect the hands from
contacting the waste material. The Gauntlet atyle neoprene glove is used for
handling grossly contaminated equipment and soil samples. The PVC disposable
glove i used for routine site work, and should be considered "light duty"
gloves. The PVC gloves will not provide a high level of protection against
contaminated ground or surface Bamples, and may only be used when the chance
of contact with these materials is unlikely. They should be removed and
disposed of limnediately upon contamination.

Eye Protection

Several levels of eye protection are available for this project.
The full facepiece respirator will provide eye protection against splashes and
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eye irritating gases and mists. Splash goggles will be used when steam
cleaning ectuipment. Every team member will use proper safety glasses while on
site.

Respiratory Protection

The respirators 8elected for this project will provide protection
againet anticipated levels of airborne gaaea, fumes, mists, and dusts. To

ensure that the mask will perform as expected, the respirator must be in-
spected, fit tested, maintained, and 8tored properly, according to company
policy and governmental regulations.

Inspection procedures:

The facepiece (full or half) ehould be free of dust, dirt,

ripe, tears, and obvious contamination. The septa (three in
the half facepiece, one in the full facepiece) should be present
and in good shape, watch for rips or dirt.

it Testing Procedures:

The first step in testing the fit of your respirator is called
the negative pressure test. Block the inhalation valves (on
the side of the maøk) with the hand8 or plastic sheets and
inhale slightly. You should feel the mask draw in on the face.
Watch for air leakage around the facepiece indicating a poor
facial fit. RENZNBER, NO FACLAL RAI THAT INTERFERES WITh ThZ
FIT OF TRE MuSK IS PERMITTED.

The next test (positive pressure test) i8 done by blocking the
exhalation valve (at the bottom of the mask) with the palm of
your hand. Exhale gently and notice for air leaking around the
facepiece of the mask, indicating a poor fit. If air is

leaking out of the mask, retighten the straps and perform the
negative and positive pressure tete again.

The last teat (qualitative testing) involves the use of an
indicating odor that is passed around the mask fitted with
ORGANIC VAPOR CARTRIDGES. The employee will be asked to

position his or her head to the side, up and down to simulate
normal working conditions. The detection of the odor indicates
that the facial seal of the mask is inadequate. If the

employee detects the smell, the trainer i8 allowed to tighten
the straps and adju8t the mask on the employee one time. If

the odor test is unsucesaful twice, another brand of mask
should be fitted.
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Maintenance of Reapirators:

Respirators will be maintained to ensure that they work
properly. Replace any missing part of the mask or strap, clean
the mask with hot soapy water after each use, and do not let
others wear your mask without disinfection first.

Storage of Respirators;

Respirators muat be stored in a clean, safe, dry, environment
(e.g. not near the working area or on the drilling rigs).

Use and limitations of Respirators:

Respirators selected for this project should be used properly
and within the limits for which they were designed. These
air purifying respirators will be useful in concentrations well
below the 1000 ppm filtration limit of the cartridges. Air
monitoring will confirm that airborne contamination does not
exceed the use linitations of the respirator. These masks do
not provide oxygen and should not be used in confined spaces or
oxygen deficient atmospheres.

4.3 Decontamination and Work Zone Procedures

Items that become contaminated must be cleaned up to prevent
employee exposure and the spread of harmful materials. The field team will
also be expected to eøtablish work zones and comply with safety procedures and
dress codes for each particular zone. Section 6 gives a de9cription of the
decontamination procedures that will be used for this project. The following
information will be given to the field team.

o Work zone definition and marking;

o Dress codes for each work zone;

o Decontamination procedures for personnel, equipment, and heavy
equipment.

Exclusion Zone

The exclusion zone is the area inunediately surrounding the work area
where the waste is being disturbed. For Monitor Well installation (hollow
stem and air rotary) the exclusion zone will comprise a circle extending 25
feet around the drilling rig. Proper personal protection consists of hand,
foot, eye, respiratory, body, and head protection as li8ted in Section 3.2.
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Contamination Reduction Zone (CR2)

The contamination reduction zone is the ares where decontamination
will occur. The idea is to h2ve personnel rove contaminants from themselves
and their equipment inside the CRZ. Thie practice will avoid the spread of
contamination into the support area.

Support Zone

The support zone is intended as an area that remains free of

contamination and is used for staging activities, breaks, and eating. It is
extremely important to keep this area clean and free of contamination. Never
bring contaminated eçuipment, articles or yourself into this area without
going through the decontamination procedureB first.

Decontamivation Procedures

Personnel and equipment can become contaminated in a number of ways
Including:

o Contacting vapors, gases, mistB, or particulates in the air.

o Being splashed by materials while sampling or opening
containers.

o Walking through puddles of liquids or on contaminated soil.

o Using contaminated instruments or equipment.

Protective clothing and respirators help prevent the wearer froi
becoming contaminated or inhaling contaminants. Good work practices help
reduce contamination of protective clothing, instruments, and equipment.

The employee needs to be aware of donning and doffing procedures for
protective clothing and equipment. These procedures are easy to follow:

o Gloves go on your hands first when putting protective clothing
on; and

o Gloves come off your hands last, when undressing.

These procedures will be supplemented by performing decontamination
on personnel, equipment and heavy equipment. Decontamination procedures
consiat of physically removing contaminants from the person or equipment with:

o Steam cleaning equipment;

o Diesel fuel and brushes;
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o Acetone rin8ing; and

o Detergent washing.

The drilling rig will be steam cleaned following contact vith
waste/soil material. The rig will then be spray washed and detergent waahed
prior to leaving the CRZ. Diesel fuel brushing is only required in the event
that the auger flights become covered with waste that the steam cleaning will
not remove.

Respirators should be washed with detergent/disinfection solution to
remove any contamination. Respirators muat be washed at the end of each day
or more often if they become gro8sly contaminated.

Emerncy Procedures

Emergency procedures are presented in this manual to address the
po8sible site emergencies given below:

o }fedical injurie8;

o Fire and explosions;

o Exces8ive emis8ions from drilling activity;

Medical Injuries

Medical problems that can occur on site need to be handled com-
petently and quickly. Each field team member should be aware of the
instructions and information given below:

o Write down and post the telephone numbers of the local
Base and community ambulances and medical facilitie8.

o Seek professional medical attention for personnel that are
not breathing, bleeding severely1 experiencing intense pain
or are unconsciou8. Each member of the site team should
know how to call for an ambulance (on Base and off Base).

o If you get anything in your eyes (chemicals or dust)3
flood them with water for 15 minutes. Be sure to tell a
supervisor. The Supervisor will make sure that the

victim washes the eyes for the full 15 minutes.

o Do not remove objects that are impaled (stuck) in the eye.

o Always seek medical attention for eye injuries.

o Stop bleeding with direct pressure. Place a bandage over
the wound and press down with your hand. Use a tourniquet
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only in extreme cases when you are not able to stop severe
bleeding.

o If you contact the waste, wash the affected area with soap
and water as soon as possible. If large amounts of waste
cone in contact with the body, you will be required to
take a full body ehover with soap inimediately.

Fire and Explosion aesponse Procedures

Fires on site can be caused by the drilling rig activity and welding
activity. The drilling rig will have a fire extingui8her on hand at all
times. The procedure for using a fire extinguisher is to pull the safety pin,
point the extinguisher at the base of the flames and discharge the extin-
guisher by sweeping the flames from a distance of six feet. Move io clo8er aB
the flames are being put out.

o Never use water on an electrical fire or a 8olvent fire. All
extinguisber8 should be dry chemical and labeled "Class A, B,

o Never weld in dry grass and always keep an extinguisher nearby.

o iCeep decontamination solvents well away from the steam cleaner.

Excessive Emissions Procedures

If the detector tube readings indicate that the drilling activity is
producing excessive eini8sjons (any emis8ion approaching the my), the
following action needs to be taken:

o Cease drilling and contain cuttings.

o If emissions are not controiled, remove auger flights and close
the borehole. Continuous air monitoring will be conducted
during this type of emergency.

0 Be prepared to evacuate to an upwind site.
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5.0 EMPLOYEE EXPOSURE MONITORING

The field team will be monitored for exposure to site hazards. The
monitoring program planned for this project will consist of monitoring air-
borne vapor contamination and employee exposure to heat stress, if tempera-
tures exceed 70 degrees F. The following tables will summarize monitoring
information:

Tables Description

1 Detector tubes for monitoring air
quality

2 Respirator protection factors

5.1 Air Monitoring.

Ambient air monitoring will be performed using colorimetric in-

dicator tubes to detect the presence of airborne contamination in vapor form.
A Draeger kit with an assortment of indicator tubes will be used to obtain
quick analyses of hazardous subst&nces in the air.

Air samples will be collected in the following manner:

o Prior to starting any work at a drilling site, the
Supervising Geologist will take one air sample using the

Tpolytest" detector tube. This tube will show a positive
reaction in the presence of:

- ethyl acetate
- benzene
- acetone
- alcohol
- hydrocarbons

If a positive reaction does occur, more specific tests may be made
using specific detector tubes. The results of the air samples will confirm
that the respirators selected for this project will provide adequate
protection under actual site conditions.

An example for confirming respiratory protection is provided below:

o The protection factor of a full facepiece respirator is 50.
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6.0 DECONTANINATION PROCEDURES

To minimize the transfer of hazardous sub8tances from the sites
contamination control procedures are needed. Contaminanta must be removed
from people and equipment prior to relocation from a work zone.

6.1 Work Zones

The field team will preveit wa8te material from moving from the
drilling site. The team will prevent migration of aite contaminants by using
work zones to control and decontaminate personnel and equipment. Protection
levels in each work zone will be different and the workers should familiarize
them8elves with the Bpecial procedures and dress codes of each work zone.
Presented below is a list of figures that will demonstrate how the work zones
will be set up and the decontamination scheme for cleaning equipment and
personnel.

Figure Description

1 Monitor well work zones

2 Decontamination scheme for the
drilling rig, auger flights, and
8plit spoon samplers.

3 Decontamination procedures for
personal protective equipment.

Exclusion Zone

A 25 foot circle around the drilling rig will be the "exclusion
zon&'. This zone may contain potentially hazardous airborne and phy8ical
hazarde to the workera. Full personal protection will be required in this
area.

Contamination Reduction Zone

A corridor leading from the exclusion zone will be defined. This
corridor should lead from the drilling rig to the break area. All de-
contamination activities will occur in thie area. A waste container should be
placed at the end of the corridor so contaminated disposable equipment can be
dropped off. Personal protective equipment should be removed in the

order given below before anyone enters the support area.

L-24



RADIAN

o first, remove any outer gloves or boot covers and drop them in
the container provided;

o next, remove the tyvek coverall, save this coverall unless it
is contaminated;

o next, remove your respirator;

o last, remove your inside gloves.

Reverse the order of the doffing procedure when you are ready to
enter the exclusion zone.

Support Zone

A support zone must be defined for each well installation location.
The zone should be at least 50 feet from the drilling rig and should be clean
and free of contamination (surface and airborne). Air monitoring and visual
inspection of the support zone location will confirm that the area is rela-
tively clean.

Some general rules to obey when in the support zone are as follows:

o You must wash your hands and forearms with soap and water
before eating, drinking, smoking, anything.

o You must wash your hands before using the toilet.
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